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Preamble

Irrigation and Energy (MoWSIE), Koshi Province has initiated and supported the devel-

opment of this guideline in consultation with potential users, AEPC and sector experts.

This guideline seeks to assist provincial and local governments, owners of residential
buildings, owners of commercial and industrial (C&l) establishments across Nepal in planning
and developing grid-connected solar PV systems.

l ' nder the mandate given through the Constitution of Nepal, the Ministry of Water Supply,



BACKGROUND

rid-connected solar PV (i.e., solar rooftop systems) are solar power generators intercon-

nected to the electricity grid. Apart from generating electricity to be consumed in-house,

they allow excess electricity to be fed in and sold to the grid, subject to permission of

the utility. Grid-connected solar systems allow buildings to generate clean energy, re-
ducing energy consumption from the grid thereby reducing electricity bills. Additionally, the
export and sale of excess energy are generating additional income while contributing to the
nation’s supply of clean energy from renewable sources.

With an average solar radiation range of 3.5 to 6.6 kWh per day and approximately 300 days of
sunshine, Nepal offers substantial potential for solar power generation. A study' conducted in
five major cities — Kathmandu, Pokhara, Butwal, Nepalgunj, and Biratnagar — found that the
technical potential of solar grid-connected systems of Nepalese households is 5 MWh per year
(based on an average roof area of 93 m? per household). The decreasing cost of PV components
progressively increases the affordability and accessibility of solar energy, while the rising prices
of grid electricity make solar power an appealing alternative. With an urban population of about
6 million in 2020, grid-connected systems have the technical potential to contribute up to 6.5
TWh of electrical energy to Nepal's energy supply.

Ministry of Water Supply, Irrigation and Energy (MoWSIE) is among the agencies that have a
keen interest in developing and promoting such grid-connected solar systems due to several
reasons, some of which being the socio-economic status of Koshi Province being favourable for
solar grid-connected system, aided by the presence of a good amount of commercial and indus-
trial zone. Koshi Province is one of the leading contributors to the national economy. There are
more than 800 registered industries and 76 thousand small-scale industries along with 21 thou-
sand commercial businesses registered which together account for 18% of Nepal’s private sector
establishments. Similarly, the contribution to the national GDP from Koshi Province is 16%
which is the second highest among the provinces, the first being Bagmati Province. Likewise, the
contribution from agricultural produce from Koshi Province is 22% which is the highest among
all the provinces thus aiding the need for the establishment of processing mills. The major indus-
trial districts (Morang, Sunsari and Jhapa) in Koshi Province are more than 90% electrified with
dedicated feeder and trunk line networks for industrial corridors, thus paving a clear path for
stable electricity supply to the industrial corridor.

The potential of grid-connected solar PV is immense in Koshi Province. It allows individual house
owners, commercial entities and industries to generate power locally which ultimately reduces
grid system losses, and improves system reliability and voltage level. Similarly, being a prominent
cleaner technology, solar PV can reduce greenhouse gas emissions (GHG) reduction signifi-
cantly. Together, these factors support the claim that solar electricity is expected to be cost-
competitive with other sources such as hydropower.

' The potential for rooftop photovoltaic systems in Nepal — www.mdpi.com/1996-1073/16/2/747



FOREWORD
By Executive Director of AEPC

olar PV has become the most prominent source of electricity both in developed and devel-
oping countries. It is expected that by 2050 almost 90% of electricity will be generated
through solar panels and wind turbines. Solar PV systems are a smart, safe, inexpensive,
and environmentally friendly source of energy. It can also produce massive financial ben-
efits for residential, commercial, and industrial buildings. Because of high solar radiation and a
large number of sunshine days, Nepal offers substantial potential for solar power generation.

The Alternative Energy Promotion Centre (AEPC) seeks to mainstream renewable energy and
energy efficiency for improved living conditions of the people of Nepal and combatting climate
change globally. AEPC has been partnering with government agencies, development partners,
provincial governments, local levels, the private sector, user groups, and other stakeholders to
promote various renewable energy technologies including solar PV.

The Ministry of Water Supply, Irrigation and Energy (MoWSIE), Koshi Province is keen to pro-
mote, among other things, grid-connected solar PV systems (solar rooftops) in residential build-
ings and commercial and industrial (C&I) properties. Similarly, AEPC together with various de-
velopment partners is also providing technical and subsidy support for such technologies. For
accurate planning and development of grid-connected solar rooftop and ground-mounted solar
PV systems, the ministry has decided to prepare this guideline for provincial and local govern-
ments, house owners and owners of commercial and industrial establishments.

The POSTED project of GIZ was instrumental in the preparation of this guideline as per the
request of MOWSIE, Koshi Province. | would like to express our gratitude to Felix Nitz, the Team
Leader, Dr. Bharat Raj Poudel, the Deputy Team Leader, and Nipun Regmi, the Solar PV Spe-
cialist.  would also like to express our sincere thanks to Narayan Kafle (international lead expert),
Oscar Mones (international expert), Aashish Chalise (national expert) and Sujan Tuladhar (na-
tional expert) who worked hard to prepare this guideline. Likewise, | would like to express grat-
itude to Dr. Narayan Adhikari, Director, Dr. Laxman Prasad Ghimire, Assistant Director of AEPC
and the entire team of AEPC who continuously supported and provided suggestions and assis-
tance during the preparation of this guideline.

Finally, I would also like to thank the MoWSIE, Koshi Province family including the then Secre-
tary Mr. Nabin Raj Singh and the current Secretary Mr. Arun Kumar Jha, who coordinated with
the POSTED project and supervised the preparation of this guideline. Finally, | express our sin-
cere gratitude to the experts, employees of various offices and communities of the solar rooftops
projects who participated in the discussions at various stages during the preparation of the guide-
line.

Nawa Raj Dhakal
Executive Director
Alternative Energy Promotion Centre
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Glossary

Alternating current (AC) is an electrical current in which the direction of electron flow reverses
at regular intervals. In an AC circuit, electric charge changes polarity in a cyclical pattern. In
general, the grid electricity provides AC current.

Balance of system (BOS) are all system components in a photovoltaic (PV) system other than
solar panels and inverters. It includes PV racking, batteries, enclosures, disconnects, combiner
boxes, charge controllers, cables and connectors, switches, protection and safety devices, and
monitoring and control systems.

Commercial and industrial solar PV systems are solar PV systems installed on a non-residential
structure. According to the NEA directive, a commercial system is officially designated as one
exceeding 10 kW up to 500 kW output, while an industrial (utility) scale system surpasses 500
kW output.

Current carrying capacity is the maximum continuous current that a conductor (or wire) can
safely carry without exceeding its rated temperature.

Direct current (DC) is an electrical current characterized by its steady and unchanging flow in
a singular direction. For reference, all batteries produce direct current.

Energy service companies (ESCO) are specialized companies providing energy as a service to
help clients lower electricity bills through renewable energy and/or energy efficiency. ESCOs
typically own, operate, and maintain the energy infrastructure, while the client benefits from
clean energy generation without the upfront capital costs. Clients enter into agreements such as
power purchase agreements (PPAs) or leasing arrangements with ESCO, where they agree to
purchase the energy generated by the system over a specified period at predetermined rates.

Internal rate of return (IRR) is a financial metric used to evaluate the potential profitability and
attractiveness of an investment or project. It represents the discount rate at which the net pre-
sent value (NPV) of future cash flows from the investment becomes zero. In other words, it is
the rate at which an investment breaks even in terms of its cash flows.

Levelized cost of electricity (LCOE) represents the total cost of producing electricity (NPR per
kWh) from a solar system or an energy source. This calculation spans the anticipated lifespan
of the project and encompasses various elements, including construction, operation, mainte-
nance, financing, and eventual decommissioning costs. It also considers the projected electric-
ity output generated by the facility during its operational lifetime.

Net metering is a billing system that enables individuals or businesses with on-site renewable
energy systems to consume the electricity they generate and when generation exceeds their
consumption, export the surplus electricity to the grid through a bi-directional meter. Custom-
ers receive credit for the excess electricity, which can offset their future electricity bills.

Payback period is a financial indicator that represents the length of time it takes to recover the
initial investment or cost of a solar project through the net cash inflows it generates. It is ex-
pressed in years and/or months and is a measure of how quickly an investment will break even
and start generating positive returns.

Power purchase agreements (PPA) are legally binding contracts between a power producer or
developer (ESCO) and a consumer or the utility (NEA), in which the producer agrees to gener-
ate and sell electrical power to the buyer over a specified period. PPAs are commonly used to
facilitate the development and financing of power generation projects, particularly in the re-
newable energy sector, by providing revenue certainty for the producer and a stable energy



supply for the purchaser. PPA define two major aspects, namely tariff and duration of the
agreement

PV (photovoltaic) arrays are a grouping of multiple solar panels or solar modules intercon-
nected together to generate electricity from sunlight. PV arrays are a fundamental component
of solar power systems and are typically installed on rooftops or open ground areas to capture
sunlight and convert it into electrical energy. A solar system can comprise one or multiple PV
arrays.

PV (photovoltaic) systems are a complete set of components for converting sunlight into elec-
tricity by the photovoltaic process using solar PV panels. Such a system includes panels, invert-
ers and a balance of the system to be a complete PV system.

Residential solar PV systems are solar systems designed to not exceed 1,000 Vpc for use in
homes and residential properties. They consist of solar panels, an inverter, mounting structures,
and associated components that work together to capture sunlight and convert it into usable
electricity for household consumption.

Slope (of a roof) also known as roof pitch or roof angle, refers to the steepness or incline of a
roof surface relative to the horizontal plane. It is typically measured as the ratio of the vertical
rise (height) of the roof to the horizontal run (span) of the roof or degrees.

Solar grid-tied systems, also known as grid-connected systems, are systems where the solar
panels are connected to an inverter that converts the direct current (DC) generated by the pan-
els into alternating current (AC) that is also connected to the utility grid to sell excess electricity
if approved by the utility company, e.g. Nepal Electricity Authority (NEA).

Solar inverters convert the direct current (DC) generated by the solar panels into alternating
current (AC) that could be used within premises or fed into the utility grid.

Solar irradiation is the total amount of direct and diffused solar radiation received on a hori-
zontal surface. It is measured in watt/m? on a horizontal surface.

Watt peak is the maximum electrical power that a solar cell can yield under standard testing
conditions. While these conditions may not match those on a given site the value is used as a
reference for comparing the performance of solar panels.



I PART 1
ABOUT THE GUIDELINE

1.1 Purpose

This guideline has been prepared to aid readers without prior subject knowledge in planning
and developing grid-connected solar PV systems. Though it does not qualify readers for the
technical tasks involved, it provides the required high-level guidance on the vital process steps
which include design, installation, testing and commissioning, financial analysis and
management. The overarching aim is to enable non-technical readers to successfully develop
and implement well-designed projects.

Note that the implementation of solar PV systems will require additional expertise. For
example, experts should be engaged in assessing project feasibility, designing and sizing the
system, analysing financial performance and development of the system on the ground.
However, if carefully followed, this guideline educates readers to become conversant with the
scope of work and the terminology, helps determine the specialist expertise needed and aids
the validation of work produced by experts.

This document is intended for Nepal’s federal, provincial and municipal governments. It is also
intended for potentially interested house owners and owners of commercial and industrial
establishments who are considering installing PV systems. Also, this guideline serves as a
reference for developers of solar PV systems, financial institutions and the Renewable Energy
Testing Station (RETS).
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Structure of this guideline

Chapter 2:
Why solar grid-connected
systems?

Chapter 3:
Things to consider for
planning a project

Chapter 4:
Assessing project feasibility

Chapter 5:
Does it make economic
sense?

Chapter 6:
Implementation of projects

2|

What are the benefits of solar PV systems?
Does the government provide subsidies?

What is the potential of solar systems in
Nepal?

What are the criteria to be considered?
Which standards and regulations should be
kept in mind?

Which institutions are involved in a project?

How to assess the feasibility of a residential
system?

How to assess the feasibility of commercial
and industrial systems?

How are the financial prospects analysed?

Deciding whether or not to go ahead with a
project

What are the steps in the project
development?

What permits and approvals do | need?
How to connect my PV system to the grid?




1.2 Use of this guideline

For each of the intended audiences, this guideline offers practical advice for planning and
developing grid-connected solar PV systems. Please note: the terms “must” or “shall” indicate
aspects that are mandatory from a technical, financial, regulatory or operational perspective
while “can” or “should” are used to indicate recommendations.

For planning,
design and
implementation

Clarifies the steps involved and criteria to be considered for developing
solar PV projects.

Provides guidance on processes that require experts to be engaged for
assessing project feasibility, system design, selection of components,
determining costs and benefits, and evaluating the result of the work of
experts.

Provides guidance on site assessment and design tools, system sizing
approaches, required space and estimation of power generation.

Provides templates such as for detailed feasibility studies, along with
reporting requirements to engage experts and monitor their
performance.

Determines technical standards to be considered.

Provides a tool for determining the financial viability of solar projects. It
allows the calculation of key indicators, namely the internal rate of return
(IRR), payback period, and levelized cost of electricity (LCOE).

Provide valuable resources for provincial governments, LGs and
developers in the implementation of solar grid-connected systems
including system installation steps and timeline.

Provides information on quality control and monitoring of system
components and the system.

Guides stakeholders on the grid connection process of solar PV systems
and the technical and legal requirements.

For policy
formulation

Comprehensive reference for promoting grid-connected systems within
jurisdiction.

Provides guidance to policy formulation.

Provides key inputs that can be used for creating awareness at the
community level to promote solar PV systems.

Identifies national-level stakeholders involved in solar rooftop systems
and their respective roles.
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B PART 2
WHY SOLAR GRID-
CONNECTED SYSTEMS?

2.1 The benefits of grid-connected solar systems

Grid-connected systems, also known as grid-tied systems or on-grid systems are solar PV
systems interconnected to the electricity grid. Apart from generating electricity to be consumed
in-house, they allow excess electricity to be fed in and sold to the grid, subject to permission of
the utility (i.e., Nepal Electricity Authority-NEA).

For a grid-connected solar system, solar panels are installed on rooftops or open spaces to
capture sunlight and convert it into electricity. The panels generate direct current (DC)
electricity, which is then converted into alternating current (AC) electricity by an inverter. The
AC electricity is compatible with the electricity grid and can also be used to power in-house
appliances such as lights, computers and refrigerators.

When the solar panels produce more electricity than required on-premises, the excess
electricity is automatically fed into the grid. This process is known as "net metering" based on a
feed-in-tariff notified by NEA. The excess electricity is measured by a bi-directional meter, and
the owner is usually credited for the exported electricity, which offsets their electricity bill.

When the solar panels do not produce enough electricity to meet the building's demand, for
example during cloudy days, the system draws electricity from the grid to compensate for the
shortfall. This ensures a continuous and reliable electricity supply.

Grid-connected solar systems allow buildings to generate clean energy, reducing energy
consumption from the grid thereby reducing electricity bills. Additionally, the export and sale
of excess energy are generating additional income while contributing to the nation’s supply of
clean energy from renewable sources.

2.2 Types of systems

2.2.1 Residential systems

A residential solar photovoltaic (PV) system is a solar power setup designed not exceeding
1,000 Vpc for use in homes and residential properties. It consists of solar panels, an inverter,
mounting structures, and associated components that work together to capture sunlight and
convert it into usable electricity. Residential grid-connected systems primarily serve for self-
consumption of solar electricity in order to become less dependent on grid electricity and to
reduce electricity bills. The automatic export of surplus energy to the grid can generate addi-
tional income.

The popularity of residential solar grid-connected systems worldwide has increased in recent
years. Australia, for example, has an impressive penetration rate of approximately 30% of the
total of 11 million residential buildings. Customers are increasingly opting to install solar pan-
els due to heightened awareness of renewable energy's importance in mitigating global warm-
ing. Moreover, they directly witness the advantages through their electricity bills that come
with the installation of solar panels on their roofs. These benefits include offsetting their elec-
tricity consumption and receiving credits on their bills for surplus energy exported to the grid.
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Furthermore, the Australian governments at both the federal and provincial levels have imple-
mented various incentives to promote the adoption of solar panel installations among custom-
ers. Additionally, the straightforward process of connecting solar systems to the local distribu-
tion lines has also played a significant role in encouraging customers to embrace solar PV in
Australia.

2.2.2 Commercial and industrial (C&I) systems

A solar PV system installed on a non-residential structure and operating up to 1,500 Vpc
voltage falls into the commercial and industrial solar PV systems category. Due to its high DC
voltage level, public access to this system is strictly prohibited. However, according to the NEA
directive, a commercial system is officially designated as one exceeding 10 kW up to 500 kW
output, while an industrial (utility) scale system surpasses 500 kW output.

Many commercial and industrial establishments own diesel generators to ensure electricity
supply during blackouts. As of 2021, electricity costs from diesel gensets in Nepal range from
25 to 30 NPR per kWh dependent on the running costs and the diesel price.

Typically, such establishments have large roof areas on their buildings, manufacturing facilities,
and warehouses. These tend to lend themselves more easily to the installation of solar panels at
lower cost compared to residential buildings. As of 2023, the levelized cost of electricity from
solar rooftop PV systems is in the range of 7 to 15 NPR per kWh depending on the size and
components of the system. Technically, there is no difference between residential and com-
mercial/industrial systems although the latter can be significantly larger.

2.3 Solar PV potential in Nepal

2.3.1 Technical potential

Nepal’s equatorial proximity and varying altitude contribute to high levels of solar radiation
year-round. With an average solar radiation range of 3.5 to 6.6 kWh per kWp installed per day
and approximately 300 days of sunshine, Nepal offers substantial potential for solar power gen-
eration.

Urbanization in Nepal has increased by more than 4% annually over the last ten years, result-
ing in a growing number of urban households connected to the grid. A study' conducted in
five major cities — Kathmandu, Pokhara, Butwal, Nepalgunj, and Biratnagar — found that the
technical potential of solar grid-connected systems of Nepalese households is 5 MWh per year
(based on an average roof area of 93 m? per household). As of 2021, NEA serves around 5
million domestic consumers, 87,000 commercial clients, and about 16,000 industrial clients.
Many of them may have the potential for grid-connected systems using net-metering. The
continued intermittence of electricity supply, the abundance of solar resources, mature
technology, and financial advantages combined with the net-metering policy make solar grid-
connected systems a viable option in the country. With an urban population of about 6 million
in 2020, grid-connected systems have the technical potential to contribute up to 6.5 TWh of
electrical energy to Nepal's energy supply.

! The potential for rooftop photovoltaic systems in Nepal — www.mdpi.com/1996-1073/16/2/747
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Figure 1: Photovoltaic potential in Nepal — Source: World Bank Group (ESMAP)
2.4 Economic potential

The decreasing cost of PV components progressively increases the affordability and
accessibility of solar energy, while the rising prices of grid electricity make solar power an
appealing alternative. Further, it allows individual house owners, commercial entities and
industries to generate power locally which ultimately improves system reliability and voltage
level. Similarly, being a prominent clean technology, solar PV can reduce greenhouse gas
emissions (GHG) significantly. Together, these factors support the claim that solar electricity is
expected to be cost-competitive with other sources such as hydropower. Chapter 5 provides
guidance on the evaluation of economic viability and returns on solar PV projects.

2.5 Policies and incentives

Alternative Energy Promotion Centre (AEPC) continues to play a vital role in scaling up the
adoption of grid-connected solar PV systems through subsidies, rebates, training, and policies.
Nepal Electricity Authority (NEA), on the other hand, as the sole national off-taker of solar-
generated electricity, provides the needed incentive through net-metering. The collaborative
endeavour of AEPC and NEA is poised to promote wider implementation of grid-connected
systems throughout the nation. The most pivotal incentives are explained in the following
chapters.

2.5.1 Subsidy

AEPC has been providing various financial incentives under the current RE Subsidy Policy
2078 B.S. for solar rooftop systems. For commercial establishments such as companies, indus-
tries, factories, commercial buildings, and private offices with solar PV capacity exceeding
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1,500 Wp, AEPC extends two options for support. This includes a 50% interest subsidy' on
bank loans for five years or 1.5 Rupees per kilowatt hour (kWh) of energy generated? over a
five-year period. Conversely, at the household level, AEPC offers a substantial 75% interest
subsidy? on bank loans spanning five years for solar PV capacities exceeding 500 Wjp. Further-
more, the existing subsidy policy facilitates a 50% subsidy* for solar rooftop systems under the
public-private partnership (PPP) model through the Viability Gap Fund (VGF). To apply for the
subsidy, users will have to fill up a form and get it endorsed by AEPC (refer to Annex 4).

2.5.2 VAT and import customs duty waivers

Solar panels and grid-connected solar PV inverters are fully exempted from value-added tax
(VAT) while the import customs duty for these stands is reduced to 1%. PV racking, cables,
switch/control gear, enclosures and cable trays also enjoy reduced import customs duty on a
per-project basis based on the recommendation of AEPC. Solar developers who wish to benefit
from these must apply with a specific set of documents to qualify, the list of documents will be
provided by AEPC upon request. The waivers are designed to encourage adoption by reducing
the financial burden on consumers.

Table 1: VAT and import customs duty waivers for Solar PV

Components Incentives Reference

Grid inverters VAT free

Solar panels : Import customs duty reduced to 1%

Cables , Finance Act, 2020

Cable trays i Section 22 (12) of
: Import customs duty reduced to 1% but i Schedule 1

Enclosures : :

i requires AEPC recommendation i
PV racking :

Switch/control gear

2.5.3 Net metering policy

In 2018, the Ministry of Energy, Water Resources and Irrigation (MoEWRI) issued the Grid
Connected Alternative Energy Working Procedure that removed significant barriers to entry for
solar energy producers in Nepal. Updates and amendments of the directive in 2021 and most
recently in February 2023 categorize the process based on system capacity. Grid-connected
solar systems of capacities of up to 500 kW do not require a license (while those above 500
kW require a license) and can be connected to the national grid under the net metering policy
through NEA (refer to Annex 18).

' AEPC, RE Subsidy Policy 2022, Annex 11, 11.3.4, Page 12
2 AEPC, CREF Operational Manual 2071 (15t Ammendment 2078), Annex 5, Page 29
3 AEPC, RE Subsidy Policy 2022, Annex 11, 11.3.4, Page 12
4 AEPC, CREF Operational Manual 2071 (1 Ammendment 2078), Annex 5, Page 29
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2.6 Promotion by PGs and LGs

The Federal Government of Nepal formulates
the policy to promote renewable energy in the
country. The provincial and local governments
are vital for implementing and meeting these
targets by formulating their policies and
targets. Considering the mandate granted to
provincial and local governments for framing
their policies by the constitution, some
suggestions are provided that could promote
the implementation of grid-connected systems.
Based on the policy formulated, actions could
be taken on the following aspects.

Targets: Provincial and local governments can
set annual targets for installing grid-connected
systems based on a certain total capacity or a
certain number of households per year. This
could be followed up with a plan to realise
these targets and monitoring.

Mandatory installation: Governments could

Example from Australia

The New South Wales Government
set the ambitious target for zero-emis-
sions by 2050. To support the state,
the city council of Wagga Wagga has
set a target to meet net zero emis-
sions on council's corporate buildings
by 2040 and inindividual house-
holds by 2050. The city council has
formulated specific strategies such as
the promotion of solar rooftop sys-
tems on council and residential build-
ings. The council's ability to sell
greenhouse gas emissions avoided to
the state and federal government en-
ables it to use this revenue to promote
solar rooftop system in the council.

make mandatory solar rooftop systems for new residential buildings.

Incentives: Governments can offer incentives to commercial and industrial customers who

install solar systems on their premises such as soft loans.

Equity fund: Provincial governments could set up equity funds to promote solar rooftop

systems. The fund can be used to provide soft loans to residential, commercial and industrial

customers.

Tax incentives: Governments could design programmes to incentivise commercial and

industrial customers in tax on solar components or encourage them to install solar on their tax

remittances or provide tax incentives on their products if they install solar systems.

Generation-based subsidies: Governments could offer generation-based subsidies to solar
energy generators to promote solar rooftop systems. Subsidies could be based on the grid

electricity or CO. emissions offset.

Rating systems: To encourage the installation of solar rooftop systems for factories,

governments could introduce rating systems such as green tags or star systems against certain

product categories of products.
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I PART 3
THINGS TO CONSIDER
FOR PLANNING A
PROJECT

Solar PV projects require experts that need to be engaged for the feasibility study
as detailed in Chapter 4. It would be advantageous, however, for anyone seeking to
develop a project to be conversant with the principal criteria, standards and design
Special note considerations. This would enable even non-technical readers to become
conversant with these aspects, enable them to provide critical review of the options,
proposed experts and take informed decisions. This chapter thus seeks to familiarise
readers with the essentials.

3.1 Essential aspects

When considering a project, it is important to keep in a clear view certain essential aspect.
These need to be evaluated based on factual information. The most vital aspects to be
considered are described below.

= [Installation area: The availability of space for the installation of PV panels is the most
pivotal criteria for the system size and capacity. Selected spaces must not be exposed to
daily or seasonal shading. Projects with more space can generate more electricity and
provide a better return on investment. Roof space is generally well suited for such purpose
because it cannot be used for other purposes. Alternatively, panels can be installed on the
ground with suitable mounting structures.

» Electricity consumption: The energy consumption of the building or institution considered
for the solar project also helps to determine the size and capacity of the system. Projects
with higher energy consumption may require larger systems to meet their energy needs. A
requirement for net metering is that the total energy being exported to the grid must not be
more than 90% of the total consumption of the electricity by the customers.

» Sunlight: The amount of sunlight reaching the installation area, called solar irradiance (refer
to Figure 1) determines the output and viability of a solar project. Areas with high
irradiance are more attractive than those with lower levels.

= Financial viability: Financial viability determines the project's feasibility and sustainability.
Project costs, incentives, and revenue streams must be carefully evaluated to ensure a
positive return on investment.

= Technical feasibility: To be realized, a project must be technically feasible. The assessment
of technical feasibility evaluates, among other things, installation structures (roof, roofing
structure, columns and beams, etc.), the project design, the electrical capacity, and
interconnections.
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= Regulatory compliance: Projects must be compliant with applicable regulations and
standards. This includes the NEA's directives on electrical codes and connection types, the
Nepal National Building Code and the zoning regulations from the Land Use Policy 2015.
Residential systems must have an inverter compatible with the grid at 230 V or 400 V with
50 Hz frequency. PV systems with a capacity greater than 10 kW are classified as
institutional and must have a 400 Vac and above 40 kW require an 11,000 V supply and
extra protection. The DC side of a solar system should be designed and installed below
1,000 Vopc for residential systems and up to 1,500 Vpc for commercial and industrial systems
regardless of their AC classification.

Table 2: Categorization of grid-connected solar PV systems as per NEA directives 2078 B.S.

Category Size i Modality Connection voltage

: 230 V - Below 5 kW
: 400 V - Above 5 kW

Commercial and industrial . : 400 V - Below 40 kW
i >10-500 kW i Net met :
systems et metenng : 11 kV - Above 40 kW

Residential systems 500-10,000 W Net metering

Utility-scale sy.stem.s . Above 500 kW Feed-in tariff Connection at substation
(not part of this guideline)

3.2 Roles of institutions

Promoting renewable energy and solar PV technology has several goals. These include
improving the availability of clean energy, augmenting grid electricity supply, increasing the
non-hydro power generation mix in the national grid for the country’s energy security, and
addressing global warming and climate change concerns by reducing GHG emissions.

Several institutions are involved in the promotion and adoption of grid-connected solar PV
systems in Nepal. They have distinct roles, ranging from formulating policies to installing
systems to providing financial incentives, to providing quality assurance and monitoring.
Coordination and collaborative efforts among these entities are crucial for expanding access to
solar energy and decreasing carbon emissions. The most important institutions and their main
roles are outlined in the table.
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Table 3: Stakeholders and their roles and responsibilities

Stakeholders

Ministry of Energy, Water
Resources and Irrigation
(MoEWRI)

Roles and responsibilities

i Develops policies that aid in scaling up grid-connected solar PV

i systems and other renewable energy technologies, set national
targets with a specific timeline, and implement international

i agreements related to the promotion of clean energy as ratified by
: the government

Provincial governments

: Develop provincial policies and financial incentives to promote grid-
: connected solar systems in their respective jurisdiction

Local governments

: Develop strategies to implement renewable energy and achieve
targets for solar PV systems. Create financial incentives to encourage
: the adoption of such technologies within their jurisdiction

Nepal Electricity
Authority (NEA)

Ensures the implementation of net metering

Approves grid connection of the solar system based on
application

Installs bi-directional energy meters

Regulates AC side connection and compliance

Alternative Energy

Promotion Centre (AEPC)

Facilitates VAT and customs waivers for the import of solar
components

Formulates standards for solar panels, inverters, and other
components.

Can assist provincial and local level departments in connecting
with federal-level government departments

Renewable Energy Test
Station (RETS)

Assures compliance with technical standards for grid-connected
solar PV systems.

Establishes a prequalification process for large-scale solar grid-
connected systems.

Conducts testing and certification of solar grid-connected
systems.

Establishes pre-approved designs and defines certification
protocols for all equipment used in solar grid-connected systems.

Solar projects developers

Prepare project plans and gain necessary approvals for installation
and connection.

May assist in arranging finance (equity or loan) for the project
Engage local stakeholders in project planning and design
Design and develop solar grid-connected systems

Energy services company

(ESCO)

Design, build, own, operate, and maintain solar PV systems
shouldering the upfront capital costs.

Establish PPAs or leasing arrangements for the purchase of the
energy generated by the system by the client over a specified
period at predetermined rates.

Users (house owners,
owners of commercial
and industrial
establishments)

Keep the system clean

Monitor system performance

Secure the system and components against theft

Inform qualified technicians in case of issues

Check the electricity bill that the solar export is credited by NEA

To maximise benefits, operate appliances preferably during
sunshine hours




3.3 Standards and by-laws

AEPC has developed the Nepal Photovoltaic Quality Assurance (NEPQA) to regulate PV
industry in Nepal. To date, NEPQA is the primary document that specifies the documents and
technical requirements of the components used in solar PV systems. Currently, the NEPQA
2015, Rev. 1 published in February 2016 is in effect. The solar sector in Nepal, including the
PV component testing lab, Renewable Energy Test Station (RETS), is regulated based on the
standards set in NEPQA.

For solar grid-connected systems where the major components are solar PV modules and grid-
connected inverters, the technical requirements of the system defined in NEPQA are currently
limited to solar PV modules only. It does not set standards for grid-connected inverters or other
components. For components not included in NEPQA, IEC and other international standards
should be referred. To connect the system to the national grid, the user must submit a letter of
request along with a grid connection agreement with the NEA (refer to Annex 2). NEA will
gauge the system’s integrity and standard for connection only after the letter is submitted and
the system is verified by RETs.

3.4 Design considerations

3.4.1 Technical factors determine economics

The design of the system and selection of system components (refer to Annex 1), form part of
the feasibility study detailed in Chapter 4. For both, it is essential to consider technical aspects
carefully as they will determine the economics.

: The orientation of the PV array significantly impacts power generation. If the site

: offers flexibility in positioning the solar panels towards due south, it is advisable
Orientation : to do so. If there are costs associated with realizing the best orientation, a careful
of PV array i comparison between the costs and the potential benefits shall be made. It is

- helpful to use simulation software (detailed in Chapter 4) to ensure that the con-

: sidered orientation offers the best or sufficiently good economics.

: Power generation also varies with tilt angles. The optimum tilt should be deter-

: mined for the site. It is advantageous to aim for the optimum angle provided it

: can be realized without a significant increase in costs. If the installation space is a
i roof, aesthetic aspects invariably also come into consideration and compromise

: may have to be worked out. It is helpful to use simulation software (detailed in

: Chapter 4) to ensure that the considered tilt offers the best or sufficiently good

i economics.

Tilt angle
of PV array

: The project's economics are tied to the electricity output. Besides the system de-

: sign, electricity output in turn relies heavily on the quality of the components.
Quality of : Higher-quality components typically come with a higher price tag. Due care must
components : be taken in the selection process to compare component costs with additional

benefits they offer, such as extended warranties, increased efficiency, and other

i benefits.

3.4.2 Which type of system is right?

The principal design considerations for grid-connected systems are whether or not to include a
battery. For a better understanding of each system type with respect to the components
connected, refer to Annex 14.

Grid-connected systems without battery: Typically, these systems are below 500 kW. Systems
equal to or above 500 kW are considered “utility-scale” PV systems which are outside the
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purview of this guideline. The energy produced can be used for self-consumption while surplus
electricity can be exported to the grid under net-metering regulations. To be eligible for net
metering, NEA requires systems to be below 500 kW and the majority of electricity being used
for self-consumption.
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Figure 2: Single line diagram of a grid-connected system without battery

. Systems without batteries are used in areas where net metering is in practice and the |

Special note . e !

grid supply is fairly stable. |

Grid-connected systems with battery, DC coupled: These systems include a battery on the DC

(direct current) side of the inverter. Once the battery is fully charged, the excess electricity will
be directed to the loads for self-consumption or surplus exported to the national grid

depending upon the priority set between sources and loads. Primarily, hybrid inverters with in-
built charge controllers are connected to the battery bank.
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Special note

DC Distribution Box

DO Coupled Hybrid
Solar Inverter

AC Distribution Box

___________________________________________________________________________________________ .
These systems are mostly used when the grid is less reliable, when the power

demand is not enormous and when the priority is self-consumption.

Grid-connected systems with battery, AC coupled: These systems include a battery inverter as
well as PV inverter coupled on the AC side of the inverter. The AC output from the inverter can
be utilized for self-consumption, to charge the battery or for exporting to the national grid
depending upon supply and usage.
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Special note These systems are mostly used when the grid is less reliable, where the load demand i
P is high and where flexibility for future expansion of the system is desired. |

3.4.3 What is the energy yield?

The average daily solar radiation in Nepal ranges from approximately 3.5 to 6.6 kWh per kWp
installed per day. However, the amount of solar energy received at a particular location
depends on the latitude, time of the year and day, atmospheric conditions, altitude and
elevation, obstructions and shading, seasonal variations and long-term climate patterns.

To obtain solar radiation data of a particular location, reliable online solar maps are
recommended. Even better would be the use of measuring equipment such as the Solmetric
SunEye to assess the location’s solar energy potential. Alternatively, solar handbooks or maps
published as books may be used. While using such data, the following steps are
recommended:

» Locate the place on the solar map to get radiation data of the intended location. The solar
radiation is expressed in terms of kWh/m?/day or MJ/m?/day. If the radiation is measured in
M), then divide the MJ value by 3.6 to get to kWh.

* Once the solar resource at the location is figured out, then estimate the electricity
generation from the system using the method described at Annex 1.

=  However, it is recommended to use dedicated software rather than manual calculation for
better accuracy. Various software tools are in common use by practitioners. All of them
allow for the simulation of the orientation, the tilt angle and optimizing the system design
for the best energy yield. The software also helps in project planning and determining the
economics. The most widely used software and its features are listed below for further
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reference. In the selection of experts for the feasibility study, it is recommended to ask
which simulation software they intend to use.

Table 4: Software for system simulation

Modelling software Features

i Site analysis, design and layout, performance modelling, financial
HelioScope : analysis, module database, shade analysis, customised reports,

: simulation reports, integration with remote sensing data, collaboration

i and sharing, compliance and support.

System modelling, load profiling, resource assessment, optimisation,
Homer PRO : scenario analysis, economic analysis, technical analysis, reporting, user-
: friendly interface, and integration with other software.

PV module database, system design and simulation, weather data, data
PVsyst : analysis, user-friendly interface, simulated output of the PV system,
i determining if the project is bankable.

PVSol 3D visualisation, solar irradiance calculation, system design,
: performance modelling, financial analysis, module database, battery
: storage, simulation and analysis.

: Clean energy project analysis, project lifecycle analysis, energy
. performance analysis, GHG emission analysis, geographic data,
: customisable reporting, energy project database, and training

i resources.

RETScreen

: Models and assess the performance and financial feasibility of various

! renewable energy technologies, including solar PV systems. SAM

: provides advanced modelling capabilities, including system

i configuration, energy output estimates, financial analysis, and sensitivity
i analysis.

System advisory model
(SAM)

3.4.4 What is the performance ratio?

To get an idea of how a grid-connected solar PV system is performing compared to its
expected output under ideal conditions; an assessment of the performance ratio (PR) of a
system is carried out. The performance ratio is a measure of the quality of a solar PV plant
independent of location and therefore is sometimes described as a quality factor. It is the ratio
of system energy (actual) to expected energy output (theoretical/calculated), as an indicator,
the higher the performance ratio the better is the system performance. In general, a
performance ratio of 70 — 90%, depending on the specific technology, location, and
environmental conditions is considered to be good for a well-designed and well-maintained
solar PV system. If the performance ratio is below 50%, it indicates that the system has issues
related to design and/or maintenance (such as panel or inverter malfunctions, shading issues,
or wiring problems) which need to be addressed soonest.

PR = Esyst
Eideal

Esyst = Total amount of electricity produced by the PV system in a year (kWh or MWh).

Eidgeal = This is the energy that the PV system could potentially produce if it operated under
perfect conditions, with maximum sunlight exposure and no losses due to factors like shading,
soiling, temperature, and other losses measured in kWh or MWh.
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Regular monitoring of the performance ratio is essential to identify any changes in system
performance over time, track the impact of maintenance activities, and ensure that the solar PV
system is operating optimally.

3.4.5 Selecting solar panels and inverter

The NEPQA guidelines and NEA directives must be adhered to when selecting and designing
the system and components. In cases where specific guidelines or standards are not available
for a certain component, IEC standards or the closest available guidelines shall be followed.

3.4.5.1 Solar PV panels

One of the most important tasks in a grid-connected solar PV system is selecting and designing
PV module. The PV modules must be certified by RETS in order to be eligible for incentives.
Factors that are essential before selecting PV panels, including their suitability for use in Nepal
are mentioned below:

= For a residential grid-connected solar PV system, it is recommended to limit the DC voltage
of the array up to 1,000 Volts, while the maximum voltage of 1,500 Volts should be
selected for commercial and utility-scale solar PV systems. For roofs surrounded by shading
objects like trees, chimneys, or overhead cables, and in areas with low solar radiation, thin
film panels are preferred over crystalline panels to achieve the intended system capacity.
The designer/installer shall confirm the panel grounding protocol with the module
manufacturer since it may differ from standard practices.

= Rigid panels are recommended for flat or sloped roofs, while flexible panels are preferred
for curved roofs, if available.

= The fill factor of proposed crystalline modules above 150 Wp and thin film modules shall be
at least 75%.

= The junction box of the panel must have an IP67 water ingress protection rating, and the
cable lead should be long enough to create a wiring loop during panel installation.

= Panels with high wattage and a low physical footprint, i.e., higher efficiency, should be
selected for any project. However, the selection is subject to factors such as financials and
client requirements.

» (For example, 350 Wp and above panels will have an efficiency of at least 18%. The module
efficiency for the thin film module shall be at least 12%).

= |f a number of solar PV modules fulfils the criteria mentioned above, Table 5 can be used to
select a suitable panel.
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Table 5: Solar panel specifications to be met for eligibility for incentives

Monitoring indicators I Reference values
Power tolerance (if any) Plus, or minus 3%
Power warranty Linear power warranty of at least 25 years
Light-induced degradation : Not more than 3% (the less the better)
Degradation of power per year : Not more than 0.7% of the STC value
Loss of power in 10 years Not more than 10% (the less the better)
Loss of power in 25 years Not more than 20% (the less the better)
Mechanical warranty : At least 12 years (the higher the better)
Frame construction Anodised aluminium

Mono-crystalline panels offer better performance than poly-crystalline panels in terms of
efficiency. If front-row shading is unavoidable, half-cut panels are preferable over full-cell
panels.

Only solar PV panels of the same type, wattage and voltage must be combined to
Special note form one string. Solar PV panels installed in different orientations must not be
combined in one string.

3.4.5.2 Solar PV inverter

The selection of the right type and size inverter is vital for grid-connected solar PV systems. The
inverter must comply with the Electricity Regulation 1993, clauses (a) and (b) of sub-rule (1) of
Chapter 4. The inverter shall have AC voltages and frequency ratings compatible with the NEA
grid code. The nominal voltage at the point of supply is 230 V AC for single-phase and 400 Vac
three-phase line-to-line with a tolerance of = 10% and frequency of 50 Hz + 2.5%. Also, the
selected grid-connected inverter shall have the capacity of bi-directional power flow, total
harmonic distortion (THD) shall be less than 5%, anti-islanding function and power factor
within 0.8 lag and 0.95 lead at the inverter terminal.

The aim is to match the PV array size to the inverter to ensure that the system can deliver its
full power. When a system is well designed, the solar PV array’s output voltage, current and
power must be within the inverter operating range at all times. Basic considerations to be noted
while selecting inverters are:

» [tis important to avoid an undersized or oversized inverter. The former may lead to
overloading while the latter depresses the economic viability. It is recommended to choose
an inverter offering a solar PV array-to-inverter ratio of between 1-1.33 to accommodate
derating of solar PV array performance.

* The size and voltage of the string, or strings, must be within the inverter's maximum DC
input capacity and voltage range. The solar grid connected system design, estimate, and
performance manual tool in Annex 1 can provide a calculation method to determine the
maximum and minimum number of panels per input.

=  Mismatches of solar PV panels and strings with different orientations should be avoided.
However, panels facing a difference of no more than 5 degrees can be mixed, and equal
numbers of panels facing 2 directions can be connected to form an array. For example, it is
possible to connect strings of 6 panels facing east and 6 panels facing south to one
maximum power point tracker (MPPT), preferably with blocking diodes at the combiner
box.
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= |f outdoor inverters are to be installed, it is essential to select inverters with suitable IP
ratings, with most outdoor inverters rated at IP65 or above.

= |f the customer intends to install a battery bank soon or later, a suitable hybrid inverter
system should be selected. It is important to ensure that the selected inverter complies with
the NEPQA and that its AC output adheres to NEA directives.

Table 6: Inverter output specifications to be met for eligibility for incentives

Parameters I Value / Range i Regulation

230 Vac line to neutral
: 400 Vac line to line (£10%) :
Frequency : 50 Hz (£2.5%) : NEA grid code

Voltage NEA grid code

: 0.8 leading to 0.95 lagging for all
: output from 20-100% of rated output

Total harmonic distortion | +5% : IEC 61000

Power factor

3.4.6 Selecting other components

The components required for the functioning of a solar PV system, excluding the solar panels
and inverters, are collectively referred to as the balance of system (BOS). This encompasses
electrical, mechanical, and structural components. The following section details the selection
process and design considerations for the balance of the system.

3.4.6.1 Cables

The type of cable to be used is determined by the application (e.g., DC, AC, indoor, outdoor,
voltage level, etc.) and size is determined by the current considering the allowable voltage
drop. However, grid-connected solar PV systems shall have DC-rated cables for suitable
voltage and current ratings before the inverter input and AC-rated cables for suitable voltage
and current ratings after the inverter output. The calculation of cable size should be based on
its current carrying capacity while accounting for relevant derating factors. Voltage drop
analysis should also be conducted to determine if any cable size needs to be increased to
reduce the voltage drop. The cable shall be sized to carry at least 1.25 times the maximum
short circuit current on the conductors. Some of the factors used to calculate cable size are
listed below.

Current carrying capacity: The maximum continuous current that a conductor can safely carry
without exceeding its rated temperature, sometimes referred to as ampacity. Selecting an
inadequate cable size for the continuous current capacity can result in cable damage and pose
safety risks during installations.

Short-circuit temperature limit: This is the temperature that cables can adequately handle when
exposed to their maximum prospective short circuit current.

Voltage drop: The loss of voltage occurring along the cable run due to the cable's internal
resistance is known as voltage drop. Voltage drop is very significant especially when currents
are high and the voltage is low such as on the DC side of solar PV systems. It is important to
take this into account when sizing PV cables. After determining the cable size based on
maximum current carrying capacity and relevant rating, derating, and multiplication factors,
the voltage drop for the cable's size and length is to be checked. If the voltage drop is within
the acceptable limit, the cable size is selected; otherwise, the cable size is increased to restrict
the voltage drop (with a maximum allowable voltage drop of up to 3% on the AC and DC
side). DC side voltage drop shall be calculated considering the distance from the farthest panel
to the inverter input and AC side voltage drop shall be calculated from the inverter output
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point to the point of supply (connection point for NEA supply). Ensuring that the system
complies with the condition is the job of a consultant/engineer hired to carry out the task. A
template for the ToR of the consultant can be found in Annex 3.

DC side voltage drop can be calculated as follows:

IschXLXRC

Vd% =
%= 1000 x Vimy

Where,

Isc: Short circuit current

L: Length of cable route from origin to termination
Rc: Resistance of cable in ohms per kilometre
Vimp: Array voltage

Alternatively, this online calculation tool can be used to calculate voltage drop:
https://photovoltaic-software.com/solar-tools/voltage-drop-calculator-dc-ac

3.4.7 Protection systems

Solar PV systems must be protected against potential damage caused by electrical faults. They
are essential for ensuring the safety and reliability of the system. This section explains the
protection systems that are recommended.

3.4.7.1 Isolators and circuit breakers

Isolators, miniature circuit breakers (MCBs) and enclosures are crucial for solar PV systems'
safety and reliability. Proper installation and maintenance are necessary to prevent damage
and hazards. When installing isolators or MCBs or other disconnection devices, use a suitable
IP enclosure depending upon outdoor or indoor use. The switchgear should have a current
rating of 1.25 times the highest possible current in the cable. Over-current devices must
comply with IEC 60947-2 and must not be polarity-sensitive. For residential applications,
MCBs should have a voltage rating of at least 1,000 Vpc, while for commercial applications,
they should be at least 1,500 Vpc. All DC-side components must have a suitable voltage and
current rating. Outdoor equipment and enclosures should be at least IP65-rated and resistant to
ultraviolet (UV) rays.

3.4.7.2 Surge protection devices

Surge protection devices (SPDs) safeguard the solar PV system from voltage surges and transi-
ent overvoltage events such as may be caused by lightning strikes or switching. For solar appli-
cations, they are required for both DC and AC sides. Please note that surge protection devices
for DC differ from those for AC. The selection of the type also depends on the maximum con-
tinuous operating voltage, the voltage protection level and the nominal discharge current.

SPDs should be installed upstream of the devices they will protect. The number and placement
on the DC side depend on the cable length between the panels and the inverter. If the cable
length is 10 metres or less, one is sufficient which should be mounted with the inverter. Above
10 metres two devices are required, one with the panel and one with the inverter. If the in-
verter is more than 30 metres from the nearest combiner box, an extra device is required at the
DC input of the inverter.
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Figure 5: Decision tree for selection of AC side surge protection devices

3.4.7.3 Lightning protection

Notwithstanding the absence of any specific guidelines on lightning protection systems for
grid-connected solar PV systems in Nepal, solar service providers are advised to install
lightning protection that covers the area of the solar system installation. Every solar PV module
must be earthed continuously using an earthing cable of suitable size (at least 4 mm?) through
PV frames in accordance with the manufacturer's recommendations and PV racking.
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Figure 6: Example of a lightning protection system (LPS)

All grid-connected PV systems are to be connected to the earth (grounding). Any inverter with
an earth connection means the system must be grounded as well. Typically, a 10 mm? AC
cable with a 4 mm? earthing conductor is used for grounding the inverter in most situations.
However, if the inverter is a 10 kW single-phase and a 16 mm? AC cable is used instead, and
the distance from the switchboard is significant (e.g., 50 m), a 6 mm? PV array earth cable
should be used.

It is common to install 100 kW inverters in large C&l PV systems, which require a 25 mm?
earth conductor to the inverter. Without DC overcurrent protection, a 25mm? earth conductor
must be run to the array. The use of DC overcurrent protection would allow the sizing of the
earthing conductor according to the size of the active DC conductors.

3.4.8 Structures and foundations

It is crucial to design and build an array mounting structure that rests on foundations capable of
absorbing the wind load. Regardless of the installation type, it is advisable to follow the
specifications set by AEPC for standard installations, while customized designs should be done
with respect to the site conditions. It is highly recommended to seek guidance from an
experienced solar engineer to evaluate site-specific factors and develop tailored designs to
meet the requirements of the project (refer to Annex 24). Some basic information related to
solar PV mounting structures are provided below.
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3.4.8.1 Ground mount for a fixed tilted installation

The spacing between trusses shall not exceed 2.5 metres. Another truss shall be inserted
between them if the spacing is greater. The column height of the lower end of the PV panel
should be at least 0.85 metres from the ground. If the length of the purlin cannot be limited to
2 metres an additional truss shall be installed between them to ensure that the purlin does not
exceed its maximum length. All structure components should be more than 80 microns hot
deep galvanized. A tilt angle between 20 to 35 degrees should be considered, depending upon
location and site conditions.

3.4.8.2 Flat roof mount (metal or concrete)

When installing reinforced cement concrete (RCC) roofs, it is recommended to use non-
corrosive stainless steel thread studs. The studs should have a minimum diameter of 10 mm
and a length of 150 mm. Fix the studs securely using an industry-grade ready-mix mortar or
epoxy grout, etc. The spacing between roof fixtures should not exceed 850 mm or as specified
in the design.

For metal roofs, it is best to use the existing penetrations to fasten the PV racking system using
self-tapping screws. Roof penetrations, if any, must be properly sealed using silicone or epoxy
grouting. Note that roofing materials less than 0.45 mm thick are not suitable for the
installation of PV panels.

Spacing between trusses shall not exceed 2.5 metres. Another truss shall be inserted between
them if the spacing is greater. If the length of the purlin cannot be limited to 2 meters an
additional truss shall be installed between them to ensure that the purlin does not exceed its
maximum length. PV panels should not project beyond the roof ridge or the building edge. If
panels are installed at a higher tilt angle, cross-bracing for structural stability should be
provided in consultation with the structural engineer. Roofing clamps, L-feet, rails, splices, mid
and end clamps and all types of joiners (connectors) nuts and bolts should be certified to
withstand design wind speeds. Spacing between two rows should be at least twice the height of
the upper end of the front row. Online calculation tools can assist in determining the
appropriate spacing.

3.4.8.3 Slope roof mount (flush mount)

The gap between the underside of the panel and the roof should be no less than 50 mm and no
more than 300 mm. If the length of a purlin cannot be kept within 2 metres, another truss shall
be placed in between them so that the purlin does not exceed its maximum length. Proper
walkways of approx. 600 to 750 mm width should be provided for access to panels for
cleaning and service. The offset of the edge of the solar panel from the roof edge shall be 1
metre or more. The offset of the edge of the solar panel from the roof ridge shall be not less
than 2 times the gap between the underside of the solar panel and the roof. However, offsets
also depend on the width and height of the building.

3.4.8.4 Foundation requirements

The depth of the foundation for the support pillars should be 1/3 of the height of the solar
structure and no less than 600 mm, whichever is larger. Adequate foundation depth and size
should be provided as per design requirements. Finite element modelling should be used to
assess the risk of overturning of the structure due to wind load. Soil tests shall be carried out on
site to calculate the bearing capacity of the soil. A minimum value of 150 N/mm? shall be
taken as a design consideration. The strength of concrete should not be taken less than M20
MPa.

3.4.8.5 Wind load considerations

For areas that lie above 3,000 metres altitude, a minimum of 55 metres/second should be
adopted for the design wind speed and 47 metres/second sites below 3,000 metres. Accurate
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designs should consider also factors such as the risk coefficient and the ground/terrain and
topography type.

3.4.9 Quality and standards

This chapter compiles nationally and internationally practised key benchmarks for PV system
components and related services. Compliance with these helps ensure the reliability, safety,
and longevity of the solar system.

Table 7: Quality benchmarks

Descriptions i National practice standards |  International practice standard

Components

Solar panels : RETS certified

Inverter : RETS certified

Cables

: All DC cables are suitably designed
{ to minimize voltage drop (max. 3%)
: : and double sheath Copper or
DC cables i Aluminium cables. The cable shall
: : be marked “DC cable” and “Do
i not disconnect under load” at
! every 2 metres.

: All cable connectors shall be the

Cable connectors : same type from the same

: : manufacturer.
Outdoor / Indoor cable : Shall be enclosed in hard conduits
runs : and secured and sealed properly.

: Shall be run in a suitable metal

: cable tray fixed properly on the

: roof and provided with a lid to

i protect from UV rays. Cables are to
. be secured in position at suitable

: intervals. If different types of cables
i are run in the same cable tray, they
: shall be mechanically separated.

Roof cable runs

Design

: Domestic grid-connected solar
: PV systems will not be designed
for more than 1,000 Vpc and :
i non-domestic systems will not
: be designed for more than
1,500 Voc.

Design

i : Total voltage drop shall be less
Voltage drop : than 3% from the farthest PV panel
: : to the point of supply

Installation

: Shall be installed with a main DC
Isolator and an AC isolator at the
i inverter location.

Inverters to be set up as per

Installation : , .
l : NEA's requirement.
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Inverter installation spot

: Inverters shall not be installed at

: the spot of direct sunlight. All

: outdoor installation of inverters

i (even if they are outdoor IP rated at
: least IP65) shall be provided with

: owning to protect them from direct
i sunlight or water etc.

Paralleling strings

: Not more than 2 strings shall be

. paralleled in one isolator until the

: module manufacturer advises to do
i s0. When more than two strings are
: paralleled together, each string will
i be provided with suitable fuses.

Cable routing

: Cables shall be routed via the
! shortest route to minimize voltage

: drop.

Elimination of hazards

: Zero hazard measures shall be

i taken while routing cable/ installing
: cable trays, etc. where possible. If

i cannot be eliminated, tiger tape or
. special hazard signs shall be

: attached at the location.

Earthing

: All panels shall be bonded together
{ through their frame and PV racking

: and connected to the property’s

i earthing system.

Warranties

System warranty

Not less than 5 years (extended
warranty provisions apply)

PV racking

: Not less than 15 years or as
: provided by the manufacturer

Mechanical warranty

As provided by the manufacturer —
 at least 12 years

Energy production
warranty

: Year 1: not less than 2%

Every year: not more than 0.5%
: power degradation

' Year 10: not less than 88%
Year 25: not less than 82%

Installation warranty

: 5 years (while users may negotiate
: for a higher warranty period)

Commissioning and maintenance

Quality assurance

: Refer Annex 11

Commissioning of the
system

Refer Annex 12

Maintenance of the
system

: Refer Annex 13, Annex 16,
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I PART 4
ASSESSING PROJECT
FEASIBILITY

4.1 Residential systems

il Conduct a feasibility assessment of the system under consideration

(O CIEFGIEW Hire expert, facilitate site inspection, check the completion and clarity of report

(OET NN Expert with experience in the design and development of solar PV systems

Could be initiated and carried out by an energy service company that invests in and

iz peinsy owns the system and is paid by the house owner from the proceeds of savings

Approx. duration EEVECEI

SYIaiTo el NPR 10-30K

BCITEIE Annex 3, Annex 4, Annex 5, Annex 6, Annex 7

The feasibility assessment provides the owner of the building with the information required to
decide whether or not to develop the system that is being envisaged.

1) Obtain electricity bills: Obtain and share electricity bills for the past 12 months with the
expert engaged.

2) Estimate electricity demand based on the electricity bills.

3) Determine installation options: Conduct a site visit of the building to inspect the roof area
available for the installation of solar panels and in doing so determine the following:

a) The type of roof: tin, tile, concrete, etc.
) The slope (in degrees) and orientation (East, South-East, South, South-West, West, etc.).
c) The dimensions (length and width) of the roof area and prepare a sketch.
)

Any nearby structures that may cause shading of the roof and measure the distance,
direction and dimension of the shading object. Prepare a sketch of the shading object.

e) Location of the meter, distribution box, size of the feeder cable and space available for
the inverter in proximity, preferably with photos.

f) Location of NEA’s Distribution and Consumer Service (DCS) for future communication
for grid connection of the solar system.

4) Design the system: Based on the information gathered, the expert designs the system using
software (recommended) or a manual process. Refer to Table 4 for suitable software and
Annex 1 for the manual calculation method. The design should be based either on the
demand for electricity or the available roof space. This step includes the selection of solar
panels (brand and size) and the inverter.

5) Estimate electricity generation: Based on the number of panels and size, the expert
estimates the system output using software (recommended) or manual methods. Different
orientation and tilt angle options shall be simulated to get the best possible output from the
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system to be compared with the demand on a daily and seasonal basis. In doing so the
system output is estimated on a yearly, monthly, and daily basis.

6) Determine the bill of quantity (BoQ) for all components required including prices, refer to
Annex 20.

7) Prepare report: Once the system has been designed, a brief report shall be prepared
including the following minimum information. For the report, the template in Annex 7 is
recommended. The integral parts of the PFS report are provided below for quick reference.
The report shall have:

a) System size in kWp

o

)

) Brand, size and number of solar panels with datasheet with warranty information
) Brand, size and number of solar inverters with warranty information
)
)

[olNg)

Description of the panel layout, tilt angle and orientation.

@

Estimated electricity generation per year including what percentage of the current
demand this constitutes and the greenhouse gas emissions avoided

f)  Estimated cost of the system before subsidy or financial incentives
g) The amount of subsidy or other financial incentives available
h) Estimated payback period of the system

NI Take decision

Decide whether to invest in the solar grid-connected system or not based on the
(ORI investment and payback period. In the case of Yes, seek quotations for the supply,
installation, and O&M based on the design and the report.
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4.2 Commercial and industrial systems

4.2.1 Pre-feasibility study

Conduct a pre-feasibility study for the system under consideration

O LGN Hire expert, facilitate site inspection, check the completion and clarity of report

(GET (NN Expert(s) with experience in the design and development of solar PV systems

S efYaitofeeil NPR 50-100K (The cost may vary depending upon site conditions)

Alternative  Could be initiated and carried out by an energy service company that invests in and
pathway owns the system and is paid by the house owner from the proceeds of savings

I\ T WMt M 5-10 days (including travel)
ICIIIEE Annex 3, Annex 4, Annex 5, Annex 6, Annex 7
Commercial and industrial systems tend to be larger in size (10-500 kW¢) than residential
systems (0.5-10 kWp) and assessing feasibility is more time-consuming and expensive. For this
reason, it is customary to conduct a pre-feasibility study first in order to decide whether
investing in a feasibility study is promising. Technical and financial information is evaluated at

this stage, entailing a desk study with limited site visits. The pre-feasibility study should include
the following steps:

1) Determining electricity consumption: The expert determines electricity consumption
through multiple means, namely:

a) Electricity bills of the establishment for the past 12 months. This informs power
consumed through NEA, the electricity tariff and the site address.

b) To know the exact grid electricity consumption, it is recommended to install
temporarily, a datalogger on the supply side of the main switch board for a period of
one year. This will establish the daily and seasonal consumption patterns.

c) If the establishment has another source of electricity supply such as a generator, the
yearly operating hours and reason for operation shall be collected from the operator so
that it can be considered in the assessment of electricity demand.

2) Collecting site information: Site information such as the location of different service points
(including installation, and load centres) are gathered from site visits. A site map shall be
prepared that could be based on satellite information (Google maps) to specify the location
of the area considered for installation of solar panels, the electricity supply point, the
location of the meter and distribution box, and access points and other relevant structural
aspects, as applicable.

3) Collect information on the area for installation of panels: Determine the size of the
proposed installation area of solar panels. In the case of roofs, this includes the lengths,
widths and slope (in degrees) along with roofing material and support structures. In the
case of ground mounting, this includes the available area. For either option, determine the
orientation (East, South-East, South, South-West, West, etc.) along with nearby structures
that may cause shading of the area considered for solar panels, their distance, direction and
dimensions. Prepare a sketch of the shading object.

4) Preliminary sizing and design: Based on the electricity demand or the available area for
installation of solar panels, a preliminary system design shall be done using software
(recommended) or following a manual calculation process. Refer to Table 4 for a list of
software and Annex 1 for the manual calculation method. The system design includes the
selection of solar panels (brand and size) and the inverter.

5) Preliminary estimation of electricity generation: Once the preliminary system design is
known, the system’s expected generation is simulated using software. Different orientation
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and tilt angle options shall be tried to get the best possible output from the system to be
compared with the demand on a daily and seasonal basis.

6) Indicative layout: Once the indicative system size and expected generation are accepted,
the expert proceeds to determine the required panel layout as well as site layout indicating
the electricity supply point, location of the meter and distribution box and appropriate
locations for the inverter, and combiner boxes. The indicative layout aims at minimising
the cable lengths for DC currents to minimise losses and reduce costs.

7) Determining the bill of quantity (BoQ): Based on the indicative design and system size, a
bill of quantity for all components is to be prepared (Refer to Annex 20). The indicative
cost of the system shall be determined before and after potential rebates or subsidies.

8) Financial performance: In the next step, the financial performance is evaluated on a
preliminary basis so the owner knows what can be expected from the system. Key
performance indicators are the internal rate of return (IRR), the payback period and the
levelized cost of electricity (LCOE).

9) Documentation: The pre-feasibility study report should be short, clear and well-articulated,
in adherence to specific reporting requirements. A standard report template is presented in
Annex 7. If the clients require any other specific information to be included in the report.

N\EIETW Review the pre-feasibility report and take the decision

Decide on whether or not to conduct a detailed feasibility study (DFS). A detailed
(O NG feasibility study should be conducted only if the results of the pre-feasibility study
promise fair financial benefits.

4.2.2 Detailed feasibility study (DFS)

SjsTsl  Conduct a feasibility study for the system under consideration

O CER W Hire expert, facilitate site inspection, check the completion and clarity of report

=T [CNGNIAA Expert(s) with experience in the design and development of solar PV systems
Sl eyl NPR 100-200K

Alternative  Could be initiated and carried out by an ESCO that invests in and owns the system
pathway and is paid by the house owner from the proceeds of savings

JiVelol (M1l W 7-15 days (including travel)
G EICE Annex 3, Annex 8, Annex 9, Annex 10
A detailed feasibility study is a comprehensive in-depth analysis to assess the viability of a solar
grid-connected project. Parameters extracted from the pre-feasibility study are verified and
elaborated through additional assessments and documented in a report. The report should

contain precise design and technical information, a detailed financial analysis, environmental
and social impacts as well as regulatory and legal aspects of the project.

4.2.2.1 Site assessment

Site assessment involves a detailed analysis of the physical and environmental characteristics of
the location of the site. This includes careful examination and record of the roof access points,
roof hazards, roofing profile, roofing material and support structure. The size of the roof section
including their slope and orientation shall be measured using a tape measure, a tilt meter and a
compass respectively. If a sophisticated device like the Solmetric SunEye is to be used, it can
measure solar angle, resource availability throughout the season and shading, if any. The size
of any shading object and its distance from the installation roof shall be recorded. This
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information needs to be entered into the simulation software while designing a system. Key
factors to consider during a site assessment for a grid-connected system include:

1) Determining the roof size, slope, orientation, roofing material type, and profile. If the
system is ground-mounted, the structure shall be facing towards the south in 25-30-degree
slope unless the system is installed with a tracking mechanism for an optimum generation.

2) Site survey: Conducting a comprehensive site survey to assess the solar resources potential
of the location selected for solar panels. This involves measuring solar irradiance and
conducting shading analysis, either by using pyranometers, software applications or
satellite imagery. For ground-mounted systems, information on topography, soil type,
heritage and environmental aspects shall also be acquired.

3) Evaluating the structural integrity of the building and assessing its suitability for a rooftop
solar installation, including the load-bearing capacity calculations. It is also necessary to
determine if the roof requires any reinforcement or repair to support the solar panels. For
ground-mounted systems, the structure shall be installed as per the design provided by the
structural engineer.

4) Assessing the electrical infrastructure of the property/building and determining the
necessary upgrades required to support solar generation, in-house supply, and export.
Determine the appropriate inverter size and the number of panels that can be installed.

5) Checking the supply side's capacity to cater to the solar feed internally and export, such as
ensuring that the time-of-day (ToD) meter rating is sufficient to handle solar export. Verify
that the AC miniature circuit breaker (MCB) at the client's side can handle the inverter's
output, and check if the distribution box busbar has space for solar interconnection and the
size of the transformer (if applicable) is of sufficient capacity. Information on the
transmission line (like cable size, type and length from the site to the sub-station shall be
collected.

6) Identifying potential safety hazards and developing a plan to mitigate them, such as fall
protection and fire safety measures.

7) Considering local weather conditions, such as wind and snow loads, and design the system
accordingly by using appropriate mounting structures and modules.

8) Determining orientation and tilt of the solar panels for maximum energy yield. Use one of
the simulation tools presented in Table 4 to optimize system performance by modelling
under different weather conditions and adjusting parameters like panel tilt and inverter
size.

9) Conducting a shading analysis to identify potential shading sources such as nearby
buildings or trees.

10) Identifying relevant regulations and requirements to ensure that the system design meets all
necessary requirements by NEPQA and NEA directives/guidelines (refer to Annex 18).
Some of the component’s standards are not present in the afore mentioned government
templates, in such cases, IEC standards should be followed (refer to Annex 22).

11) Verifying electricity consumption: Temporary installation of a data logger to record
electricity consumption for a period of 12 months'. Analysing the data, keeping in view the
electricity bills presented and the information obtained on the operation of diesel genset in
the pre-feasibility study.

! This is an ideal condition for annual variation of electricity consumption. Such a data logger can also be installed for daily
electricity consumption records for a few days.
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4.2.2.2 Energy yield analysis

Energy yield analysis shall be performed using industry-standard software as presented in Table
4 to estimate the amount of energy that can be generated by the proposed PV system, based on
the site-specific conditions.

4.2.2.3 Verification of designed system size and simulated generation

Once onsite information is collected, the system size and design developed at the pre-
feasibility stage shall be verified and amended in the pre-feasibility report if needed. During
this stage, the solar panels, grid inverters and BOS shall be selected on their techno-economic
analysis of different components options. Once the system size and selection of panels,
inverters and BOS are finalized, a system design simulation shall be performed to estimate the
system’s energy yield using the software. If the software does not take account of shading
issues, then it is recommended to enter the parameter manually. The software’s technical,
financial and ecological information shall be presented as a part of the DFS report.

4.2.2.4 BoQ with datasheets and warranty information

Once the system design and simulation based on site-verified information is performed, an
updated BoQ shall be prepared. At this stage, details of components and the costing of each
component including eligible rebates and subsidies are outlined in the costing. The BoQ shall
include precise technical information on each component including warranty information.
Along with that a detailed technical specification sheet is required (refer to Annex 21). Also,
the costing shall include any AC side upgrades and structural assessment and upgrades if
needed, application and regulatory fees and delivery and lifting-related costs.

4.2.2.5 Financial analysis

Based on the detailed design and costing of the system, financial analysis shall be performed
using the financial analysis tool (refer to Annex 15). Financial indicators for each option shall
be presented in the report. Indicators like IRR, payback, and LCOE shall be interpreted in the
report so that investors will have a clear picture of what they are investing in. Guidance on
reviewing the detailed analysis is available in Chapter 5 of this document.

4.2.2.6 Legal and regulatory aspect

Any legal and regulatory aspects like approval from the local government (if any), approval
NEA (for solar connection, net metering and installation of meter), approval from the aviation
department if the installation falls on commercial aircraft flight paths etc. should also be
included in the detailed feasibility study report.

4.2.2.7 Environmental and social aspect

If the system is ground-mounted, the project may need to go through environmental impact
assessment and social impact study and reporting as well.

4.2.2.8 Reporting requirements

A detailed feasibility study report is a comprehensive document that provides an analysis of the
technical, financial, and environmental viability of a project. The requirements of a report vary
depending on the project's size, complexity, and specific requirements of the stakeholders. A
standard detailed feasibility study report template is presented in Annex 10 of this document.

N Review feasibility study report and take implementation decision

Decide on whether or not to implement a grid-connected solar PV project. One
(O TN GIW should consider implementing such projects if the results of the feasibility study
promise technical attractiveness and fair financial benefits.
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B PART 5
DOES IT MAKE ECONOMIC
SENSE?

The financial analysis is part of the feasibility study carried out by experts. It is difficult
for non-experts to judge these aspects. However, considering that economics is pivotal
in taking the right decision about the development of a project, it is advantageous and
even necessary for anyone seeking to develop a project to be conversant with the basic
economic aspects. This chapter thus seeks to familiarize readers with these essentials.
This will enable non-technical readers to become conversant with these aspects, enable
them to provide critical review of the options proposed by experts and take informed
decisions.

Special note

Grid-connected systems offer economic benefits by reducing reliance on fossil fuels and
lowering energy expenses for residential, commercial, and industrial users. This section
provides guidance on the financial aspects, including funding sources, and incentives. It
emphasizes evaluating relevant parameters such as operating expenses, import costs, taxes,
and subsidies, to ensure financial sustainability. The section also outlines the most important
business models for solar grid-connected systems.

5.1 Financing options

5.1.1 Equity financing (cash)
Serval options exist to raise funds for the installation and operation of the solar PV project.

= Using company liquidity: Using the company’s cash reserves or cash flow to fund the
project is known as using internal equity financing. This option does not dilute the
ownership of existing shareholders. However, using internal equity financing can also mean
that the company has less cash on hand for other projects or expenses.

» Energy service company (ESCO): An ESCO is a specialized company providing energy
services to help clients lower electricity bills, through renewable energy services and energy
efficiency. ESCO typically owns, operates, and maintains the (renewable) energy
infrastructure, while the client benefits from (clean) energy generation without the upfront
capital costs. Clients enter into agreements such as PPAs or leasing arrangements with ESCO
(refer to Annex 19), where they agree to purchase the energy generated by the system over a
specified period at predetermined rates.

= Selling shares: In this option, the company issues new shares of stock to raise money for the
solar project. These shares can be sold to investors, such as individuals or venture capitalists
in exchange for an equity stake in the company. The company can use the proceeds from
the sale of shares to fund the solar rooftop project.

= Special purpose vehicle (SPV): Another approach found in Nepal is to create a so-called
special purpose vehicle where an ESCO co-owns the SPV together with a foreign company
providing the investment. The disadvantage is that it dilutes the ownership of existing
shareholders implying that profit will need to be shared or simply reduce the company’s
liquidity.
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5.1.2 Debt financing (loans)

Borrowing money from a lender such as a commercial bank allows funding projects without
giving up ownership, albeit at the cost of regular payments of interest and principal. As of
August 2023, commercial banks in Nepal offer interest rates of approx. 10% (subject to
change) for renewable energy projects. Apart from the prevailing interest rates, rates also
depend on the risk profile of the project and the borrower’s creditworthiness. Specific schemes
tailored to the financing of renewable energy projects may exist that may have more favourable
terms than general loans, such as lower interest rates, longer repayment periods, and more
flexible collateral requirements. Eligibility criteria may apply, and the availability of such
products may change based on the bank’s risk management strategies. Thorough research and
comparison of available options are recommended before deciding. Several commercial banks
in Nepal provide financing for renewable energy projects, such as NMB Bank Limited.

5.1.3 Subsidies and grants

Involves receiving funds from a grant-making organization, such as a government agency or
non-profit, to support specific projects or activities, which may require the support of
international organizations or agencies. This type of financing does not have to be repaid, but it
may come with certain conditions, such as reporting requirements or restrictions on how the
funds can be used. Subsidies available for solar rooftop solar are briefly discussed in Chapter 2.

5.2 Fixed and variable costs

5.2.1 Capital expenditure (CAPEX)

Capital expenditure (CAPEX) refers to the costs incurred during the installation phase of a solar
rooftop project. These vary based on location, scale, complexity, equipment, market rates,
availability, negotiations, lot size, equipment quality, taxes, and transportation and include:

= Project development: Includes activities such as project planning, site selection, and
obtaining necessary permits and approvals.

» |nstallation: Includes equipment and labour required to physically install the solar panels on
the rooftop.

= Logistics: Includes transportation and storage of equipment and materials to and from the
project site.

» PV panels: Photovoltaic panels that will be used to generate electricity. The choice of panel
technology can also have an impact on costs, with monocrystalline panels typically costing
more than polycrystalline, but offering slightly higher efficiencies and better performance at
higher temperatures.

* Mounting: Equipment and materials used to mount the PV panels on the rooftop.

* Inverters: Devices that convert the DC electricity generated by the PV panels into AC
electricity.

» Balance of system (BOS): Other equipment and materials required for the operation of the
solar rooftop system, such as cabling, monitoring systems, and electrical protection devices.

= Cabling: Electrical cables and wiring are used to connect the PV panels to the inverters and
the building’s electrical system.

* Protection equipment: Equipment that protects the system, for example from damage caused
by lightning strikes.

Based on feedback from stakeholders obtained during the development of this guideline,
approximate costs were estimated for the capital expenditure per watt peak (Wp) installed in
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Nepal. These estimates are provided in the table below as a reference and should not be

considered as accurate.

Table 8: Reference capital costs per watt peak (Ws)

Type of parameter | Parameter Unit
| PV panels 36 | NPR/W
: PV combiner box 100 i NPR/W;
: Roof mounting : 9 i NPR/Wp
: DC cabling 1.5 { NPR/Wp
: AC cabling 0.6 i NPR/Wp
Unit costs Grid-connected solar inverter 15 NPR/We
i Remote monitoring 40,000 § Per unit
: Circuit breakers 5,000 i Per unit
: Energy meters 31,000 § Per unit
 Lighting arrestor 80,000 : Per unit
! Earthing rod 10,000 : Per unit
: Fuel price 182 i Per litre
Project development costs 50,000-1,000,000 Srlj)?éct
 Installation costs 4 i NPR/Wh
Other costs : Civil costs : Based on the site condition
. Logistics ~2 i NPR/Wp
: Insurance costs 0.30% | project cost
Operation and maintenance Varies from one user to another

Additionally, the business model of the project can also affect capital expenditure, as projects
operating on an operating expenditure (OPEX) based model tend to have lower overall costs.
This is due to the fact that the installer who is responsible for raising finance under this model,
recouping the investment and achieving profitability, has a strong incentive to implement cost-
efficient measures.

Rule of thumb The capital expenditure cost of grid-connected solar rooftop systems in Nepal in 2023
is in the order of 60-80 NPR per watt peak (NPR/W).

5.2.2 Operational expenditure (OPEX)

It is essential to take into account the operational cost. These vary depending on a range of
factors, including the size of the system, the quality of the components, and the location and
climate where it is installed. By carefully monitoring and managing the system, however, it is
possible to minimize these costs and ensure the system is able to provide reliable and efficient
power for the entire duration of the project’s lifetime. Operating costs arise from the following:

* Maintenance and repairs: Regular maintenance is essential to keep the system running at
peak efficiency. This may include checking the wiring and connectors and replacing any
damaged components. Any repairs that are needed should also be addressed promptly to
minimize downtime and ensure that the system is functioning properly.
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* Monitoring and management: It is important to monitor the performance of the system on a
regular basis, and to adjust settings or make repairs as needed. This may involve installing
sensors or other equipment to track performance, as well as software or other tools to
analyse data and identify potential issues.

» Cleaning and replacement of components: Over time, the panels, inverters, and other
components of the system may need to be cleaned or replaced. This can be a significant
expense, particularly if the system is large or has been in operation for many years.

= Insurance: Solar PV installations represent a significant investment, and it is important to
protect this investment with appropriate insurance coverage. This may include coverage for
damage caused by weather events or other factors, as well as liability coverage for any
accidents or injuries that may occur.

* Financing costs: If the installation was financed through a loan, there would be ongoing
costs that need to be accounted for. These may include payments for the interest and the
principal, fees, and other charges associated with the loan.

5.2.3 Business models

Business models for solar grid-connected projects vary depending on the needs and goals of
the parties involved. These models can be broadly categorized into two main types: customer-
owned and third-party owned.

= Capital expenditure (CAPEX) based model: The customer bears the upfront capital costs of
installing the solar rooftop system and owns the system.

= Energy service company (ESCO) model: A third-party company designs, finances, installs,
and operates the solar system on the customer's property, and the customer pays for the
energy produced by the system at a lower rate than the utility's rate.

5.2.3.1 CAPEX-based model

In the CAPEX-based business model the customer, typically a property owner, bears the upfront
capital costs of installing the system and owns the system. The customer then generates
revenue from the sale of excess power to the grid and from energy savings.

Advantages of CAPEX-based models include the ability for the customer to own the assets and
receive 65% accelerated depreciation in the first year of the project. This can be a significant
motivation for property owners. However, there are also disadvantages to CAPEX-based
models. One major disadvantage is that these models are typically limited to smaller project
sizes due to the high upfront capital costs that fall on the customer. Additionally, many
companies that struggle with their core business would strongly hesitate before investing part of
their equity or cash into cleaner or cheaper energy, rather than in their own business.

The target for the IRR for a CAPEX-based model is typically above 15%, and the payback
period is around 5-6 years. Additionally, some banks offer loan types that cater specifically to
solar rooftop projects, such as the NMB Bank, which only requires the solar system as
collateral. Other banks may require a personal guarantee or offer the same services.
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Figure 7: CAPEX-based model schematic

5.2.3.2 ESCO model

An ESCO model for solar rooftops involves a third-party service provider, known as an energy
service company (ESCO), owning and maintaining the solar rooftop system on a customer's
property. The customer enters into a power purchase agreement (PPA) with the ESCO, agreeing
to purchase energy at a fixed price per unit, which is typically cheaper than the tariff paid to
NEA.

ESCO models offer advantages such as significant energy savings, typically 10-30%, without
the upfront capital costs of a solar rooftop system. The Energy service company is also
responsible for maintaining and operating the system, which is beneficial for customers who
lack the technical expertise to do so themselves. However, there are also disadvantages to
ESCO models. Customers are locked into a long-term PPA with the ESCO, typically 10-12
years or more. At the end of the PPA, the customer must either negotiate a new PPA or
purchase the solar rooftop system from the ESCO at a discounted price. PPAs specify a price
per unit of energy, which is always cheaper than NEA's tariff, and include net metering
provisions for excess energy sold to NEA. The ESCO model's payback period is typically 6-7
years, but scalability limitations exist due to funding. Joint ventures between local companies
and foreign investors can be created to address this limitation.

The illustration below conveys one typical set-up for OPEX models, although other
configurations are possible, where excess energy could be sold to the utility by the consumer
instead of by the developer, for instance.
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5.2.4 Net-metering

Net metering is a billing mechanism that allows customers to feed excess electricity into the
grid and be credited for it on their utility bill. This allows customers to offset the cost of energy
they consume from the grid with the energy they produce from their own renewable energy
systems. Net metering is typically implemented through a special meter, known as a bi-
directional meter, that can measure both the electricity flowing into a customer's home or
business and the electricity flowing out to the grid.

In Nepal, net metering is regulated by NEA. The billing rate is 5.94 Rupees per kWh and will
be valid until 2024. After that, there is uncertainty regarding what the future value might be.
This uncertainty has caused most ESCO companies to target conservative sizes of projects, so
they can ensure that exported electricity will not have a significant share and mitigate the risk
of an unclear net metering regulation. For example, a 24/7 operation and a load of 5 MW, 500
kW of solar guarantee a minimum level of exports, minimizing the risk of unfavourable future
net metering regulation.

5.3 Financial analysis tools

5.3.1 Project payback period

The payback period is a crucial financial evaluation tool for rooftop solar projects. It should be
noted that payback periods can vary based on factors such as system size, location, and
available incentives. It is important to consider both upfront costs and ongoing operational
expenses when calculating payback periods. In addition to energy savings, potential revenue
sources such as government incentives or selling excess energy back to the grid should be
considered. These can significantly impact the payback period and overall project profitability.
Inflation can also affect the payback period, as rising energy costs increase the savings
generated by the solar system, while increased financing costs can lengthen the payback
period. A shorter payback period, typically 5-7 years, is more appealing to investors and
lenders. However, longer payback periods may still be viable if the project generates
significant ongoing savings or revenue. It is important to remember that payback periods are
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only one aspect of evaluating the financial viability of a solar project. Other tools such as IRR
and LCOE, should be considered for a comprehensive understanding of the project's financial
performance.

5.3.2 Interest rates

Interest rates impact the cost of financing and the profitability of solar projects. Commercial
lending rates in Nepal are currently at around 13% while some commercial banks offer interest
rates of approx.10% for renewable energy projects. This has significant implications for the
industry, as it increases the cost of financing and makes it harder for companies to secure
funding. High rates can decrease the net present value of the project and make it less attractive
to investors. It can also slow down the growth of the solar industry. High-interest rates increase
the project's overall cost and payback period, so they must be considered when evaluating the
financial viability.

5.3.3 Internal rate of return (IRR)

The internal rate of return (IRR) is a critical metric for evaluating the profitability of solar
projects. It is the discounting rate that results in a net present value (NPV) of zero, and it is used
to assess the rate of return on investment. In simpler form, IRR can be compared with the
bank’s interest rate on fixed deposits. For projects funded by a mix of debt and equity, two
different IRRs are considered: Project IRR and equity IRR. Project IRR uses overall project cash
flows (except for financing costs), and it is required to be higher than the weighted average cost
of capital (WACC). Equity IRR is an indication of the returns for the investor after the debts
have been paid off, and it is calculated using cash flows after the deduction of all costs.

A higher IRR indicates a more profitable project and a minimum IRR of 10-20% is generally
considered reasonable for grid-connected solar projects. However, the IRR varies depending
on factors such as the size of the project, the risk involved, and the cost of capital. Interest rates
from banks can affect the desired IRR for a project. High interest rates increase the cost of
capital, making it more challenging to achieve the desired IRR, while low interest rates make it
easier to achieve the desired IRR.

5.3.4 Levelized cost of energy (LCOE)

Levelized cost of energy (LCOE), represents the total cost of producing electricity (NPR per
kWh) from a solar system or an energy source. This calculation spans the anticipated lifespan
of the project and encompasses various elements, including construction, operation,
maintenance, financing, and eventual decommissioning costs. It also considers the projected
electricity output generated by the facility during its operational lifetime.

5.4 Lifecycle costing

In evaluating the financial viability of a solar rooftop installation, it is important to consider the
long-term costs and performance. Lifecycle costing and degradation analysis are critical tools
that should be utilized to optimize the overall financial performance of the project. Lifecycle
costing is a process of estimating the total cost of a project over its entire lifespan, including
both the initial investment and ongoing maintenance costs. Key components to consider in the
lifecycle costing of a solar rooftop installation include the solar panels, inverters, mounting
systems, wiring, and other electrical components. This can help identify potential cost savings
and optimize the overall financial performance of the project.

It is also important to consider the performance degradation of the solar panels over time. Solar
panels typically degrade at a rate of around 0.4-0.5% per year, which can result in a significant
decrease in overall performance. To account for this degradation, it is important to adjust
revenue projections accordingly and ensure that the project remains financially viable over its

38|



entire lifespan. The average lifetime and degradation rates of important components are as
follows:

= Solar panels have an average lifespan of 25-30 years, with a degradation rate of typically
around 0.5% per year.

= Inverters have a lifespan of 5-15 years depending upon quality and brand, with a
degradation rate of around 1% per year.

* Mounting systems have a lifespan of 20-25 years, with a degradation rate of around 0.5%
per year.

= Batteries, if included, have a lifespan of 5-15 years, with a degradation rate of typically
around 2-3% per year.

= Cables and wiring have an average lifespan of 25-30 years, with minimal degradation.

It is important to note that the lifespan and degradation rates of these components can vary
depending on factors such as the quality of the equipment, installation conditions, and level of
maintenance. Regular maintenance and inspections can help identify potential issues and
ensure that the system continues to perform at its optimal level over its lifespan.

In conclusion, considering lifecycle costing and degradation analysis are essential for
evaluating the long-term financial viability of a solar rooftop installation. Accounting for the
degradation of the solar panels and adjusting revenue projections accordingly is crucial to
ensure the project remains financially viable over its entire lifespan. Regular maintenance and
inspections can help optimize the system's performance and maximize its financial returns.

5.5 Use of the financial tool

The financial tool provided in Annex 15 is recommended for users of this guideline. The annex
shows a static preview but the tool is also available separately as a Microsoft Excel file for
actual use. Typically, solar experts use solar PV design software to estimate energy yields and
other financial parameters in the feasibility study. However, solar project planners and
developers who are not familiar with the design software can benefit largely from using this
tool. More specifically, commercial and industrial clients can evaluate the financial benefits
(IRR and payback period) of potential solar PV projects before investing in the projects.
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G EICEN Annex 23

6.1 Planning

A solar grid-connected system project requires a set of tasks to be carried out before, during,
and after the installation process. These sequential implementation steps are presented in
Annex 23 of this guideline. Depending on whether the installation is on a new site (ground-
mounted) or an existing site (roof-mounted), the site preparation process varies. For rooftop
solar installations, the preparation of the installation site commences with a preliminary
inspection conducted by an accredited designer.

It is important to create a clear view of all the steps necessary for the implementation of a
project. The steps include site identification, site assessment, design, proposal and contracting,
permits and approvals (including from the utility), procurement and installation, testing and
commissioning, interconnection, and monitoring and maintenance. The duration of the
timeline may depend on various factors such as project size, location, and its complexity.
However, a residential system (1-10 kW) may take about 4-6 weeks to complete the process, a
small to medium-sized project (10-500 kW) may take about 6-8 months to complete.

The implementation of grid-connected solar PV system installations includes choosing a
qualified contractor, obtaining the required permits and approvals, and ensuring compliance
with applicable regulations and standards. The following are the step-by-step process for the
implementation of grid-connected solar PV projects.

= Develop a comprehensive project plan that outlines the scope, schedule, and budget for the
solar installation, utilizing project management software.

= Obtain necessary permits and approvals, including pre-installation permits, connection and
net metering (from NEA), testing and certifications, and approvals from the stakeholders.

= |dentify and select a qualified and experienced solar contractor to design and install the
system, utilizing a request for proposal process.
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Develop a plan for the commissioning and testing of the system to ensure that it meets
performance and safety standards, including testing the functionality of the inverter and
other components.

Develop a plan for long-term monitoring and maintenance of the solar installation to ensure
optimal performance, including scheduling regular cleaning and inspections, and
monitoring energy production and system performance using a data monitoring system.

Develop a plan for operation and maintenance training for building staff, including regular
training sessions and providing documentation and procedures for ongoing maintenance.

Develop a plan for warranty and post-warranty support, including identifying the warranty
period for the solar equipment and securing maintenance agreements with the contractor or
a third-party service provider.

Develop a plan for emergency response and repair, including identifying key personnel and
procedures to follow in case of equipment failure or other issues.

Develop a plan for decommissioning and disposal of the solar system at the end of its useful
life, including identifying a responsible party and procedures for the safe disposal of the
equipment.

Develop a plan to track and measure the financial and environmental performance of the
solar installation over time.

Demand, site assessment and design: First step is to determine the electricity demand on site and
carry out an assessment for the potential of solar installation. This activity includes evaluation of site
orientation, PV array size and capacity, shading and structural integrity. Solar system is then
developed considering the factors and energy consumption.

1 month

Proposal and PPA contract: Af this stage a proposal is prepared outlining the project's scope of
2-3 weeks work, costs, and timeline. Once the proposal is accepted, a PPA contract is signed and the project
development process begins.

1 month Permits and approvals: This stage involves obtaining the necessary permits and approvals (if
mo needed) from NEA and other authorities.

Procurement and installation: Once necessary permits and approvals are obtained, the solar
3 months equipments are procured and the installation begins. This stage includes installation of the solar
panels, inverters and balance of systems.

7 months

Interconnection and installation of net metering: Once the system receives approval for

connection to the national grid and net metering, the NEA shall perform the interconnection and
installation net metering. The system starts generating revenue.

Monitoring and maintenance: After the system is connected and operational, it shall be regularly
monitored and maintained to ensure it continues to function correctly and produce energy at the
maximum efficiency.

Post-testing &
commissioning

Figure 9: Typical time required for implementation of a project of 100-500 kW
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6.2 Permits, approvals and VAT exemptions

The following process outlines how a developer of a solar project can import components for a
grid-connected solar PV system, obtain VAT and customs exemptions certification, and obtain
net metering if required.

6.2.1 Required certification

To receive VAT and customs exemptions for imports of solar panels and inverters, it must
comply with the NEPQA standards and RETS testing procedures. RETS conducts two types of
tests on products: the product introduction test (PIT) and the random sampling test. RETS
prepares and updates the Sampling Plan and Test Procedure based on its existing resources and
capacity. The document called Sampling Plan and Test Procedure of RETS defines the sampling
sizes and testing procedures. If a product is being imported into Nepal for the first time, it must
undergo a product introduction test at RETS, for a certificate. Once the consignment is
received, RETS performs a random sampling test by selecting some items from the consignment
and issuing a random sampling test certificate as per the RETS guideline.

6.2.2 Import, customs and VAT incentives

After receiving the PIT certificate from RETS, companies shall submit a completed application
along with a set of documents to AEPC for VAT and customs exemptions. The letters issued by
AEPC shall be presented to the customs office to obtain customs exemption.

6.3 The application process

This guideline is for grid-connected solar systems up to 500 kW. These do not require a license
to install, produce electricity, and connect to the national grid for net metering. However,
guidelines, directives and regulations must be followed during installation and operation to
ensure the safety and reliability of the system. Using the national standards, NEA’s
classification and guidelines shall be followed closely for designing and installing a solar
system. The stages that need to be completed to do a net metering are provided below.

6.3.1 Preapproval for grid connection and net metering

While preapproval is not currently required for the installation of grid-connected solar systems
in Nepal, there is a possibility that NEA or the local authorities may begin enforcing the need
to obtain pre-approval for grid connection and net metering from NEA, prior to conducting a
detailed feasibility study for solar system installations. This could simplify the installation
process and provide assurance that the system will be connected to the grid following
inspection and approval by RETS and NEA, thereby enhancing the confidence of developers,
service providers, and end-users.

6.3.2 Connection approval

After accepting a (conditional) quotation from an accredited service provider, the client or the
service provider shall apply for connection approval and for any rebates and subsidies that the
solar system might be eligible for. If needed, the client can also initiate a loan application with
a bank or other third-party financial institution. Moreover, this is the stage when the client
needs to obtain approval from the local authority (if required) for the installation of the solar
system. The permission may include but is not limited to approval from the local municipality
and permission from transportation and aviation authorities.
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6.3.3 Application for system inspection

After a solar system has been tested and commissioned, the system shall be inspected and
certified by the Renewable Energy Test Station (RETS). The report from RETS is required for the
customer to apply for grid connection and net metering with NEA.

6.3.4 Application for grid connection and net metering

Upon completion of RETS certification, the client applies to request for grid interconnection
and net metering. For this, the system must meet the grid connection requirements of NEA
directive 2078 B.S.(refer to Annex 18), NEA’s electricity distribution manual 2069 B.S. and
NEA'’s net metering guideline. The application should be accompanied by all necessary
documents as per Annex 2 and is to be submitted to the local NEA Distribution and Consumer
Service (DCS) office. NEA will then carry out a technical assessment to ensure compliance with
guidelines and regulations. If the application meets the criteria, the authority will perform the
necessary task on-site and change the meter, allowing the solar system to start generating
credits. The excess electricity produced will be sold to the grid at a fixed rate predetermined by
NEA.

6.4 Connecting to the grid

6.4.1 Regulatory permits

There are no pre-permit requirements to be adhered to before the installation of the system
except for categories stated in NEA directive 2078 B.S. However, for grid connection and net
metering, an observation certification from RETS is mandatory.

Other approvals may have to be obtained at a suitable stage before proceeding with the
installation if there are potentially affected stakeholders. For instance, if the installation is near
the airport, permission and approval from the Civil Aviation Authority of Nepal must be
obtained. Also, approval from the municipality may have to be obtained. Depending on the
size of the system, location and environmental regulations, additional permits related to
environmental impact assessments, land use, or conservation may be necessary.

6.4.2 Owner's consent

The designer and installer must obtain permits from the client to perform tasks on-site and deal
with third parties on their behalf. These include:

= Consent to visit the site; to gain access to the electrical panels and install data meters for
obtaining more accurate information on the electricity consumption; to utilize the facilities
on the property (if required) and for storage and use of equipment on the premises; to use
tools and equipment for system installation, considering the potential hazards, noise or
inconvenience they may create; for connecting the solar output to the electricity network
which includes causing supply disruptions in the process of connecting to the existing
system, for any necessary modifications, both structural and non-structural and, if
necessary, consent for relocation of facilities (such as TV antennas) and removal of
potential shading objects (such as chimneys and trees).

= Consent for land use for the installation of the solar system.

= Consent to submit applications for rebates/subsidies and obtain necessary approvals from
relevant authorities, as well as arrange inspections for grid connection and metering
purposes, and any other required communication with the authorities on the client's
behalf.
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6.4.3 Installation of meter

Once a grid-connected solar PV system is approved for connection to the national grid, NEA
endorses the appropriate net metering system and installs a meter. At the moment NEA offers
single-phase smart meters with bidirectional capacity as well as three-phase time-of-day (ToD)
bidirectional smart meters suitable for net-metering of the systems. The installed meter is under
NEA's custody since revenue-side meters (except in private PPA contracts) cannot be installed
by other parties.

6.5 Monitoring of the system

It is highly recommended to monitor the system performance and component status closely.
This helps to ensure the proper functioning of the system and the detection of faults, if any,
early on. Typically, there are hardwired communication options for onsite monitoring and
cloud-based options for monitoring from afar. Almost every inverter manufacturer has a mobile
application for monitoring the system output.

The system has now been installed and is in operation.

In case the system is self-owned, the owner performs the routine functions of cleaning
and monitoring. In case of technical problems, a qualified technician is being called in,
preferably from the same company that installed the system.

Conclusion

In case the system is owned by an ESCO, the company performs the routine functions
of cleaning, monitoring and repairs in case of technical problems.
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Bl ANNEXES

A1

#A1

Solar grid-connected system manual design and estimate tool

Calculation of demand

i Yearly electrical usage

Annexes

#A2

: Daily electrical usage

F #A1/365

#A3 | Peak Sun Hours of the site

[user input], reference value: 4.5 (3.6-6.2)

#A4 | Array derating factor

 [user input], reference value: 0.76

Measurement of available roof area

#B1

The total gross area of installation roof

#B2

Any necessary deduction for roof edge
offsets and shading objects

#B3

Area available for solar panel installation

#B1 - #B2

#B4

Flat-on-roof installation

#B5

Tilt leg installation

#B6

Net area for installation

If option #4; B3x 0.8 and if option #5; B3x 0.52

#B7
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Estimation of available system size

4C1 : Select a panel — its physical footprint and
: associated space for installation.

#C2 | Panel wattage

4C3 : Calculate the number of panels needed
: (N) that can be installed.

#C4 | Estimation of system size (kW5) : #C2 x #C3/1000

| #B6/HCT

Selection of inverter - PV array DC output shall not be more than 1.33 times the inverter’s AC output

i Tcell.eff = Ta.day+Tr.
Where:
: Tcell.eff: Average daily effective cell temperature in
#D1 | Effective cell temperature i degrees C.
Ta.day: The daytime ambient temperature in degrees C
. Tr: Effective temperature rise for the specific type of
: installation.
Parallel to the roof (<150mm standoff): +35°C
Rack-type mount (>150mm standoff): +30°C

: Ground mounted / top-of-pole mount, free-standing frame and frame on the roof with tilt angle of
: about + 20 degrees to slope of roof: +25°C.

: ftemp =1+ (y x (Tcell.ef f — Tere))
: ftemp = temperature de-rating factor, dimensionless

#D2 Temperature rise applications

4D3 Temperature derating factor : ¥ = value of power temperature coefficient per degree C.
 (typically 0.005 for crystalline cells)
: Tsrc = cell temperature at standard test conditions in

: degrees C.
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#D4 i Maximum open circuit voltage

Vmax o = Vocsre + [yv X (Tmin — Tsrc)]

Vmax o = Open circuit voltage at minimum temperature in
: volts

: Vo stc = Open circuit voltage at STC in volts

yv = Voltage temperature Voc Co-efficient, -V/degrees C

: Tsrc = Cell Temperature at STC degrees C

4D5 Min panel voltage

Vmpeey.ef f = Vmpgre + [yv X (Tcell.ef f — Tsrc)]

Where:

Vmp_cell.eff = maximum power point voltage at effective cell
i temperature, in volts.

Vmp-STC = Maximum POWeTr point voltage at STC, in volts.
yv = Voltage temperature (VmMp) coefficient in volts per °C.
Tcell_eff = cell temperature at specified ambient temperature,
: measured in °C

Tsre = cell temperature @t STC, measured in °C.

#D6 | Inverter voltage window

#D4 < Inverter input voltage < #5

#D7 Minimum number of panels per string

Where,
: Vinw.min = the minimum inverter input voltage

. . Vinv_min
Nmin_per_string =

Vmin_mpp_inv

Vrin_mpp_inv = the effective minimum MPP voltage of a

: module at the inverter at maximum effective cell

i temperature

: Please allow a 10% safety margin for the quality of solar
i cells.
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v,

Nmax_per_string = inv_max

| oc_max
#D8 : Max number of panels per string : Viny_max = Max DC voltage input of inverter

: The total short circuit current of the array does not exceed
i the max DC input current specification of the inverter.

SELECT THE RIGHT INVERTER.

Estimation of system generation

#E1 | Estimation of energy yield (daily) Esyst = Parraygspc X Total derating x PSH
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A.2 Grid connection agreement and application letter format
(Nepali)

AT o= gireer

faaRor qar Aree Jar e

[FeT TR WO/ GETRT AH|S= TR
R

CIRRCEL I

Y00 FTT AT AT TG STHATHT BIeHIeed G JUITell TS T

A.fq. 91 %1 faaRer Yueli AT Net Metering AThd a9 T |
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CRISHEE RN

faa=or qur e ot ey
...... T FAST
...... faaRor &=
fafga™... ... ... freer et Rt /ARatiaet/m.faa. feaa . . EGEI
Fe3/emaEr 9T [qa gl ahdre Afedar g N1

<u1<1c4|5 uwla Tq ?Tmﬁ—cmﬂ AR AATT JIH T8T ‘34—'-?[ qEI TS, %?r HFT
TTEREPT FEATAT IRIaR FTSHATSTHT Il +. ... ... AT &l qUH .. .. ... .. ..

Her e RuTasd/Rraias/mfaq agr 4. . . [&Ia qer s @ qhaTE

ufeamr gra K| A WW@WWE&%/W
/T ar%rra%‘cﬁwwmﬁww o) AT BTHT g% TeTRT AT A9 AT
.(W/W)Eﬁ ......... TR RreeF a9 getEE (

&Tﬂl‘cﬂ‘cﬁ A IAT AU a9 Wil RIdrdedsd A JUTEETE I g

~>

wmw-r%ﬁaﬁrqﬁf%r 0¥ FHITTH AT (a2 IO fadqzol JUTEHET Net Metering
HIRT HAFIT T 9 T&ThT AT TEHl ¥ GHHANT ATAR A7 GERIATHT g&dTeR T
wsp/ue giq ferai/faa |
TEHIATH TEe:
q  qiRwTT ¥ e
forerar & yATer SRl A AATIHT TH GEBIATHT,
(%) “IATHTedd T JUTAT” T RIEINeddh T AR FhTeTaTs (@
QTRR AT FATRIROT T JUITEAT qh v T |
(@) “YTEes” AT F.f9 9. F faea fafaad ITERT T IEd TR 99 |
(3T) “YTiIehRor” ATl J9Te (a2 ITIho TR 98 |
(%) “faaror dvs” aTer 759,97, faawer qur gt Far Meemerd aed e
gt T faaor & T FTad aREAI |
(3) "Net Metering" H=Tel FTL= I THISH AITSA (I IR T YTEehel [T
feuerl faeae! fafag T Fa=arars T&RIs |
3 AR st

T GERIAT g4 T gA1eR R AT 3| R (q%) a9 T FEH EEs |
WWW@% (T) w%maﬁaﬁmﬁggaquﬁmm
TEARIAT ATTIIFATAR JA: ATGRIT T FIpAs; |

3 eSS UM TRISH 9 Il TUER WA THINH gIs,
q) RF=IT 50 Hz

(R) ATedST T : 230 V/ 400 V/ 11 kV + 5%
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(3) HTedsT I9RH : Sinusoidal

(%) 91 B AT AUHT B Aled ol ATATAG (ATIhad) © 1%

(%) BTHIMS EqaTdT (THD): < 3%
A JoITeieht &Twa

UTEhel SIS TH HidHledd TUTATR FATH &HAT L00 a1 g Uvs | = .f4 91

TTedhesd Hleds &R ATAR ¢ ety yarse At A& FHifss sIteq eadrar
AT AT JUITeAT ST IS |

(3) 30 HreadT Y fb.ar I |
() ¥00 HreadT Y . a1, ww=T AT ¥o fo.ar. ¥ |
(3) 99000 HIHT ¥O [F.aT. Wl AT |

I qoIrelt e ¢

A JUTeATaTe YTl g JArehl Aud AT @adepl {O(Fe) Fiqerd qwal ael
TG UTEhS T YUTAT S Tl g9 | TTeehel ATHFIEl wrgd ard
JUITETeE IATEA g (el qraR HdTdey 0.5% N T 0.4 [dgeH aI=rAT g
TR AT (2@ ITaehRaTes! faaRoT YUel AT SIS sqa®dl gr=rd Tbl gAae, |
Net Metering I FqET

(%) ATEhel I [a2q TMIRRITHTATs I RIS IoH (Import) T F9T o=
TR UTeRTA YTEheATs AT T Jofl (Export) HTIhT RT Bi-directional (T (HaX
ST IS, |

(@) e/ THefes gurell gwaedl = =gaedr F.9.91.%0 [aea faara fafqasree
0% H[ FFT AY THISH S, |

e T=TE THIRT T ¢

AYAGTR SRMIT AT Fel GTH BIROTe] Tt [l grfereeeorert farere faaeor yomfersn
feIT 9aTe TVTHT AARATA &I UTgehebl W JUTATE FcATGd Sofl Tl farad
qIIeRROTATS TTedhd A=Tg TH AGHHT I7 qTqd YTeehel AITA (G ATTeheurars
& gt T T TS S |

LG I S e e L R TR L e B s e e A B e S L

AHAGNR AT AT F AT RO a1 fazra wrferepeorept farerer farawor gomfersn
AT a7 qUf STHATHT TTedhel I IAT qATs T4 AGHAT &G arqd q9rel e
FIRIERROTT UTERAATE e AAfaqid ATt T I3 & |

BRI R L e R L

Tarer fasra mfreRRTeRr W TS AHTHT STALATHT ATeehepl A JOTeraTd STl
farra ITigrerurerT fadur Yumrell Tad: AT (Isolated) SAAEATHT ATHT ITIhH FRET

SIPUT (Protection Device) Ul I e *I"qu @ |
APfE (Earthing) Fed FAT THA (Fault clearance time) TFI7E ST ¢

)




1.
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9.

9%.
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9%.

Q.
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TTEehel ATHAT ATI JUTATHT TSI g FUBUEE AY Wed / ATHR =T/ Frequency
Fluctuation T <bIXUT ﬁ.fq %:"Q'T Il Fault Clearance HY |EC/IEEE o dTebebl HIIGUE
FHINH gas |
DL 1 M S L L s
UEhel AT [ G0l JUTedrare 9T T ISAThl IAa T A9 faga
AIEATHT FET IS YT &4 ATTHT Hife HGATHT a7 AT (Gehl bl AIgATHT THTATSTH
A T e STYERT AIHT MEHATE TG AT T HURT <[GUHT I a1 ATeehol
AT e TTIeeor A9 B qI T TS o |
TR JAL FHTAAA TR G GOl AT A9Tel (e Tereporare Aeshel yTed
T T FSTeRT Q0 (FTe) FfTeTdsTvaT Sl g S |

forra Ittt fafers averll saerea
Net Metering ®Thd Il YT TR g [HIX SSTH WU UTEFesdhl AMGH Il
faferger AT SAqg=-3 aHIGHS! foed Trafrd [qaRo mad TARHT ars8s, |
feHTUg oTeep AU UTesh AUAT ATG=-3 Bl STEATHT ATALTF GRHATST T fafers
T Al |

AN &Y FA
AT GERTATAT Fooil TIRTHT FRTEEH EFHT “TIAT Wiedeb AT JOTAATE FTeT g
IS HrAfal -209%” FHINH AR g4 T Jocid A9UH FREoH SHH]
TERIATEH! SATEAT TIAT HTATFIT FHAAd I FAT THIAT 7 &8, |

ORI FHET
AT FERIAT T9 Gl fafga FeAtd Jar “Ridl Hieds A JuTATane I g
ISawatg HAfarg -:09%” fquied qg+ M A FLad T F(hs; |
JERIATH TR/ € g Haw:
WWWWW@WHW%WEqWW
TEATTHT AT FWRIAT T b AT TZ T GHaH |

TERIATHT ATTTHT FATLTETS F (a1 TTHAT YT GEATTAT faaraepl fFaqor

T |

W YHRIAT HATIIAT FHAT TAAR T QAT =7 e T 0 s |

[Frarer fasra onfureeorare afasr gre gfafafa]
[Fram waros @ /g=amEre atrer g gfafafa |

AT FERIAT T Tl GEHATT ATIHR T ATREedard dd Jodd  TRUH

qefTETR AeaeAT [Furer faaa wfaeorer dreber o5 A1 [ewatar fafq], s

EEATER T FERIAT TS |
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g qereR qware I & T FAGIR THATE

AT YSTTh G/ GEATH] ATTFRT T.fa 91 ® AfgeER YT AtheRT AH

T/ GEITHT BT FTATAART JTT

qref : qraf -

ofq dad . qrdq AfewT T AT . T
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Net Metering &I fafagasaie qTeilel

BEIENECGRIIPCTa
faaor qor UTE® 4T e
..................... faaor &
UTeehepl HTH : e &7
e de . HledT/3Med
Tfa9r ae e qUHRT | UrEhErE G WUHT G Il fafers T S (Xo) | Soliel faa | FHENE g
JST (1) KWh (X2) KWh KWh THH EICAREL
THT | gTeAehl | Fifge | g BTk | gl | I [X,=C-D] [Xsl=DXi1-{Xz] KWh (Xi= Xz) IS (X <X2)
A [A] | BT AF | [Xi=A-B] | & [C] | AF D] KWh
[B]
T+ (Peak)
T>
(Normal)
T3
(Off
Peak)

A2 TOD fHay T A9THT YTeFewehl EFAT JURIH THITHET AT AT THIAHT AT (a2 A & AN G |
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Date:

To,

[DCS name],

[Address],

Nepal Electricity Authority

Subject: Intent to apply for net metering of [user input] kW rooftop solar

Dear Sir/Madam,

We would like to inform that we have recently installed a [user input] kW solar rooftop grid-
connected system. We want to go through the process of Net Metering Application as per NEA
rules and regulations. We have attached the Renewable Energy Testing Service (RETS)
certification of the (PV) system, used solar module and grid-tie inverter with the letter, also,
attached are the single-line diagram and technical specification of the products. We seek full
cooperation from your side.

Sincerely,

(Name)

(Designation)
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A.3 Pre/detailed feasibility study ® Template for terms of
reference

Feasibility studies of Solar grid-connected system
for [Project namel
at [Addrress

1. Introduction

1.1 Background

[Provide a brief overview of the background and context for the solar rooftop project, including
its purpose and goals.]

1.2 Purpose of the pre-feasibility study

The purpose of this pre-feasibility study is to assess the viability of implementing a solar rooftop
project at /Location/Building/. The study aims to provide key insights into the technical,
financial, environmental, and regulatory aspects of the project.

2. Objectives of the study

The main objectives of the pre-feasibility study are as follows:

2.1 Assess the technical feasibility of installing solar panels on the rooftops of
[Location/Building].

2.2. Estimate the initial capital investment required for the project.

2.3. Evaluate the financial viability, including potential revenue streams and return on
investment.

2.4. Analyse the environmental impact and sustainability of the project.

2.5. Identify regulatory and permitting requirements.
3. Scope of work:

3.1 Assessment of resources
» To provide essential data for financial analysis, system design, and overall project planning

* Minimize uncertainties, improves project viability, and supports informed decision-making
throughout the project development process.

3.2 Site assessment
= Site visits and assessment of the rooftops for solar panel installation.

= |dentification of any technical constraints or limitations

3.3 Technical feasibility

= Solar irradiance assessment

= Assessment of rooftop structural integrity

= Evaluation of solar panel technology options

= Preliminary system design
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3.4 Financial analysis
= Cost estimation for equipment, installation, and maintenance
= Revenue projections, including feed-in tariffs and energy savings

= Preliminary financial modelling

3.5 Grid integration study
= |dentify potential technical challenges and constraints related to grid connection

= Evaluate the grid's ability to accommodate the variability and intermittency of renewable
energy generation

= |dentify any upgrades or modifications needed to the grid infrastructure

= Evaluate voltage profiles, power flows, and fault analysis

3.6 Economic and environmental impact assessment
= Understand, evaluate, and address potential environmental effects associated with a project

= Ensure that projects are planned, designed, and executed in a manner that minimizes harm
to the environment

= Mitigate risk by identifying potential environmental risks early in the project development
process

w

.7 Risk analysis

= Financial viability: Identify potential financial risks and uncertainties associated with the
project

= ROI Estimation: Accurate risk analysis to provide a more realistic projection of the return on
investment (ROI)

= Resource variability: To assess the variability in solar resource availability and its impact on
energy generation

= Technical risks: Risks such as equipment failures or maintenance issues that can impact
project performance and profitability

= Regulatory, market, operational and financial risk assessment

w

.8 Feasibility report

4. Team and expertise

Project lead: Oversee the entire feasibility study process, coordinating the team, managing
timelines, and ensuring that the study stays on track and within budget

Technical experts
o Solar engineer: Assess the technical aspects of the project, including system design,
equipment selection, and solar resource assessment

o Electrical engineer: Assessment of the electrical aspects of the project, including grid
integration, wiring, and safety considerations

o Structural engineer: Evaluate the structural integrity of the rooftops and any mounting
systems for solar panels

o Environmental specialist: Assess the environmental impact of the project and ensure
compliance with environmental regulations
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» Financial, legal and regulatory expert

o For conducting financial modelling and cost-benefit analysis
o Knowledgeable about local, state, and national regulations related to solar energy

projects including regulatory requirements
5. Timeline of activities
Provide a timeline for the completion of the pre-feasibility study, including key milestones and
deadlines.
6. Budget
Include an estimated budget for conducting the study, including personnel costs, equipment,
and any other expenses.
7. Reporting
Specify the reporting structure and communication channels for progress updates and final

report submission.

8. Reporting format

Title Page
Title of the Report: "Pre/Detailed feasibility study for solar rooftop project at /Location/'
Date of submission
Project name and identifier

Names and contact information of the project team and stakeholders

Table of contents:

(Include page numbers for each section and subsection.)

Executive summary
o A concise summary of the key findings and recommendations
o Highlights the project's viability and key financial metrics

o Provides a quick overview of the studies and methods

1. Introduction
o Background and purpose of the feasibility study
o Obijectives and scope of the study

o Overview of the solar rooftop project and location

2. Methodology
o Explanation of the research methods, data sources, and assumptions used in the study

o Description of data collection and analysis procedures

3. Site assessment
o Assessment of the physical site and rooftop conditions

o Solar resource assessment, including solar irradiance data and shading analysis
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o Structural assessment of rooftop support for solar panels

o ldentification of technical constraints or limitations

4. Technical feasibility

o Description of the proposed solar energy system, including panel type, inverter, and
mounting structure

o Preliminary system design, including sizing and configuration

o Analysis of system efficiency and expected energy generation

5. Financial analysis
o Capital cost estimation, including equipment, installation, and permitting
o Revenue projections, including feed-in tariffs, net metering, and energy savings
o Financial model with cash flow projections

o Sensitivity analysis to assess the impact of variables on financial outcomes

6. Environmental impact assessment
o Evaluation of the project's environmental impact, including carbon emissions reduction
o Compliance with environmental regulations

o Proposed mitigation measures

7. Regulatory and permitting requirements
o Identification of local, state, and national regulations and permitting requirements
o Status of permit applications and approvals

o Discussion of grid connection and interconnection requirements

8. Risk analysis
o ldentification and assessment of project risks (technical, financial, regulatory, etc.)

o Risk mitigation strategies and contingency plans

9. Market analysis
o Assessment of the energy market, including pricing trends and competition

o Identification of potential off-take agreements

10. Conclusion and recommendations
o Summary of key findings and conclusions
o Recommendations for moving forward with the solar rooftop project, including
"Go/No-Go" decision
11. Appendices
o Additional supporting information, data, and technical details
o Detailed financial models, charts, and graphs

o Maps, diagrams, and photos of the site and proposed system
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12. References
o List of sources, references, and data used in the report

13. Glossary
o Definitions of technical terms and acronyms used in the report
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A.4 Pre-feasibility study ® AEPC application form (if the subsidy is

sought)

Government of Nepal

Ministry of Energy, Water Resources and Irrigation

Alternative Energy Promotion Centre (AEPC)

Promotion of Solar Energy in Rural and Semi-urban Regions of Nepal

Application form for solar rooftop PV

Name of the commercial and industrial (C&l) entity:

Address:

Name of the energy service company-ESCO (if applicable):

Address:

Project location: Latitude: Longitude:
Province: District: Municipality:

Ward no: Tole: Street name:
Name of the contact person:

Position: Email ID: Telephone:

Type of industry or commerce:

Education and Health

Food and Beverage
Others C&l Entity...............

Company registrationnumber
of applicant:

Date of Registration:

PAN/VAT number of
applicant:

Turnover of Last FY (NPR):

Total number of employees: ......

Male employee: ...............

Female employee: ...............

Type of roof (Flat/Inclined):

Age of building/roof:
Years

Building height (m): ____

Roof Space in Sq. ft:____Non-shaded Roof space in Sq. ft.

Additional unused shadow-free ground space within the premises, if applicable:_Sq. ft.

Is the proposed site adjacent to or within any of the following sensitive

receptors?

YES NO
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a) Natural habitats and/ or legally protected areas (wetlands, forests, estuary,
buffer zones, nature reserves)?

b) Is the site located near airport? If YES approx. distance (km): _

Approved Load (NEA):_kVA, Transformer Capacity: kVA,
Number of Transformer: Average Monthly electricity bill (NPR)

If applicable:
Diesel fuel consumption to run Diesel Generator set (Liter per annum): ..................coo..e.
Electricity supply (kWh/year) by the Diesel Generator set, if available: ........................

Estimated Rooftop Solar PV capacity (kWp): (if known)

Government of Nepal
Ministry of Energy, Water Resources and Irrigation

Alternative Energy Promotion Centre (AEPC)

Promotion of Solar Energy in Rural and Semi-urban Regions of Nepal

Source of financing for the

proposed Rooftop PV project A) Equity (%): B) Bank loan (%):

Declaration:

I/We have studied the notice call for the Rooftop Solar PV demand application carefully and hereby
agreeto the terms and conditions put forwarded on it. I/We hereby certify that the information filled
up in this application form is correct and that if found otherwise, may result in invalidation of the
application.

Authorized Signature: .........co.ccoiiiiin
Name: ..cocoviiiiiiiini

POSItioN: ..o

Mobile Number: ........................

Date: ..oooovvviiiinill

List of documents to be submitted:

Letter of application along with the complete filled out demand form

Photos of the building and roof area where PV array is proposed to be installed
Copy of the electricity bills for the immediate past financial year

Copy of company/firm registration certificate with updated renewal

Copy of board meeting minutes showing commitment for solar rooftop PV installation
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Copy of PAN/VAT registration certificate
Copy of TAX clearance certificate of F.Y 2078/79
Copy of building completion certificate

Copy of land and building ownership document (Lalpurja), agreement between property
owner andESCO/C&I entity for using entity’s roof space.

Company profile including audit report of F.Y. 2078/79

Information for the applicant:
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From 100kWp up to TMWp solar PV array capacity.
The site must have electricity access to the national grid.

The entity shall have minimum 51% self-consumption of the annual PV energy (in case of
net metering).

Detailed feasibility study shall be conducted by applicant and approved by AEPC.

Applicant must have capacity and commitment for carrying out environmental and social
management measures.

Subprojects in disputed property will not be eligible, ownership and access rights must be
clearly defined.

Comply with the Environmental and Social Management Framework (ESMF) and
Stakeholders Engagement Framework (SEF) of the project.
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A.5 Pre-feasibility study ® Template

Grid-connected solar system site survey format for rooftop project

Information to be collected Value/data

General information

Date of survey

Name of institutions

Address

City _

Latitude/Longitude of site ............. °N, oo, °E

Surveyed by:
Checked by:

Describe the customer’s aspirations/expectations for installing a solar grid-connected system:

Information to be collected [ Value/data

No. of roofs

Roof type — RCC, Gl sheet, etc.

What are the items installed on the roof that
could obstruct solar module installation?

Usable area for installation of solar modules
(sg.m)

Age of the roof (years since construction)

Accessibility to the roof

Load bearing capacity

Building(s) orientation

Roof(s) type - pitched/slant roof .............................

Roof(s) orientation .............................

Roof(s) tilt angle .............................
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Roof(s) material

Roof(s) age

Roof structure - material, load-bearing capacity

Accessibility and convenience to work on the
roof

Assess potential sources for near and far
shadow

Shadow from trees and vegetation

Shadow from other buildings

Shadow from the natural landscape in hilly
areas

Maximum wind velocity

Environment: dust, pollution

How is the building separated from the roof?

Activities under the roof

Are there any flammable materials inside?

Space available for the installation of inverter

Load details — List of appliances and working
hours

Peak load, day and time

Average monthly expenditure on electricity bills

Details of standby power supply system, if any

Average monthly expenditure of standby power :

supply system, if any

Location of balance of systems equipment

Health, safety and environmental risks
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Photo of the roof from the site
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Roof measurement with tentative dimension in mm
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A.6 Pre-feasibility study ¢ Due diligence checklist

Pre-feasibility study (PFS) due-diligence checklist

Please give a score between 0 and 4 for each question.
Yes, this aspect is fully satisfied _

Yes, this aspect is mostly satisfied |3
Yes, but some important information is still missing 2
Yes, but much important information is still missing 1

No, this aspect is not fulfilled

Points

Do you have all the essential data required to assess the project?

Is the Demand/PFS form properly filled?

Are the data sources reliable and are the data collected of good quality?

Is the information on the site location adequately provided?

Is the information on roof space adequately provided?

Is the information on site location within sensitive receptors provided?

Is the information on the electrical system (e.g., transformer size, approved load etc.)
adequately provided?

Is the estimated solar PV capacity provided?

Is the information of the financing source adequately provided?

Have all supporting documents mentioned in the demand form provided?

Total points

Recommendations Points
PFS is satisfactory with definite conclusions on the way forward 32-40
Please collect more data and information 20-31
PFS is not satisfactory, thus not approved ‘ 0-19
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A.7 Pre-feasibility study ® Report format

Pre-feasibility study of
[Site name]

Solar grid-connected system

Project title: [Title]

Project code: [Code]

Date: [Date]
Prepared by Submitted to
[Company name] [Organization name]
[Company address] [Organization address]
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List of separate attachments submitted along with this report:

i) NEA electricity bills for the last 3 years
i) Load list
iii) Software simulation report

Glossary
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EXECUTIVE SUMMARY

Describe briefly in half page the design and outcomes of the pre-feasibility study. The
Executive Summary should include the key information of the studly.

Paragraph #1

i.  Site location
ii.  Information about the project site, owner’s djscretion
iil.  Information on how the data for the pre-feasibility was obtained

Paragraph #2

i.  Current sources of electricity used
ii.  Estimated load and energy demand scenario (short-term and long-term)

Paragraph #3

i.  Land/roof space availability for the solar array, powerhouse and power evacuation
approach

ii. System description (solar array capacity, inverter ratings, system architecture)

iii. Estimated annual energy production and savings

Paragraph #4

i.  Total system cost
ii. Cost of electromechanical system, powerhouse and power evacuation
iii. Indicative financial and economic analysis like NPV, IRR and payback period

Paragraph #5

i.  Conclusion
SITE DETAILS

Location

Describe the location of the site and provide information about,

i.  Site address (Rural municipality/municipality, district and province)
il.  Site coordinates
iil. Registered business and nature of business

Site access

Describe the accessibility of the site. Provide information about,

i.  Access route description (vehicle access, type of road/path e.g., earthen, gravel, black
topped (mention accessibility month-wise, etc.)
ii.  Name and distance from the nearest city and airport

Ownership and source of fund

Describe the ownership modality and funding mechanism or the business model. Provide
information about,
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i.  Owner/Co-owner and model (CAPEX, OPEX/ESCO)
ii. Indication of funding mechanism and involved parties’ contribution (if known)

Security

Describe briefly the security aspects of the site area from the perspective of the solar grid-
connected system that is to be built. Provide information about,

i.  Security of solar array location (remote observation is acceptable)
ii.  Security of powerhouse location (remote observation is acceptable)

Telecommunications and internet access

Describe coverage of mobile network and internet access.

Climate
Describe the climate of the region based on data trends obtained from reliable sources (such
as, nearest weather stations, Meteonorm software, etc.). Provide information about,

i.  Graph on annual temperature trends

ii. ~Graph on annual precipitation trends

iil. Any information provided by the client regarding extremities in climate and weather-
conditions like flooding, landslide, lightning, etc.

Current sources of electricity

Describe the current sources of electricity used by the facility. Provide information about,

. Type and technology of the electricity sources, their capacity
ii.  The energy mix scenario when new source is added

SITE ASSESSMENT

Solar array location

i.  Estimated land/roof area, ownership details, GPS coordinates, topography, orientation
and azimuth, near and far shading (if known), slope and land/roof type, etc.

ii. Should have a general assessment of usability with respect to natural calamities such as
floodss, landslides, lightning, etc.

Photo suggestions

i. Any photo of the roof or ground where the solar array can possibly be located

Powerhouse location

i.  Estimated area available/allocated area, ownership, GPS coordinates, topography,
orientation, current use of the designated area, slope and soil type, etc.

ii.  Should have a general assessment of usability with respect to natural calamities such
as floods, landslides, etc.

731



Annexes

iii. Distance between the power generation and the evacuation transmission line which
may be 400V, 11KV, or the substation for larger projects

Photo suggestions

. Any photo of the powerhouse where the power conditioning units can possibly be
installed

LOAD AND ENERGY DEMAND ANALYSIS

Daily load and energy demand analysis

Describe the analysis done for estimated daily load demand analysis.

TECHNICAL DETAILS OF SOLAR GRID-CONNECTED
SYSTEM

Design summary

Describe and summarize the selection, sizing, ratings, system architecture, estimations and
assumptions, and calculations used to come up with the perceived design in a short paragraph
as well as in tabular form.

System architecture

Present a block diagram and explain the significance of the system architecture chosen for the
project. Explain its advantages with respect to the design and the project parameters.

Energy generation

Present the energy generation scenario using manual calculations, forecast energy generation
based on the report produced by using software such as PVsyst, homer, etc. and an online
database of irradiance for the specific site location. Use graphical representation to present sun
path diagrams, GHI, losses, monthly energy generation profiles, etc.

Shading analysis

Near and far shading

i.  Clearly mentioning the criteria, formula, tools etc. used in determining the shading
analysis

ii. - Shading analysis for the proposed array over the period of 12 months with December
22nd data in focus, simulations (if needed)

Solar PV array

i.  Module specifications used for calculations, drawings, and analysis
ii. The sizing, design, distribution, and positioning of solar PV array within the facility
along with coverage area
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Module mounting structure

i.  The type of material proposed, its strength, advantage, selection procedure and other
technical parameters and specifications must be clearly mentioned

On-grid inverter(s)

i.  Must include the selection criteria, design basis, and calculations including losses
related to the inverter sizing and selection

ii.  Must include specifications relevant to design and selection

iil. Must choose inverter citing compatibility to the other selected components

iv. Must represent the distribution of modules with respect to array size(kW), string sizing
calculations, etc.

v. Describe a proprietary or third-party online monitoring system compatible with the
system

Power evacuation plan

. Must include a description of the power evacuation plan from the facility

SAFETY CONSIDERATIONS

i.  Any measures that must be taken for the safety of the system including PV array,
powerhouse, power evacuation units etc. must be clearly mentioned

BILL OF QUANTITY AND COST

Electromechanical system

i.  BoQ for the proposed system with the breakdown of major components must be done.
Other items of the balance of systems can be lumped together

ii.  BoQ for services and goods must be separated

iil. Vatable and non-vatable items must be distinguished

iv. Currency used must be in NPR with commas as a separator

FINANCIAL ANALYSIS

Source of funds

i.  Indicative sources of funds may vary in %, cash or kind from different sources. All the
sources of funds must be clearly mentioned and stated in tabular form accompanied by
a narrative.

Financial indicators

i.  Financial indicators such as IRR, Payback period, LCOE, Cashflow diagram, ADSCR,
litecycle costing, etc. must be calculated and presented

ii. Ifthe financial indicators don’t produce the desired results, possible business cases and
solutions must be devised and presented
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iii. For clarity and better understanding, graphs, charts and flow diagrams must be used
along with tables and figures to showcase financial indlicators

iv. In the case of the ESCO model, the PPA rate within the parties must be taken as a
reference for calculation. However, PPA for net metering issued as per the directives for
net metering by NEA must be considered depending upon the modalities of operation
agreed upon

CONCLUSION

Provide a summary of the system architecture, per unit cost reduction potential, project cost
and outcomes of the economic analysis to showcase the profitability to the users of the system.

ANNEX
Software simulation report
Load list

Site photos (if available)

76|



Annexes

A.8 Detailed feasibility study ® Template

Solar grid-connected site survey form

Version 3, 14 February 2023

Note to surveyor: Please take as many photographs as possible, GPS location tagging and videos of the
project location specific to the sections in the form below (for example, solar array location,
powerhouse, power evacuation location etc.)

K88 - take photos g = record the GPS point(s) (@, = use measuring tape

Tools required during the survey

p@o

GPS device O
Measuring tape (>50 meters) O
Power analyser O
Mobile phones with camera, calculator, angle meter O
Pen and notebook O
A3 printout of google map/field papers with positions of the facility, etc., (for 0
easy layout of site details)

Civil and architecture drawings of the facility O
Suitable mobile application to find and record sun path diagrams for 12 0
months

Documents to be collected from the site Checklist

NEA electricity bills for the last 3 years O
Diesel generator set log sheet for at least 1 year (3 years preferred) ' O
Distributor side statutory requirements, limitation, capacity O
Single line diagram/Electrical as-built diagram of the whole facility |
Site load list (list of all the electrical equipment with ratings) O
[Insert] O

The following section gathers data about the selected site and related information which will be helpful
in planning and designing the system and operational modality.

Location information

Name of the
Organisation/Customer

Key contact person : Name: : Contact no.: : Email:
Tole name Ward no.:
Village/Town
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Rural
municipality/Municipality/Me
tro-Sub metro :

District

Province

Nature of business

: Yes O : No O

Facility expansion plans  If yes, mention details:
Which mobile network works O NTC O Ncell O Others:
best? 5
Geographlcal coordinates of | Latitude | Longitude ' Elevation |
the site f :
Temperature range : Minimum (°C) : Maximum (°C)

. O CAPEX . O OPEX/ESCO

Preferred model i
1O Others (mention):

General information

Study team
SN Name Designation Phone no. Signature
1.
2.
3.

Ownership

(Information from the Commercial/Industrial facility)

Probable ownership of the

system (tick all that apply) O Self-owned O Installer O Third party(mention):

Probable management of the
system (tick all that apply)
—
: Remarks
Contribution (NPR) (if % share is applicable,
indicate here)

O Self-managed O Installer O Third party(mention):

Source of project funds
(estimated)

Subsidy (mention the donor
agency) e.g., AEPC

Contribution from the
beneficiary
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PG/LG contribution

Third-party contribution

For OPEX/ESCO, contribution
from developer

Financial institutions-Fls

(loan/equity)
In the case of loans from financial institutions (FI)
Name of FI :  Interest rate per annum Term period (years)

Loan/credit experience

Does the organization have
prior loan/credit experience? :
For purchase of diesel ' O Yes O No
generator, online UPS, solar PV
system, etc.

If yes, for what purposes was
the loan taken?

-
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Site accessibility

Name of the
road up to the
facility

Is the road
motorable
(From the road-
head to the
project site)?

O Yes

If yes, road type: O Asphalt coated

O No

O Gravel

O Earthen

If no, mention the means of access (E.g., Walking, two-wheeler only etc.):

If access to the

Type of vehicle access: O 22ft truck
: O Hand-held tractors

: Name of the nearest motorable road from the site:

O Tractor

O Pickup trucks

L . Distance from the site to the nearest accessible road: Km
site is NOT :
motorable
: Time taken to reach the nearest motorable road (From the site):
i hours
Road type: O Asphalt coated O Gravel O Earthen
J : Accessible O Jul i Accessible O
i Januar - i Ju :
y : Not accessible O y : Not accessible [J
: Accessible O : Accessible O
i February ] i August )
: Not accessible O : Not accessible [J
Indicate the March : Accessible O  Seotemb : Accessible O
i Marc : i September
months when : Not accessible O | >ep : Not accessible O
the site is . ; -
accessible/not Apri Acce55|b|e. O  October | Acce55|b|e. O
accessible : Not accessible O : Not accessible O
: Accessible O : : Accessible O
i May ] i November i )
: Not accessible O : : Not accessible [J
: Accessible O : : Accessible O
i June ! ) i December i )
: : Not accessible O : : Not accessible [J
_ : Name of the airport:
What is the :

nearest airport?

: Walking distance from the airport to the site:
: Estimated time for porter to reach the site:

Km
hrs.
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(The purpose of the collection of this data is to guide anyone who wants to
reach the site by enquiring with the dwellers)

Describe
directions to the
facility (for
example,
landmarks, key
directions)
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The following section gathers information on the electricity demand of the facility, existing energy
sources scenario etc., vital information for designing the type and size of the system.

Electricity demand, plant operation and current energy source information

Current source of electricity

(Please use extra sheets, if required)

SN Type of energy source
Primary source i Transformer
1. i (E.g., national (kVA) 0 1- phase [ 3-phase
grid) Load
(Ampere)
Secondary
> source (E.g., c ]
© | diesel apacity O 1-phase O 3-phase
generator) (kVA) P P
Non-utility
generation (If
any-e.g., Capacit
biomass (kVpA) y O 1-phase O 3-phase
3 gasifier)
System size PV inverter
If solar PV (kWp) size(k\W/Phase)
system Battery size Battery inverter size
(kWh) (kW/Phase)
Other sources
4. i (E.g., UPS Capacity
battery backup) i (kvA/kWh) 0 1-phase 0 3-phase
If yes, mention the schedule:
5. Doesg POWEr O No O Yes
cut exist?
Average outage time (Hrs.):
Diesel Capacity Fuel Usage (hours)
generator (DG) : (kVA) consumption/hour : per day Per week i Per month
6. i DG 1
DG 2
DG 3
5 Changeover Automatic O
" itype Manual O
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Operation hours/days

Is the plant

operational for 365 i [ Yes : O No (provide details):

days? 5
' Sunday . O 24 hours D12hours | 1 Others (mention)
oot tion):
: Monday : 0 24 hours : O012hours ers (mention)
Do tion):
: Tuesday : 0 24 hours : O012hours ers (mention)
‘Dot tion):

Days : Wednesday i 24 hours i O012hours ers (mention)
Thursday O 24 hours 012 hours | 0 Others (mention):
: Friday i O 24 hours i O012hours Others (mention)
: Saturday i O 24 hours i O012hours Others (mention)

The following section gathers information to access solar PV potential and assessment of location used
for designing and installation of solar mini grid at the given location.

Assessment for solar grid-connected design

Solar photovoltaic energy assessment

Winter (shortest day)

Summer (longest day)

Sunrise

(above horizon)

: Sunset

: (above horizon)

: Sunrise

(above horizon)

: Sunset
: (above horizon)

Are there any obstacles on the
horizon during sunshine hours
throughout the year or on
seasons? (use PV application for

sun path diagrams)

EYesI:I

ENOD

 If no, describe the time and
: hours of shading:
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Identify the location for solar panel considering the following criteria:

N\ Parameters ! Value !

Solar array and powerhouse location

South-facing roof/land with maximum sunlight
Free from tall trees, buildings, and obstacles (no shading)

Safe from exposure to chemicals, and industrial waste, not falling on the right of way

Permanent structures with the capacity to lodge distributed static loads

Near the powerhouse

The powerhouse must be chosen in such a way that it lies close to the solar PV array

location (Advocate the beneficiary on the benefits and risks of having a powerhouse at a

farther end)

Structure analysis of the roof designated for installation of solar PV modules (Visual

inspection as well as analysis report)

Solar PV array location

Remarks

For ground mount type installation

Is the feasible land area

! available? YesD No D
2. i Type of land : Own O  lease O
: Total land area available
302
Lano! facing direction (if £ WO N O sO
4 applicable)
Azimuth angle 0
In the case of lease, land Yes [ No O
: lease agreement tenure?
5  If yes, agreement timeline cars
(in years) y
Land lease amount/year NPR/year
6 : Pictures :
i Exact PV array location ; r ;
: Taken O : Not taken O
; : GPS coordinates of the ' N E
" i exact array location D —
g Free from shading from all ' Yes [ ' No O
: directions
Flat O
: : Inclined land O
9. i Type of land available : Damp area O
: Rocky area O
: Others (Mention):
: Is any noticeable wind :
: blowing observed?
10. i Describe, if any mishaps i Yes O : No O

i occurred due to extreme
: wind in the past.

Mention (if any):




Annexes

For roof mount type installation (use extra sheets if required)
Roof 1 Roof 2 Roof 3 Roof 4

Height of the roof from the
ground (meters)

Ownership of the roof (self/rental)

In case of lease, lease agreement
tenure (years)

Land lease amount/ Year
(NPR/year)

Age of the roof and relevant
structure (years)

~Slope (degrees)

Accessibility to the roof YesONoO :YesONoO : YesONoO Yes O No O

Free from shading from all

. . Yes 00 No OO YesONo O { YesONo O Yes OO0 No OO
directions

Planned future expansion of the

roof Yes 00 No OO YesONo O { YesONo O Yes OO0 No O

Is this roof considered for

installation purposes? Yes OO No O YesO No O : Yes O No O Yes O No O

Will roof penetration be allowed
(with proper sealants for water YesONoO :YesONo[O :YesONoO Yes O No O
proofing)?

In case of more than 1 roof

*

Roof 1 i Type: Orientation: Total Area (m?): Use an extra sheet to draw
the perimeter and shape
*

Roof 2 | Type: Orientation: i Total Area (m?): Use an extra sheet to draw
the perimeter and shape
*

Roof 3 | Type: Orientation: i Total Area (m?): Use an extra sheet to draw
the perimeter and shape
*

Roof 4 i Type: Orientation: Total Area (m?): Use an extra sheet to draw
the perimeter and shape

. . *Use an extra sheet to draw
. . 2y.

Roof 5 | Type: Orientation: Total Area (m?): the perimeter and shape
*

Roof 6 | Type: Orientation: i Total Area (m?): Uge extra sheet to draw the
perimeter and shape
*

Roof 7 i Type: Orientation:  Total Area (m?): Uge extra sheet to draw the
perimeter and shape
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Powerhouse location

Should the powerhouse be

Yes O (Space for construction will be availed)

1. constructed? i NoO
: Distance of powerhouse
2. i from the solar array Meters
i location
: Total area allocated for )
3. m
: powerhouse
.  Inside the facility O
i Allocated powerhouse ;
4. area : Open ground [ i Allocated area (e.g.,
basement/warehouse):
In the case of a lease, land Yes O
i lease agreement done? i NoO
5 i ?
If yes,'for how many years? years
(mention)
: Land lease amount/year NPR/year
! Pictures :
6. i Exact powerhouse location : ;
i Taken O i Not taken O
: GPS coordinates of the ' :
7. i proposed powerhouse N E
i location : :
:  a. Existing cable trench [
' Underground via . 2. Existing cable trenc
: i b. New cable trench 0
: Overhead via existing poles i Using new cable trays in the
0 : buildings O
8 : Cable route plan (from PV i Overhead using existing cable trays on the exterior part of the
" {array to PH) : building O
' : Overhead using existing cable trays on the interior part of the
: building O

Both underground and overhead OR others (explain):
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Power evacuation plan and others

SN ltems
L . L O/P
1. i Existing transformer size kVA i I/P voltage(kV):
: voltage(kV):
2. Metering Type of meter used: Rating:
. Termination point 1: Value: __ohm
Termination point 2: Value: ___ohm
: Termination point 3: Value: __ohm
N . : Nos. of : . . :
3. i Existing earthing . ) i Termination point 4: i Value: ___ohm
; earthing pits: g
: : : Termination point 5 : Value: ___ohm
Termination point 6: Value: ___ohm
Termination point 7: Value: __ohm

4. Lightning arrestors

Nos. of lightning Arrestors: Type:

Existing AC distribution
: boards

Distance from the

Rated voltage(V):

powerhouse(m): :

Capacity: kVA Type of circuit breaker used:
Presence of SPDs Yes O No O
The presence of an extra slot : No O

; , i Yes O
i for connection
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Sketch the overall project layout including solar array location, powerhouse, power evacuation points, existing relevant civil and electrical
infrastructures, etc.

For example

Transformer
Factory
e i North
70 meters X Qr

1 100 meters
Poverhose < ( ”Sm%

AG distribution box

88 |



Annexes

Sketch the roof layout plan, size, perimeter, and shape.

wmBw )

10 meters

For example
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The following section gathers information about loads and energy demand and consumption
scenarios within the facility which will be used for designing the system.

Use of power analysers

(Use a 3-phase power analyser to record the following, download the data from the logger in the format obtained from the
logger to process for further use)

72-hour load profile(weekdays), 48 hours

(weekends or scheduled office/factory closure) Done O Not done O

72-hour power and energy profiles-real, _ _

apparent and reactive power consumption,

power factor etc. (weekdays), 48 hours Done U : Not done O
(weekends or scheduled office/factory closure)

Major load list
(Use extra sheets, if required)

SN Load Quantity Es;?v:etfd T:vtjr _ Usage hours
oads (A ?fv\n;)ag)ﬂ (Cp=AxB) (Over a 24-hour period)

1. E.g., Motor (3-phase) 2 20 40 9 AM-1 PM

2. : : : f

3.

4.

5.

6.

7.

8.

9.

10. §

11.

12.

Total power demand (kW)

Available at site Rate
(Yes/No) (NPR/day)

SN Type of labour Remarks

1. | Unskilled

2. Skilled (Mason)

: Solar technician/Electrician

i Electrical engineer

S Bl I

: Porter
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Checklist

SN Description Remarks
: Pictures of the area allocated for solar PV

1. iinstallation (all the designated roof/total TakenO Not taken
t land area) 5 :

5 Pictures of the area allocated for the TakenDl Not taken[d
i powerhouse

3 Picture of the existing main AC distribution TakenDd Not taken[]
: board

4 Plctqre of the land/roof lease agreement (if TakenDl Not takenDd
i applicable)

5 sPiltceture of the road condition to reach the TakenD] Not takenC]

6 Picture of the transformer and existing TakenDl Not taken[d
i meter

7 Other relevant pictures to be used for TakenDd Not taken[]

i design and installation

Construction materials cost

Place of availability

SN Materials and distance from Rate/unit Comments
: site (km) :

1. Stone

2. Brick

3. éSand

4. Aggregate

5. Bamboo

6. Wood

7 : Cement (53

. grade, OPC/PPC)

: Steel bar/TMT
: rod

9. Binding wire

10. Diesel cost

11. Others
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Additional information

Remarks (any other
relevant information)

Name of the consultant: Name of the beneficiary representative:
Date: Date:

Signature: Signature:

Phone number: Phone number:
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A.9 Detailed feasibility study ® Due diligence checklist

Data
availability/Quality

Design and analysis

Oper
ation
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Detailed feasibility study (DFS) due-diligence checklist
Please give a scoring between 0 and 4 for each question.
Yes, this aspect is fully satisfied -
Yes, this aspect is mostly satisfied
Yes, but some important information is still missing 2
Yes, but much important information is still missing

No, this aspect is not fulfilled -

Points

Do you have all the essential data required to assess electrification options?

Is the DFS report in an acceptable standard format?

Does the DFS include an on-site survey to collect site-specific data?

Are the data sources reliable and are the data collected of good quality?

Were interviews conducted with other parties to collect site-specific data?

Were the beneficiary's needs and capabilities considered during site-data
collection?

Is the accessibility to the site location adequately described?

Is the nature of the facility/institution adequately described?

Is the current reliability of grid electricity and information on other generation
sources adequately described?

Are the locations of major system features (solar array and power conditioning
equipment) defined with evidence of permits (for example, meeting minutes)?

Are sufficient natural resources (land, solar energy) available?

Is the energy audit satisfactory?

Are all the components of the system defined in detail with adequate justification?

Is the map of the system in the facility/institution provided (array location, power
conditioning equipment etc.)?

Are adequate photos of the site provided?

Avre the risks of the project adequately assessed and options for mitigation
presented?

Is a detailed bill of quantity and costs provided with justification of rates?

Are all technical drawings, specifications sheets, single-line diagrams, site layouts,
etc. provided?
Is the economic and financial analysis of the project provided?

Is the assessment of environmental, safety and social aspects provided?
Is the justification for the system the best technical and least-cost option given?

Is the operation and maintenance plan described?

Is the operational model of the project adequately described?

Is there a definite conclusion that deems the project feasible or not?

Total points
Recommendations Points
DFS is satisfactory with definite conclusions on the way forward 80-96
Please collect more data and information 48-80

DFS is not satisfactory, thus not approved 0-48
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A.10 Detailed feasibility study ® Report template

Detailed feasibility study of
[Site name]
Solar grid connected system

Project title: [Title]

Project code: [Code]

Date: [Insert date]

Prepared by Submitted to
[Company name] [Organization name]
[Company address] [Organization address]
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List of separate attachments submitted along with this report:

i) NEA electricity bills for the last 3 years

i) Load list

iii) Software simulation report

iv) Powerhouse layout drawings

v) Structure analysis calculations and report
vi) Equipment datasheets

vii) Single line diagram

viii)Site map layout (Google Earth .kml file)

ix) Diesel generator log sheet for at least 1 year

Glossary
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EXECUTIVE SUMMARY

Describe briefly in one page the design and outcomes of the detailed feasibility study. The
executive summary should include the key information of the studly.

Paragraph #1

i.  Site location
ii. Information about the project site, owner’s djscretion
iii. Date when the on-site survey was carried out

Paragraph #2

i.  Current sources of electricity used
ii. Load and energy demand scenario (short-term and long-term)

Paragraph #3

i.  Land/roof space availability for the solar array, powerhouse and power evacuation
approach

ii. System description (solar array capacity, inverter ratings, system architecture)

iii. Annual energy production and savings

Paragraph #4

i.  Total system cost
ii. Cost of electromechanical system, powerhouse and power evacuation
iii. Financial and economic analysis like NPV, IRR and payback period

Paragraph #5

i.  Major project risks and mitigations
ii. Conclusion

SITE DETAILS

Location

Describe the location of the site and provide information about,

i.  Site address (ward number, rural municipality, district and province)
il.  Site coordinates
iil. Registered business and nature of business

Figure suggestions

i.  Bird’s eye view of the site with boundary marking

Site access

Describe the accessibility of the site. Provide information about,

i.  Access route description (vehicle access, type of road/path e.g., earthen, gravel, black
topped (mention accessibility month-wise, etc.)

ii. Observations on vicinity coverage and implications on the delivery of equipment (if
any)

iit. Name and distance from the nearest city and airport
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Photo suggestions

i.  Bird’s eye view of the site location within a few hundred meters of ground elevation
ii. Bird’s eye view of the site location showing pinned site location and nearest city

Ownership and source of fund
Describe the ownership modality and funding mechanism or the business model. Provide
information about,

i.  Owner/Co-owner and model (CAPEX, OPEX/ESCO)
ii.  Funding mechanism and involved parties” contribution
iit. Financial institutions and loan experience of the project owner (if applicable)

Security
Describe the security aspects of the site area from the perspective of the solar grid-connected
system that is to be built. Provide information about,

i.  Security of solar array location
ii.  Security of powerhouse location

Photo suggestions
. North, South, East and West view of solar array location
ii. North, South, East and West view of powerhouse location

Telecommunications and internet access

Describe coverage of mobile network and internet access. Provide information about,

i.  Best mobile carrier name and internet service provider

ii.  Type of mobile data connection (for example, calls only, 2G only, 3G only, 4G, etc.)
iii. Reliability of mobile network

iv. Nearest facility with internet access and its distance from the powerhouse

Climate
Describe the climate of the region based on data trends obtained from reliable sources (such as
nearest weather stations, Meteonorm software, etc.). Provide information about,

i.  Graph on annual temperature trends

ii. ~ Graph on annual precipitation trend's

iii. Notes from DFS regarding extremities in climate and weather- condlitions like flooding,
landslide, lightning, etc.

Current sources of electricity

Describe the current sources of electricity used by the facility. Provide information about,

i.  Type and technology of the electricity sources, their specification and capacity
ii. The energy mix scenario when a new source is added
iii. Location of the main distribution panel and distance from the powerhouse
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iv. Remarks on electricity infrastructure at the site (for example, location for powerhouse

built/exist, cable trenches/trays available, transformer size needs upgradation, etc.)

User perspective

Describe the observations and findings from the survey and based on the discussions with the
user. Provide information about,

I

I17a

/il
v.

V.

Awareness of the users about solar grid-connected systems (for example, knowing that
the system is only meant for use to reduce the electricity bills during sunshine hours
only and would not have any backup)

Willingness for long-term agreement, understanding tariff mechanism in comparison
with NEA

Willingness for kind and cash contributions if needed

Any technical/financial/regulatory concerns regarding the solar grid-connected project
Knowledge on solar grid-connected net-metering system

Local/Provincial government perspective

I.
A

Willingness for financial contribution if needed
Facilitation of net metering services with NEA

SITE ASSESSMENT

A

111

Solar array location

Must include the available land/roof area, safe roof access pathway, ownership details,
GPS coordinates, topography, orientation and azimuth, near and far shading, current
use of space, permissions for use, slope and land/roof type, roof-wise area calculation
for solar PV installation, wind loading, height of the roof from ground etc.

Should have a general assessment of usability with respect to natural calamities such as
floods, landslides, lightning, etc.

Structure analysis report for roof mount type installation, safety from exposure to
chemicals, industrial waste, etc.

Photo suggestions
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v.

Bird’s eye view of obtained data and site with boundary markings
Photos of each building and its roof or ground area where the solar array will be
installed

Powerhouse location

Must include the available/allocated area, ownership and permission, GPS coordinates,
topography, orientation, current use of the designated area, slope and soil type,
structure analysis, etc.

Should have a general assessment of usability with respect to natural calamities such as
floods, landslides, etc.

Should have assessment related to safety from exposure to chemicals, industrial waste,
elc.

Oversee and present if the allocated location is suitable with respect to distance, cable
route, space for air vents or if air conditioning is required.

Distance between the power generation and the evacuation transmission line which
may be 400V, 11KV, or the substation for larger projects
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Photo suggestions

Bird’s eye view of obtained data and site with boundary markings.

Existing infrastructure

Describe any existing infrastructure that the system can utilize. For example, existing power
poles, cable trenches, cable trays, transformers and their ratings, number of earthing present,
earth resistance, earthing termination points, presence of lightning arrestors and SPDs, etc.

Photo suggestions

Bird’s eye view of obtained data and existing infrastructure that could be used in designing and
installation of upcoming systems.

Environmental and social assessment

i.  Information about environmental impacts, potential biodiversity impacts and socio-
economic impacts resulting from the installation of the system with a degree of
adversity

ii.  The total boundary covered by the project and its impact on natural habitats,
vegetation, culture, settlement, social coercion, etc.

iii. Project’s impact on indigenous people, their lifestyle, use of resources, livelihood,
livestock, water source etc. along with information about loss of forest/trees to avoid
shading in the solar array must be included

Photo suggestions

Bird’s eye view of obtained data and site assessment along with any adversaries that were
observed during the DFS stage must be attached here.

LOAD AND ENERGY DEMAND ANALYSIS

Daily load and energy demand analysis

Describe, draw, calculate and show in tables and graphs the daily load demand analysis for a
24 hours time period to establish a relationship between the obtained data and the design
parameters.

The data collected by using power loggers should be presented with information about active,
reactive, apparent power, power factor, observations related to voltage, current spike, total
energy consumption, maximum load demand, etc.

TECHNICAL DETAILS OF SOLAR GRID-CONNECTED
SYSTEM

Design summary

Describe and summarize the selection, sizing, ratings, system architecture, standards, formulas
and calculations, assumptions and derivations used to come up with the perceived design in a
short paragraph as well as in tabular form. Graphical representation of the energy mix scenario
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ng the energy consumption from the national grid, solar PV systems, and diesel generator

systems.

System architecture

Present a block diagram and explain the significance of the system architecture chosen for the
project. Explain its advantages with respect to the design and the project parameters.

Energy generation

Present the energy generation scenario using manual calculations, forecast energy generation
based on the report produced by using software such as PVsyst, homer, etc. and an online
database of irradiance for the specific site location. Use graphical representation to present sun
path diagrams, GHI, losses, monthly energy generation profiles, etc.

A
1.

A

111

Single line diagram

Will include labelling of the project name, system size, cable sizes, and all the
component sizes including MCBs, SPDs, etc. along with the legend

Must represent the array, inverter, switchgear configuration, etc.

Each component used in the SLD must be recognized well despite its size, and the
quality and printing layout must be maintained for A3-size paper

Site layout

Overall project map layout using CAD inclusive of PV array, powerhouse, evacuation
point, termination units, elc.

Measurements of data related to the size, topography, terrain, soil condition (where
applicable), etc. and plotting them using CAD or similar software

The presented data and drawings must fulfil the need of serving the purpose of
tendering proceedings

iv. Separate drawings and descriptions for powerhouse, civil structures, land levelling

A

requirements and standards, roof structure, wind loading analysis report, etc.
Shading analysis

Near and far shading

Mention the criteria, formula, tools, etc. used in determining the shading analysis
Shading analysis for the proposed array over 12 months with December 22nd data in
focus, simulations (if needed)

iii. Each row of the proposed array should have its shading analysis done and projected,

I7a

and calculations and results for inter-row spacing must be shown clearly

Solar PV array

Module specifications used for calculations, drawings, and analysis
The sizing, design, distribution, and positioning of solar PV array within the facility
along with coverage area

iif. Sizing, design, and placement of combiner boxes, relevant accessories, power

1021
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Module mounting structure

. Must include a sample drawing for the envisaged module mounting structure

ii. Calculations related to wind loading requirements, changes sought after in the rooftop
space/civil foundation requirements, information about required penetrations and drill
holes, size of vertical legs, purlins, braces and struts, rafters, base plates, joints, mid-
clamps, end clams, etc. must be presented

iil. For rooftop installations, proper sealing, waterproofing of surfaces using grouts, etc.
must be mentioned

iv. The type of material proposed, its strength, advantage, selection procedure and other
technical parameters and specifications must be clearly mentioned

On-grid inverter(s)

. Must include the selection criteria, design basis, and calculations including losses
related to the inverter sizing and selection

ii.  Must include specifications relevant to design and selection

iil. Must choose inverter citing compatibility to the other selected components

iv. Must represent the distribution of modules with respect to array size (kW), string sizing
calculations, breakers and isolators sizing to be placed before MPPT input terminals
etc.

v. Describe a proprietary or third-party online monitoring system compatible with the
system

Powerhouse

i.  Must include the drawings, specification, and civil components description including
fencing requirements (if any)

ii. Must include plan and side views showing tentative placement of envisaged equipment

iii. Must include details regarding construction materials, structure analysis, PCC, roofing,
doors and windows with proper ventilation, foundation, etc. meeting statutory
regulations, standards and requirements for civil construction, design, and drawings

iv. Mention if existing space adhering to the requirements of the system will be provided

Power evacuation plan

. Must include a table with a summary of design, lengths, conductors used, accessories
used, poles, insulators, lightning arrestors, transformer sizing and specification
wherever necessary, elc.

ii. Must include main distribution panel capacity and ratings of circuit breakers used, extra
slot for connection, metering arrangements, etc. Basis of selection of cable types-
underground (armoured), overhead outdoors (UV), etc.

iif. Must include the requirement for additional units of switchgear, SPDs, transter
switches, etc. for seamless operation of on-grid inverters

iv. The evacuation plan will be accompanied by drawings and layout fit for A3 size paper
indicating all the components used, powerhouse, evacuation plan, route plan,
termination guidelines, specification of components used, etc.

v. Detailed specifications and meter type used or to be used must be produced as per the
agreed standards and regulatory requirements set by NEA
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v.

A

117,

A

111

A

Il
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Cables

Cable sizing for DC and AC cables must be done and presented. Formulae used for
calculation must be included

Different cable types and sizes must be proposed for different sections. E.g., UV cable
of suitable diameter for outdoors, flexible multistrand cables for DC side, XLPE for AC
output, etc.

The type of cables e.g., Single core, three core, etc. must be mentioned and a chart of
cables used in the SMG must be presented

AC, DC, and communication cables must be distinguished and labelled well in the SLD

Others (MCBs, SPDs, AC/DC combiner boxes, etc.)

MCB:s sizing and calculations must be shown. Difterent MCBs for each string (string
breakers), DC MCBs for the DC side, AC MCBs for the AC side and appropriate circuit
breakers on the output must be designed as per the site conditions and detailed
specifications including the class, type, etc. must be mentioned. All the accessories
must comply with the agreed standards and guidelines.

SPDs are major components thus, SPDs as per the agreed SLD and requirements in
each PV, DC and AC termination points must be designed including the class, type and
standards.

AC/DC combiner boxes must be sized in such a way that a multiple number of cables,
isolators, SPDs, fuses, etc. could easily accommodate and if necessary, more than 1
combiner box must be proposed. They must comply with the agreed specifications and
standards. The combiner box must be chosen to meet the IP standards for outdoor and
indoor applications accordingly.

Cable routing plan

The cable route must be shown in the overall electrical layout diagram to and from the
array, the powerhouse and the evacuation location

The shortest possible route without compromising the laying of cables overhead,
underground, etc. as per the site condition must be proposed

The use of cable trays, cable baskets, ducts and conduits of appropriate size chosen in
a way to avoid stress and strain in the cables must be proposed, specific to the indoor
and outdoor conditions and applications

Protection equipment

Lightning arrestors

Lightning arrestors (LA) must be proposed in such a way that they cover the total area
occupied by the solar PV array as well as the powerhouse. If one LA is not enough, 2
LAs or more must be proposed.

The grounding of LA must be mentioned along with its termination points and
specifications. The type and ratings of LA must adhere to the agreed specifications and
standards.

All the accessories used in LA including down conductor, pole, etc. must be clearly
specitied with ratings
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Earthing and SPDs

i.  Total numbers of earthing as per the design and site conditions must be mentioned.
Clear instructions about its connection and termination points must be mentioned.

ii.  The type of earthing proposed, its specification, installation standard, and details about
the accessories used in earthing must be mentioned clearly

iii. Must mention the sought-after earth resistance and ways to attain the value complying
with the agreed specification

iv. Along with the earthing, earthing test pits must also be considered, and size, and
specifications related to earthing pit must be provided in detail

SAFETY CONSIDERATIONS

. Measures that must be taken for the safety of the system including PV array,
powerhouse, power evacuation units, etc. must be mentioned

ii. Measures that must be taken for safe roof access

iil. Precautions and measures such as fencing, operation and management authority, safe
handling and safe use of appliances must be mentioned

iv. Other safety measures that were recorded from the DFS stage must be mentioned in this
section including but not limited to operational safety adhering to relevant points from
Occupational Health and Safety Management System (OHSMS) manual

SITE CLEARANCE

i.  The need for site clearance and its impact must be mentioned in the report

ii. Basics of site clearance covering the total project area that could be breached during
the installation phase must be clearly instructed

iil. The originality of the project area must be retained and the ways to protect, amend or
preserve the original condition of the site must be explained in points so that they can
be referred to during the bidding and execution phase

OPERATION AND MAINTENANCE

i.  Describe whether the institution already has technical resources that can be
capacitated for O&M of solar grid-connected systems
ii. Describe water access near the solar PV array for effective system performance

BILL OF QUANTITY AND COST

Electromechanical system

i.  Detailed BoQ for the proposed system with the breakdown of each component must be
done

ii.  Detailing in the BoQ should be such that, if possible, every component used such as
the breakdown of distribution boards and its components, MCBs, MCCBs, busbars, elc.
must be proposed in specifics instead of lump sum

iil. BoQ for services and goods must be separated

iv. Vatable and non-vatable items must be distinguished

v. Currency used must be in NPR with commas as a separator

vi. The basis of rate for each component/ rate analysis of components that are available
within djstrict rates published by GoN must be considered
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FINANCIAL ANALYSIS

Source of funds

i.  The source of funds may vary in %, cash or kind from different sources. All the sources
of funds must be mentioned and stated in tabular form accompanied by a narrative

Financial indicators

i.  Financial indicators such as IRR, Payback period, LCOE, cash flow diagram, ADSCR,
litecycle costing, etc. must be calculated and presented

ii. Ifthe financial indicators don’t produce the desired results, possible business cases and
solutions must be devised and presented

iii. For clarity and better understanding, graphs, charts and flow diagrams must be used
along with tables and figures to showcase financial indicators

iv. In the case of the ESCO model, the PPA rate within the parties must be taken as a
reference for calculation. However, PPA for net metering issued as per the Directives
for Net-metering by NEA must be considered depending upon the modalities of
operation agreed upon.

CONCLUSION

Provide a summary of the system architecture, per unit cost reduction potential, project cost
and outcomes of the economic analysis to showcase the profitability to the users of the system.

ANNEX
Load list
Software simulation report
Rate analysis for each component used
Powerhouse layout
Detailed drawings of components
Power evacuation plan and layout
Site photos

Product datasheet
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A.11  Quality benchmark compliance checklist

Quality benchmark compliance checklist

Descriptions Remarks

Is the system residential and design DC voltage not more than 1,000

i Yes 00 No O
L;;:ef%sétg\r;\? commercial/Industrial and design DC voltage not more Yes [ No [
:Eg)cyooeiz ttziatlo?tal voltage drop on DC and AC side not exceed more than Yes 0 No O
Labelling and signage provided as needed? Yes O No O
Are inverters installed indoor or outdoor? Indoor 0 ; Outdoor O
_ Both O

Are outdoor inverters appropriately IP-rated? Yes O No O
Are the inverters installed on north facing wall? Yes O No O
Are the inverters provided with ownings? Yes O No O
All dissimilar metals shall be properly separated. Yes O No O
All cable connectors shall be the same type from the same ' '

Yes [ No O
manufacturer.

All DC cables are suitably designed to minimize voltage drop and
double sheath Copper or Aluminium. The cables marked “"DC cable” Yes O : NoO
and "Do not disconnect under load” at every 2 meter. 5 5

Components warranty: 10 years as provided by the manufacturer Yes O No O
Components warranty: 5 years as provided by the manufacturer Yes O No O
Cables enclosed in hard conduits Yes O : NoO

Cables run in a suitable metal cable tray fixed properly on the roof and

provided with a lid to protect from UV rays. Cables secured in position
at suitable intervals. If different types of cables are run in the same cable
tray, they are mechanically separated. '

YesO | NoO

Not more than 2 strings are paralleled in one isolator until the module i :
manufacturer advises to do so. When more than two strings are Yes O No O
paralleled together, each string is provided with suitable fuses. : :

Cables are routed via the shortest route to minimize voltage drop. Yes O : NoO

All panels bonded together through its frame and PV racking and

connected to the property’s multiple earthed neutral (MEN) system. Yes U No [
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A.12 System testing commissioning and handover format

Installation, commissioning and handover checklist for solar PV on-grid systems

Date:

Commissioning engineers’ information

Name

Email

Phone number

Signature

Project stakeholders

Design

Engineering

Installation

Post-installation check

Maintenance

Other

Key recommendations

Priority

SN Components affected Recommendation level

: Assigned to

10.
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Customer information

Contact name

Address

Phone number

Email

Installation and commissioning information

Date of commissioning

Place

Describe the weather conditions

Key indicators of solar PV system

Total annual generation (MWh) ............................................... (P75)

Specific annual output (kWh/kWs/year) ...............................................

Performance ratio (%)
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Grid information

NEA grid connection type
(Single phase, three phases)

Incoming grid voltage (V)

Numbers: ..................

Number and size of transformers P T2

Institution operating voltage (V)

Average monthly electricity cost (NPR)

Describe the average frequency of grid
downtime per day

Describe the duration of grid downtime

Peak load of institution

Describe the load-test performance of the system by observing it for a day. Write your
observations and findings below.
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Rooftop solar PV on-grid site information

Site address:

Latitude: Longitude: Elevation(m):

Describe the weather conditions:

Solar radiation and time of measurement: .................. W/m?; Time: ..ol

Is the site located in a disaster-prone area?
(For example, the possibility of landslides, earthquakes, floods, etc.)

On a scale of 1-5, how accessible is the roof?

|:| Very easy I:l Easy |:| Moderate |:| Difficult

[ ] Verydifficult

Describe the access to the roof: .....coiiiiii
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Electrical checklist

Individual module specification

SN [tems Units Observations Remarks

1. Manufacturer

2. Model no.

3. Rated power peak Watt

4. Open circuit voltage \

5. Short circuit current A

6. Rated voltage \

7. Rated current A

9. Efficiency E;;EZ??;
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Draw a basic layout of panel placement showing each block relative to each other.

NT
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PV array block information

Is there
shading
on any
panel of
the
block?
(Yes/No)

Block in front Block Behind Azimuth Panel to
(Mention which block ;i  (Mention which  } (with i Panel

Panel _ |
i arrangement | specification i angle of
spacing (Landscape or (RCC, sheet metal t||t in
(mm) portrait) roof, tiled roof, etc.) degrees

lies in front of the | block lies behind | reference to
block you are { the block thatyou | true south)

specifying) i arespecifying) | Degrees
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Solar panel checklists

String specification

{ Circuit | Open | ; Cable |
No.of | No.of P i Grounding i Cable i labelling i Continuity ;

Panel back
Breaker i Circuit | Voltage :{ Current i temperature
Rating | Voltage ! (Vimp) (Imp) !

(A) P (Ved

Str. ID: panels in panels in

i Connection | insulation { (Phaseor i check
Series i parallel

(Yes/No) (Yes/No) neutral) E(Ok /Faulty)% (Degree

Celsius)
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DC circuit breakers
Total number of DC fuSes: ...cveveeireiiiaeinn..
Total number of DC MCBS: «evvveveiiiiiieinn. .

Measurement/Visual

e Remarks

Description

Check whether the MCB is

1. Location/Placement placed in a safe location.
: Junction box L If indoor: min. IP54

2. : . : )
i protection type i If outdoor: min. IP65
: Check for any physical

3. i Physical damage i damage, over-heating, or
: i faulty breakers.

Input and output Check for the continuity

4. P - i between the input and
side continuity } output side
5 SPD in each DC Check whether SPD is given
: input i in each DC input
6. Rating of SPD Rating in ampere
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On-grid inverters

Manufacturer and model number: ...

Max. efficiency/European efficiency (%): ..o
The number of inverters used: ...........coooiviiiiiiiiiiiii
Maximum OutpUt CUITENT: ...ttt A

Maximum iNput CUITeNt: ........oooiiiiiiiii A

IPrating: ....oooooiiiiiiii

Rated output VOItage: ......cuvuiniiiiiiii e \

Input side

Measurement/Visual
data

Description

i Check whether the inverter is
: i placed in a safe and dry place
1. i Location/Placement i with proper ventilation. Check
: i the manufacturer manual for
i detailed specifications

i Inspect for any physical

i damages. Ensure that the
inverter is in proper working
i condition

2. Physical damage

3. Continuity tests OK/Faulty

4. i Cable shoe : OK/Faulty

: Input side :
5. i disconnection i OK/Faulty
: device '

6, : Ground fault L OK/Faulty
i monitoring :

: DC reverse polarity

7. i ) t OK/Faulty
: protection 5

g Inverter.ground | OK/Faulty
i connection 5

9 : Surge protection

! rating
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Output side

Measurement/Visual
data

Description

i What kind of connection does
i the terminal have? For

Annexes

Remarks

1. Connection type i example, screw terminals, ring
i terminals, fork terminals, etc.)
. : The inverter manual has specific
2. Clearance of inverter | instructions to mount :
3. i Continuity tests : OK/Faulty
4. i Cable shoe : OK/Faulty
5 : Output side L OK/Fault
" i disconnection device Y
6 | AC sho!'t circuit L OK/Faulty
i protection 5
v Frequency of output Check the frequency of the

: signal

i output signal
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Draw the connection arrangement of the inverters
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Individual inverter specifications
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Draw the SLD of the system clearly showing the incoming grid and the solar tapping point
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AC combiner box

Description

Measurement and
observation

Annexes

Remarks

1 : Placement/ : Is the AC combiner box
" i nstallation i installed securely?
Grounding of AC i Check whether the AC
2. i biner b i combiner box is
i combiner box i properly grounded.
How many AC :
: i connection points are in
. i the combiner box? Are i
3. AC inputs i there any live
: i connection points left
i exposed?
: Measure the i
! Instantaneous i instantaneous voltage in i
. i the combiner box and
4. VOltage in the AC i ensure that it doesn’t
combiner box i exceed the rated value
: i of the combiner box.
i Ensure that the
: Instantaneous i measured current
5. icurrentinthe AC i doesn't exceed the i
i combiner box i rated current capacity of i
i the AC combiner box i
. i Single-phase or three-
6. Combiner box type  phase
IP rating of the box. For
: i indoor minimum IP54
7. i Protection rating i rating is necessary and
: i for outdoor minimum of '}
: i IP65 rating is needed.
8. MCCB ratings kA
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Cables
DC cables checklist

Cables from solar panel to DC combiner box

Cable

| Neutral | : : -

| vie | 2| ooy | Nl || G020 R

| E : i termination | (Conduits,
materials Cable trays or

Cable

ECabIeto Phase wire
from | i

i i i  Armoured/ |
i (DC Breaker i Manufacturer i i colour code

H H O H 0 i
(String ID/ D) i Unarmoured i colour i cable | material | of cores:
Panel ID) i others;
! ! i i i i i specify)
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Cables from DC combiner box to inverter

Cable

from | Cable to ! Manufacturer

(DC Breaker (Inverter ID)
i () i

Annexes

_ Cable
Phase wire Nt | Size | o ductor | Number | C2Ple | Routing

colour Code wllre i oof i onduc Tr fum er. { termination | (Conduits,

?c:jur | cabl material | of cores: | © S " | Cable trays or
ode i 3

others;
specify)

Armoured
narmoured i
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AC cables checklist

Cables from Inverter to AC Breakers

i Phase Neutral |
i Cable from | Cableto | : Armmoured | wire | wire | Sizeof{ Conductor | Number

Cable
termination
materials

N\ Manufacturer

(Inverter D) | (BreakerID) | { /Unarmoured i colour | colour i cable { material | of cores:
: : : code : code : :
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Cables from AC breakers to AC combiner box

s s s Neutral i s
. Cable from | i Armoured/ | Phase wire colour { wire { Sizeof | Conductor | Numbero

Cable
termination
materials

i  Manufacturer : ; f ; . :
(Breaker ID) i i  Unarmoured code | colour | cable | material | cores

code

SN
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Tap-in point information

Annexes

Incoming grid voltage i \
Transformerrating MVA
Transformer low voltage rating i L, \
Transformer high voltage rating ~ § . Vv
Circuit breaker rating A
Voltage at tap-in point i \Y
Current through tap-in point ~ { A
Current transformer (CT) rating e
CTratio

o sabilzar s sad, mention the sabilzer | .. wa
Capacitor bank capacity i kVAr
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Control room

Annexes

Size of the room (length x breadth x
height)

Construction type

Plastered/Unplastered
RCC/Sheet metal roofing

Is the room partitioned or not? If yes, then

what is the material used for partition
(brick wall, aluminium, etc.)

Remote monitoring unit (RMU)

Is the remote monitoring unit in-built in an
inverter or external?

If external, mention the name of the
manufacturer and model.

Is the RMU based on WIFI or GPRS?
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Roof details

Slope

Direction of slope

Type of roof

Describe the walking space between blocks for
O&M

Panel mounting structure

Type of structure: (RCC, steel frame, aluminium, etc.)

Clearance between the roof and back of the
panel (mm)

Mounting structure type (Adhesive type, nut bolt type,
welding type, etc.) :

Avre all structures bolted/adhesive secure?
(Yes/No)

Panel O&M checklist

Describe the panel cleaning mechanism. (Manual,
robotic, others. Specify) :

Are there dedicated people for the O&M of the
project? If yes, please mention their name.

Is there availability of the O&M manual?
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System performance

1. If an online monitoring system is available, extract electricity generation data for a 72-
hour period and conduct an analysis in reference to the design.

2. If an online monitoring system is not available, use a power analyser to record
electricity generation data for a 72-hour period and conduct a performance analysis in
reference to the design.

Method chosen:

| Data from online monitoring
O Data from the power analyser
Dates for which system data was obtained: from ....................... (0 TN

Present the data in charts in the project completion report.

Comments on system performance during the checks:

Annex
Photos
At least, include photos of,

i.  Solar array
ii.  Power conditioning equipment
iii.  Combiner and distribution boxes
iv.  Earthing pits with visible connection points
v.  Energy meter
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Documents

= Equipment datasheets

= As-built engineering drawings

= Single line diagram

» Snapshots of the as-built site map

= Snapshots of the site map demarcating locations of the solar array, power conditioning
equipment and the distribution board

IN WITNESS WHEREOF, the Parties hereto have executed this handover of the system stated
above as of date [dd/mmyyyyy] first above written.

For and on behalf of For and on behalf of
[Owner/User] [Installer/Contractor]
[***] [***]

[Position] [Position]

[Witness 1] [Witness 2]
Name/address: Name/address:
Signature/date: Signature/date:
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A.13 Service contract agreement format

Operation and maintenance contract — Template

Disclaimer

This model contract is developed by GIZ for Nepal. GIZ POSTED project in Nepal has
modified the content of this document to suit Nepal’s national regulatory requirement. This
model contract can be used as a template from which a specific agreement can be developed.
As with any model contract, the parties will need to finalise and tailor it to their specific
situation and circumstances and the commercial agreement that the parties are looking to
document. Any interested parties are recommended to obtain legal, tax and technical advice to
adapt the document for each specific situation. While to the maximum extent possible the
authors of these Guidelines have attempted to provide legally correct information, the
document or its authors and publishers cannot be held legally responsible for its full accuracy.

The authors or publishers will therefore not be held liable regarding any business losses,
including without limitation loss of or damage to profits, income, revenue, production,
anticipated savings, contracts, commercial opportunities or goodwill.

Anybody using these templates is highly encouraged to provide feedback to GIZ on any legal
or regulatory changes they may be aware of, as well as the application and interpretation of
them. Feedback on the general usefulness of this document is also much appreciated, in order
to improve future versions.
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ROOFTOP SOLAR OPERATION AND MAINTENANCE CONTRACT

This ROOFTOP SOLAR OPERATION AND MAINTENANCE CONTRACT (the “Agreement”) is
made on [¥**]

BETWEEN

1. [***]2 a [[limited liability/joint stock] company incorporated in Nepal, with personal
account number (PAN) [***] 'issued on [***] by the Department of [***] of [***] and
whose registered office is at [***]] OR [a [***] citizen, holding ID Card No. [***] issued
on [***] and residing at [***] (the "Project owner"); and

2. [***]3 [a [limited liability/joint stock] company incorporated in Nepal, with personal
account number (PAN) [***] issued on [***] by the Department of [***] of [***] and
whose registered office is at [***] (the "O&M contractor")

(Each of the project owners and the O&M contractor is hereinafter referred to as a
“Party” and collectively as the “Parties”). *

WHEREAS:

A. The O&M contractor is engaged and experienced in the business of operating and
maintaining rooftop solar PV systems.

B. The project owner wishes to engage the O&M contractor to operate and maintain a
rooftop solar PV system at the Site and the O&M contractor agrees to be engaged by
the project owner for these purposes, on the terms and conditions of this agreement. >

IT IS HEREBY AGREED AS FOLLOWS:
1. DEFINITIONS

1.1 In this agreement, words and expressions shall save as the context otherwise requires, have
the following meaning:

“Annual operating and maintenance schedule” has the meaning given in Clause 8.1.

“Bi-directional meter” means the alternating-current meter installed as required by the utility
for connection of the solar PV system to the grid and for the purposes of the utility PPA.

“Business day” means a day on which commercial banks are open for business in Nepal and
excludes any Saturday and public holidays in Nepal.

“Confidential information” has the meaning given in Clause 29.1.

' As a general comment, all sections shown in square brackets are to be modified by the parties based on specific
circumstances and/or to be completed with the details pertaining to the parties’ situation.

2 Name and details of the project owner would be included here.

® Name and details of the O&M contractor would be included here. This template has been prepared for use by a O&M
contractor being either a domestic Nepalese company or a 100% foreign owned Nepalese subsidiary providing the services
to a Nepal-based project owner. Further points to be noted based on this: (i) all prices in this agreement must be stated in
Nepalese rupee and cannot refer to foreign currency or adjusted based on any foreign currency exchange rate; and (i) the
governing law must be the laws of Nepal.

4 Parties to input specific details including, incorporation/registration number, and registered address in respect of the O&M
contractor and the project owner, if it is an enterprise, or personal details for the project owner in the case of this contract
being used for installation at a residence.

® This is a general background to the contract and should be able to be applied to any circumstance without any need to be
amended. However, additional background to the transaction can be added as appropriate.
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“Contract year” means the date from the effective date to the date being twelve (12) months
after such date, and/or each succeeding twelve (12) month period thereafter until termination
of the agreement.

“Corrective maintenance” means corrective maintenance activities to be carried out by the
O&M Contractor on detection of any breakdown or malfunction of the solar PV system
including but not limited to:

returning the solar PV system to a safe state;

b. undertaking any reset, repair, of the solar PV system or component thereof replacement
and/or other work related to the operation of the Solar PV System where such work has
been identified as reasonably necessary by observation in the course of Preventative
Maintenance activities, through notification by the Project Owner, or has or should
have been identified by the O&M contractor acting in accordance with the standards
expected of a reasonable and prudent operator;

c. attending to any failure or malfunction of the solar PV system or component thereof
and carrying out repairs or replacement as necessary and in accordance with the O&M
manuals, the manufacturer and supply warranties and any other applicable
manufacturer’s recommendations, guidelines, specifications, instructions and warranty
conditions published by the relevant manufacturer from time to time;

d. providing any standard equipment and/or standard tools that may be required to
perform the O&M services;

e. taking specific actions to remedy any breakdown or malfunction of the solar PV system,
consequential faults and/or incidents relating to the solar PV system;

f. evaluation and diagnosis of the reason for the relevant breakdown or malfunction of the
solar PV system;

g. management of the spare parts;

h. ensuring in accordance with this agreement the proper functioning of the solar PV
system following any repair or maintenance work done thereto.

“Disclosing party” has the meaning given in Clause 29.1.

“Effective date” means the date of signing of this agreement.

“Energy output” means the electricity generated by the solar PV system measured in kWh.
“Event of force majeure” has the meaning given in Clause 23.1.

“Governmental authority” means any statutory authority, government department, agency,
commission, board, court or other institution in Nepal authorized to make Laws.

“Grid” means the local electricity distribution network.
“Insolvency event” means in respect of a person any of the following:

a. an inability to pay debts as they fall due or presumed inability to do so;

b. for a body corporate, any corporate action, or any other steps, and/ or legal
proceedings have been started or threatened against the Person, for its liquidation or
bankruptcy or the appointment of a liquidation committee, team of receivers or similar
officer or officers in respect of it or any or all of its assets subject to claims which by
law have priority.

“kWh” means kilowatt-hour alternating current.

“Manufacturer and supply warranties” means warranties from the manufacturers and suppliers
of the solar PV system, any component parts of the solar PV system and the spare parts.
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“Monthly service fee” means the monthly service fee payable by the project owner to the
O&M contractor in consideration of the O&M services of NPR[***] per month.

“O&M manuals” means the manufacturer’s maintenance manual for the solar PV system or, in
the absence of a maintenance manual, the maintenance of the solar PV system in accordance
with good industry practice.

“O&M services” mean all required services for the successful operation, optimum energy
generation and maintenance of the solar PV system the O&M contractor is engaged for
hereunder and as set out in Schedule 2.

“Performance guarantee” has the meaning given in Clause 16.1.
“Performance penalties” has the meaning given in Clause 17.1.

“Performance ratio” means the measure of the quality of the solar PV system that is
independent of location. The performance ratio is stated as percent and describes the
relationship between the actual and theoretical energy outputs of the solar PV system as
calculated in accordance with Schedule 3.

“Premises” means the building and the location of the site where the solar PV system is
installed and the O&M contractor shall provide the O&M services in accordance with this
agreement.

“Preventative maintenance” has the meaning given in Clause 5.

“Reasonable and prudent operator” means a person acting in good faith with the intention of
performing its contractual obligations and who, in so doing, and in the general conduct of its
undertaking, exercises the degree of skill, diligence, prudence and foresight which would
reasonably and ordinarily be exercised by a skilled and experienced person complying with
applicable laws and regulations and observing all applicable standard industry practices and
guidelines engaged in the operation and maintenance of photovoltaic solar electric generating
rooftop systems similar to the solar PV system.

“Relevant party” has the meaning given in Clause 27.1.

“Site” means the rooftop of the premises on which the solar PV system is installed and as
further defined and highlighted in the relevant drawing listed in Schedule 1.

“Solar PV system” means the solar electric power generation equipment, including without
limitation, solar panels, mounting racks, brackets, substrates or supports, power inverters and
micro-inverters, optimizers, service equipment, metering equipment, controls, switches,
connections, conduit, wires and other equipment installed at the site and as described in
Schedule 1.1

“Spare parts” means spare parts, consumables and any fungible materials that will be procured
by the project owner and or the O&M contractor under this agreement for the operation,
maintenance and repair of the solar PV system.

“Spare parts list” means the list of spare parts required to ensure the proper maintenance of the
solar PV system pursuant to this agreement.

“Subcontractor” means any appointed subcontractor engaged by the O&M contractor under a
separate subcontract agreement who will supply services to the project owner on behalf of the
O&M contractor pursuant to the terms of this agreement.

“Taxes” means all taxes, duties, imposts, fees and withholdings (including, without limitation,
any value-added taxes and corporate income taxes), import duties and/or import surcharges

! This description is wide to encompass most aspects of a solar PV rooftop system that may be installed under this contract,
but can be modified based on the actual Solar PV System specifications.
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imposed by any governmental authority of any country having jurisdiction over any matter
related to this agreement.

“Term” has the meaning given in Clause 24.
“Utility” means the Nepal Electricity Authority (NEA) or its authorized member entity.

[“Utility PPA” means any agreement between the project owner and the utility pursuant to
which the project owner receives payment from the utility for any energy output delivered to
the grid as recorded by the Bi-directional meter.]

“Nepal” means the Federal Democratic Republic of Nepal;

“Nepalese law” or “Law or Laws” means (i) all law applicable in the Federal Democratic
Republic of Nepal; and (ii) any regulatory policies, guidelines or industry codes which apply to
the operation and maintenance of the solar PV system pursuant to this agreement; and (iii) any
directions, rules or regulations issued by any competent or regulatory authorities.

“NPR” means the lawful currency of Nepal.
SECTION I: ENGAGEMENT AND RELATIONSHIP

ENGAGEMENT AND RELATIONSHIP OF THE PARTIES?

2.1 The O&M contractor undertakes to operate, maintain, repair and manage the solar PV
system on behalf of the project owner throughout the term and the project owner
agrees to engage the O&M contractor throughout the term to carry out the O&M
services and further activities contemplated under this agreement and on the terms and
conditions of this agreement.?

2.2 The O&M contractor has been retained by the project owner as an independent
contractor to operate and maintain the solar PV system, with the O&M manuals and to
the standard of a reasonable and prudent operator.

PERFORMANCE STANDARDS*

3.1 The O&M contractor shall perform the O&M services and other services as
contemplated hereunder in accordance with the following:

This agreement and its schedules and annexes;

The O&M manuals;

The applicable manufacturer and supply warranties;

The requirements of the utility;

© o0 T

Applicable insurance policies obtained and maintained by the O&M contractor in
accordance with this agreement;

All applicable Nepalese laws; and

any other documents to be signed between the parties for the purposes of the
performance of this agreement.

bana)

' To be retained or removed depending on whether it is intended to enter into a utility PPA or not.

2 This sets out the general engagement and scope of services of the O&M contractor under this agreement.

? Schedule 1 sets out a detailed description of the solar PV System, its components and the various equipment and a
description of the site.

4 Recommended to set out the relevant applicable standards and regulations the O&M contractor must perform in
compliance with as these will not all be included specifically in this agreement but rather referred to (such as the O&M

manuals and manufacturer and supply warranties).
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4. [UTILITY PPA]'

4.1 The O&M contractor will manage ongoing arrangements with the utility on behalf of
the project owner in relation to meter readings and follow up on invoices to the utility
where applicable under the utility PPA.

! To delete or retain depending on whether the project owner will enter into a utility PPA or not.
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SECTION II: OPERATION AND MAINTENANCE SERVICES

PREVENTATIVE MAINTENANCE

5.1 The O&M contractor agrees and acknowledges that the continuous operation of the
solar PV system is essential, especially during day hours therefore the work of repairs,
maintenance, rebuild and tests must be planned in such a way that interruptions to the
solar PV system operation are kept to a minimum and as a consequence the O&M
contractor at its own cost will apply a higher standard of diligence to perform during
night hours to the extent possible in order to minimize interruptions and maximize
production.!

5.2 The O&M contractor will provide all materials, tools, staff and labour requirements, as
well as its staff expenses, and so on in order to carry out the tasks, except otherwise
agreed in this agreement.

5.3 The preventative maintenance of the solar PV system will be comprised of regular visits
to all the equipment composing such solar PV system, replacement of materials and
correction of those systems where foreseeable with materials, tools, and labour,
pursuant to the provisions of the O&M manual and will be carried out in accordance
with the relevant annual operating and maintenance schedule and other relevant
provisions of this agreement, including Schedule 2.2

MONITORING, FAILURE DETECTION AND INITIATION OF CORRECTIVE
MAINTENANCE?

6.1 For the purposes of determining when repair and maintenance services are necessary,
the O&M contractor shall monitor and evaluate the information gathered through
remote monitoring of the solar PV system in addition to the maintenance and
inspection site visits.

6.2 In case of a breakdown or malfunction of the solar PV system, the O&M contractor
shall take all measures necessary to remedy such breakdown in order to make it work
properly and conduct all necessary corrective maintenance in accordance with the
agreed performance specifications and the relevant provisions of Schedule 2.

SPARE PARTS*

7.1 The O&M contractor shall prepare the spare parts list for the solar PV system and
provide this to the project owner within [ten (10)] days of the effective date.

7.2 The project owner shall procure and supply the spare parts as necessary for the
operation and maintenance of the solar PV system and such spare parts shall remain
the property of the project owner at all times.

7.3 Notwithstanding the foregoing, the O&M contractor may directly procure spare parts
on behalf of the project owner as necessary for the solar PV system provided that: (i) the
project owner shall be liable for and make direct payment to any supplier or reimburse
the O&M contractor as duly invoiced to the O&M contractor for any spare parts and

' Suggest this is agreed to avoid interruption of the project owner’s (or relevant customer’s) production at the premises.

2 General provision on preventative maintenance is provided here with further details in Schedule 2. However, the detailed
plan should be agreed in the Annual Operating and Maintenance Manual as particular to the solar PV system and project.

3 This applies to maintenance and repair services to be provided outside of the scheduled preventative maintenance services,
such as in the case of breakdown of the solar PV system as notified by the project owner.

* The solar PV system will require a stock of spare parts for its maintenance and repair. The costs for such spare parts should
be borne by the project owner, which will be taken into account when agreeing the monthly service fee. In addition,
ownership of the spare parts should be with the project owner at all times.
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other items required for the repair of the solar PV system provided that the project
owner shall be entitled to prior approve the order and purchase of any items or
combined order of a value of NPR[***] or more; and (ii) such spare parts shall remain
the property of the project owner at all times.

7.4 The O&M contractor shall be fully responsible for, at its cost, storing and securing all
spare parts as necessary for the solar PV system.

7.5 At the request of the project owner, the O&M contractor shall conduct an audit of the
spare parts list to detail:

a. The spare parts that have been used and require replacement;

b. The spare parts that have been procured by the project owner since the last audit
conducted pursuant to this Clause; and

C. [***]

PLANS AND REPORTING'

8.1 The O&M contractor shall maintain up-to-date operating logs, records and reports
regarding the operation and maintenance of the solar PV system.

8.2 The O&M contractor shall submit to the project owner an annual program of scheduled
maintenance, prior to the commencement of each contract year (with the first such
plan being provided within fifteen (15) days of the effective date) (such annual
programs being the “Annual Operating and Maintenance Schedule”).

8.3 The O&M contractor shall within seven (07) business days after the end of the relevant
contract year, submit to the project owner an operations report covering the operations
and maintenance conducted for the solar PV system during the preceding contract year.

8.4 The O&M contractor shall within [five (05)] business days after the end of each
calendar month submit to the project owner a monthly operation, including but not
limited to:

a. The operations and maintenance conducted during such preceding calendar
month;

b. The meter readings for the production of energy output of the solar PV system for
the preceding calendar month; and

C. [***]

8.5 The O&M contractor shall provide the project owner reasonably necessary assistance
in connection with the project owner’s compliance with reporting requirements under
applicable laws or any other agreement to which the project owner is a party relating to
the solar PV system, including providing reports, records, logs and other information
that the project owner may reasonably request related to the solar PV system.

9 HEALTH AND SAFETY

9.1 The O&M contractor must comply at all times during the performance of the O&M
services with all applicable occupational health and safety laws and regulations, and all
occupational health and safety guidelines, rules and procedures provided by the project
owner to the O&M contractor as applicable to the premises.

' The O&M contractor should provide reports and plans for O&M services to ensure efficient coordination between the project
owner and the O&M contractor and for the project owner to be able to verify the O&M contractor is fulfilling its duties under
this agreement. In addition, this should include assisting with providing meter readings and other reports required under
agreements the project owner may have entered into in relation to the solar PV system (such as a power purchase agreement,
or a utility PPA).
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9.2 The O&M contractor shall provide all fire prevention and safety equipment for the solar
PV system as required under law and to ensure safe operation of the solar PV system.

9.3 The O&M contractor shall be responsible for providing all personal protective
equipment as may be required for its personnel assigned to work at the site.

PERSONNEL

10.1 The O&M contractor represents and warrants that its personnel are trained and skilled
practitioners at performing work similar to the O&M services and will perform the
O&M services in accordance with the terms and conditions of this agreement.

10.21f the conduct or performance of any of the O&M contractor’s personnel, in the
project owner’s opinion, is unsatisfactory, the project owner may advise the O&M
contractor and the O&M contractor at its own cost and expense at the O&M
contractor’s sole cost and expense, shall replace such personnel with personnel
suitably qualified and acceptable to the project owner.!

SECTION Ill: O&M SERVICE FEE AND PAYMENT TERMS

O&M SERVICE FEE

11.1The project owner shall pay the O&M contractor the monthly service fee throughout
the term in consideration of the O&M services.

FEE FOR NON-STANDARD MAINTENANCE SERVICES AND PARTS?
12.1 If any repair or maintenance of the solar PV system is required due to:

Conditions at the premises;
The project owner’s breach of any provisions of this agreement;
The negligent act or wilful misconduct of the project owner;

Any work carried out on the solar PV system by the project owner or any third
party other than as prior approved by the O&M contractor; or

e o T

e. Inaccuracy of any information provided by the project owner and relied upon by
the O&M contractor,

The project owner shall fully reimburse the O&M contractor the cost and expense for such
maintenance and repair at the O&M contractor’s, or if applicable the subcontractors, then
current standard rates in addition to the monthly service fee.

13 TAXES

14

13.1All prices are stated exclusive of any applicable taxes and the O&M contractor shall
add any such applicable value-added taxes and other applicable taxes to its invoices
and charge them to the project owner in accordance with laws.

PAYMENT TERMS

14.1 The payments to the O&M contractor of the monthly service fee and any other
payments under this agreement shall be made in accordance with Clause 14.

14.2 The monthly service fee shall be paid monthly in arrears as invoiced by the O&M

' Suggest the project owner should be entitled to request replacement of personnel of the O&M contractor if they behave in

an unsatisfactory way as they will be attending to the project owner’s location or representing the project owner as a

subcontractor.

2 Suggest the O&M contractor would be entitled to an additional fee for performing services where these are required due to

a breach by the project owner of its obligations under this agreement and so on.
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contractor to the project owner and within [15] days of the date of issuance of the
relevant invoice.

14.3 All payments to the O&M contractor under this agreement shall be made by bank
transfer to the bank account of the O&M contractor as may be notified by the O&M
contractor to the project owner from time to time.

14.4 If the project owner fails to pay the O&M contractor any sum payable to the O&M
contractor when due pursuant to the agreement, the project owner shall be liable to
pay interest to the O&M contractor on such sum from the due date for payment at the
annual rate of [***%] per annum accruing on a daily basis until payment is made.

SECTION IV: PERFORMANCE PENALTIES AND PERFORMANCE GUARANTEE

15 FAILURE OF THE SOLAR PV SYSTEM!

15.1 If the solar PV system completely fails to provide energy output during more than [***]
hours of daylight in one day on more than [five (5)] instances in any three-month
period during the term the project owner shall be entitled to either:

a. Terminate this agreement upon giving at least [30] days’ notice to the O&M
contractor expiring not later than the end of the second month following the
relevant three-month period pursuant to this Clause; or

b. A penalty payment of [***] NPR from the O&M contractor and such penalty
payment will be deducted from the next relevant monthly service fee.

16 [PERFORMANCE GUARANTEE]?

16.1 The O&M contractor hereby warrants that the solar PV system shall be capable of
generating a minimum performance ratio of [***%] in each contract year (the
“Performance guarantee”).

16.2 It is agreed and acknowledged by the parties that in the event the performance
guarantee is not achieved for any contract year the O&M contractor shall pay
performance penalties to the project owner in accordance with Clause 0.

' Suggest this as a reasonable performance guarantee provided by the O&M contractor particularly if it is a different service
provider from the engineering, procurement and construction (EPC) contractor that installed the system.

2 Provided suggested performance ratio guarantee and penalties for failure to achieve this. This would be appropriate where
the O&M contractor also provided EPC services for the system. Nevertheless, the project owner may request this from the
O&M contractor in any event.
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17 PERFORMANCE PENALTIES'

17.11f for any contract year, the performance ratio is less than the performance guarantee
then the O&M contractor shall be liable to pay a penalty to the project owner in an
amount equal to [NPR***] for each 0.1% shortfall between the performance ratio and
the performance guarantee up to a maximum amount equivalent to [8%] of the total
aggregate monthly service fees payable for such contract year ("Performance
penalties").

17.2The O&M contractor shall within fifteen (15) business days following the end of each
relevant contract year calculate the performance ratio (in accordance with schedule 3)
in respect of that contract year and, if applicable, calculate the amount of performance
penalties payable in respect of the relevant contract year and notify the same to the
project owner as soon as reasonably practicable.

17.3 Any performance penalties payable under this agreement shall be payable to the
project owner by bank transfer to the project owner’s designated account within [five
(05)] days following demand thereof from the project owner.

17.41t is agreed the project owner shall be entitled to avail itself of its right to claim
damages and apply any other available remedy available to it under law for any such
failure of the performance guarantee to be achieved in addition to its right to receive
such performance penalties payments.

17.51t is agreed the performance penalties shall not be applied in the event the failure to
achieve the performance guarantee is caused by the act or breach of this agreement by
the project owner.

' Suggest structuring these as penalties rather than liquidated damages. This is preferred under Nepalese law governed
contracts as penalty provisions are clearly established under Nepalese law (liquidated damages are less so). Nepalese law

also permits the parties to agree that penalties are either an exclusive remedy for the relevant matter at hand or are payable in

addition to the compensation for damages (it being noted that the project owner would need to demonstrate and evidence
such damages).
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SECTION V: PROJECT OWNER’S OBLIGATIONS'

18 The project owner shall:

a.

o

Provide or procure for the O&M contractor at no charge, all requisite access to the
site, plus access to utilities at the premises including electrical power, light and
water as reasonably required by the O&M contractor in order to perform the O&M
services;

Pay for all ongoing costs relating to the supply of electricity to the site and
telecommunications used by the O&M contractor at the site for the purpose of
carrying out the O&M services;

Provide the O&M contractor with all necessary information about the solar PV
system, the premises, and the site to enable the O&M contractor to carry out the
O&M Services;

Pay the monthly service fee and any other fees due in accordance with and subject
to the further terms and conditions of this agreement; and

[***]'

! This section provides further general obligations of the project owner and may be added to or revised as necessary.
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SECTION VI: GENERAL MATTERS

19 SUB-CONTRACTING

19.1 The O&M contractor may only subcontract part (but not all) of the services to be
performed under this agreement during the term with the prior written consent of the
project owner (such consent not to be unreasonably withheld).

19.2 Notwithstanding Clause 19.1, the O&M contractor shall remain liable for the
provision of any and all such work and services to the project owner.!

20 O&M CONTRACTOR RIGHT OF ACCESS?

20.1The project owner grants the O&M contractor and its employees, agents and
subcontractors, throughout the term of this agreement:

a. Aright of egress and ingress over all walkways and roads at all times to the
Premises; and

b. A right to enter and obtain access to the site through the premises, including the
right to access and use all elevators, stairways or other access points of egress and
ingress for the purposes of accessing the site,

For the purposes of performing the services contemplated by this agreement, the project
owner shall provide such cooperation and assistance to enable the O&M contractor
(including its employees, agents and subcontractors) to operate, repair and maintain the
solar PV system and carry out all other services contemplated under this agreement on the
terms and conditions of this agreement.

20.21f the project owner refuses the right of access or obstructs such right of access it will
be deemed a material breach of the terms of this agreement by the project owner. 3
21 INSURANCE*

21.1The O&M contractor shall procure and maintain the following insurance policies and
maintain comprehensive policies of insurance in respect of the following matters and
in the minimum amounts set out below:

a. Contractor all risk insurance in an amount of not less than [NPR***];
b. Third-party liability insurance in an amount of not less than [NPR***]].

21.2The O&M contractor will not do anything or omit to do anything which could cause

"It is understood it is the intention that the O&M contractor will perform most if not all of the services under this agreement,
but may need to engage subcontractor’s for performance of certain services over the course of the long-term contract with the
project owner’s approval. However, it should be noted by the O&M contractor that the O&M contractor will remain liable for
the provision of the services to the project owner under this agreement and for that reason, the O&M contractor should take
all precautions to ensure it is equally protected under any separate subcontract agreements it enters into with local service
provider(s).

2 As the solar PV system will be installed on the rooftop, the O&M contractor will require a right of access to the solar PV
system in order to effectively perform its obligations under the contract. Such right of access must be granted to the O&M
contractor, its authorized personnel and importantly extended to the subcontractor(s) throughout the term of the contract.
The extension of this right to subcontractors is necessary for the O&M contractor to be able to grant the right of access to the
subcontractors, who may be engaged to perform certain of the O&M contractor’s services and as such would need to enter
upon the project owner’s premises to do so. in the case the project owner is a solar service company, and not the facility
owner, this should be a back-to-back granting of access as the solar service company has been granted by the facility owner.

% Due to the vital importance of this right of access for the O&M contractor to be able to perform its obligations under the
agreement, such right should be irrevocable during the term and if the project owner denies, obstructs or in any way refuses
such access it will be considered a material breach of the agreement.

* Appropriate insurance types and levels should be agreed here and procured based on standard industry practice.
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any insurance policy referred to in this Clause 21, to become wholly or partly void or
voidable, and will comply with all requirements and recommendations of any such
insurers; and give immediate notice to the project owner of any event that might affect
any such insurance policy (including any claims made under it).

22 [PROJECT OWNER AND O&M CONTRACTOR REPRESENTATIVES]'

22.1 The O&M contractor and the project owner shall each nominate a representative for
communication throughout the term of this agreement and provide the other party
with the respective representative’s details, including name, position and contact
information. Such representatives will be the first point of contact for each party. If
either party wishes to change such representative, it must give reasonable prior
notification to the other party of the replacement representative.

22.2 Further to Clause 22.1, the O&M contractor’s and project owner’s respective
representatives shall meet on a [monthly] basis (or at such other intervals as the
representatives may mutually agree) to:

a. Consult and discuss the arrangement and implementation of each phase of the
Agreement; and

b. Discuss and settle any issues which may arise throughout the term of this
agreement.]

23 FORCE MAJEURE?

23.11f the performance of any obligation under this agreement by a party should be
prevented or delayed by an event of force majeure (“Event of Force Majeure”), such as
fire, natural disaster, war, rebellion, sabotage, embargo, epidemic, act of God, or act,
rule, regulation, order or directive of any Governmental Authority or the order of any
court of competent jurisdiction, that party’s duty to perform their obligations affected
by the event of force majeure shall be suspended for a period equal to the delay
directly resulting from the occurrence of such event, provided such event is without
the fault of and beyond the reasonable control of the party invoking force majeure. In
the event of force majeure, the party invoking force majeure shall not be responsible
for any damage, increased costs or loss which the other parties may sustain by reason
of such a failure or delay of performance.

23.21n the event that a party wishes to invoke force majeure, such party shall, within seven
days after the occurrence of the event of force majeure has become known to such
party, send written notice thereof to the other party. The party affected by force
majeure shall take appropriate measures to minimise or remove the effects of force
majeure and, within the shortest possible time, attempt to resume the performance of
its obligations affected by the event of force majeure.

! This is recommended in such case to ensure ease of communication between the parties and to avoid and/or deal with
issues efficiently and effectively as these arise during the term.

2 This is an important clause and should be retained to allow either party to suspend or terminate the performance of its
obligations when certain circumstances beyond their control arise, making performance inadvisable, commercially
impracticable, illegal, or impossible. The list of events to be included is a matter of negotiation between the parties, but the
clause as drafted is typical and should include “regulation, order or directive of any Governmental Authority” as Nepalese law
is developing, and regulations can change in nature relatively often compared to other legal systems.
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24 TERM AND TERMINATION'

24.1This agreement shall be effective from the effective date until the date being the [****]
of the effective date (“Term”)? unless it is early terminated in accordance with this
Clause 24 or other applicable provisions of this agreement.

24.2This agreement may be terminated in the following circumstances:

a.
b.

Upon the expiration of the term without any requirement for further notice;
The parties mutually agree to terminate this agreement;

By written notice to the other party on breach of any obligation under this
agreement by the other party, and, where capable of remedy, such breach remains
unremedied after [thirty (30)] days of such notice;

By written notice to the other party with immediate effect at any time if an
insolvency event occurs in respect of such other party; and

Pursuant to any other right of unilateral termination a party may have under this
agreement and Nepalese law.

24.3 Termination of this agreement is without prejudice to any rights and obligations that
have already accrued to a party prior to the termination.

24.4 On termination of this agreement for whatever reason:

a.

b.

The O&M contractor shall leave the solar PV system in as good condition as it was
on the effective date normal wear and tear and casualty excepted;

The O&M contractor shall use commercially reasonable efforts to cooperate with
the project owner or a succeeding operator to assure that the operation and
maintenance of the solar PV system is not disrupted, including but not limited to
taking all reasonable steps requested by the project owner required to effect the
assumption of any contracts with third party service providers or suppliers related
to the solar PV system operation and maintenance; and

Subject as otherwise provided in this agreement and to any rights or obligations
which have accrued prior to termination, neither party shall have any further
obligation to the other under this agreement.

25 INDEMNITY

25.1The O&M contractor agrees to indemnify and hold harmless the project owner and its
directors, officers, employees and agents from any claims, causes of action, or
liabilities, loss (including consequential loss), sickness, injury or death of its personnel,
which arise out of the breach of any of the warranties, undertakings, obligations and
representations under this agreement by the O&M contractor.

26 LIMITATION OF LIABILITY

26.1 Each party’s liability under this agreement shall be limited to direct actual damages
only.?

26.2 Nothing in these conditions excludes or limits the liability of the O&M contractor for
death or personal injury caused by the O&M contractor’s negligence; for any matter

! These provisions for early termination include standard cases such as agreement between the Parties, material and

unremedied breach, and bankruptcy/winding up of either party. Further specific events that may enable either party to

terminate the agreement may be agreed between the parties based on commercial concerns and so on at such time.

2 This should be agreed between the parties but may be for a specific period such as five years or for the entire lifespan of the

system or in line with the term of the underlying agreements related to the solar PV system (power purchase agreement, utility
PPA and so on).

3 The parties’ liability should be limited to direct damages only.
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which it would be illegal for the O&M contractor to exclude or attempt to exclude its
liability; or for fraud or fraudulent misrepresentation.

27 WARRANTIES

27.1 Each party (a “Relevant party”) represents, warrants and covenants to each other party
that:

a. The relevant party is duly incorporated, validly existing and in good standing order
under the law of its jurisdiction of incorporation;

b. The relevant party has the full power and authority to enter into and perform its
obligations under this agreement;

c. This agreement constitutes binding obligations on the relevant party in accordance
with its terms, subject to any principles of equity or insolvency law;

d. Other than as expressly stated in this agreement, the relevant party has obtained all
applicable corporate approvals, licenses, waivers or exemptions as required under
its constitutional documents, applicable law, and as required by any government
authority to empower it to enter into and perform its obligations under this
agreement.

27.2Warranties given by the O&M contractor

a. The O&M contractor represents, warrants and covenants to the project owner:

b. The O&M services will be performed with all the skill and care to be expected of
an appropriately qualified and experienced contractor with experience in
performing services of a similar size, type, nature and complexity to the O&M
services;

c. The O&M services will be performed in a timely and professional manner in
accordance with all applicable Nepalese laws and this agreement;

d. The O&M services will be performed with the highest regard for the safety and
protection of the environment so that the solar PV system is capable of being
operated and utilized in accordance with all applicable Nepalese laws and this
agreement; and

e. Tthe O&M Services will be carried out in accordance with the standards on
environmental, social, and health and safety set by the project owner and all
Nepalese national standards on electric, environmental, social, environmental
protection, and fire protection.

28 NOTICES'

All notices shall be made in writing and shall be deemed given or made as of the date
delivered, whether by personal delivery, courier or email to the address set out in the
introduction, or to such other postal or email address of which the sender has received prior
written notice from the recipient advising the sender that correspondence in connection with
this Agreement should be sent to such other postal or email address.

29 CONFIDENTIALITY AND PUBLICITY?

29.1 The Parties shall (and shall ensure that each of their agents and where applicable
officers and employees shall) at all times keep confidential any confidential

! This is a standard clause and should not require to be amended. Also, it sets agreement on deemed delivery of notice,
which shall trigger time lines under other clauses such as Clause 24.2c, under which a party must remedy a breach of contract
within 30 days of receiving notice from the other party otherwise the agreement may be terminated.

2 This is a standard clause on confidentiality and should not require much modification, other than specifying which
information shall be included as confidential. It also includes exceptions on disclosing such confidential information, such as
to advisors and as required under law necessary in practice.
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information which it may acquire during any communications preceding or after the
execution and during the performance of this agreement in relation to the other party
and this agreement, and shall not use or disclose such confidential information to any
other person. For the purposes of this clause, “Confidential information” shall include
in respect of the disclosing party (the “Disclosing party”), any and all information and
know-how in any form, whether of a technical, financial, business or other nature,
including, without limitation, the disclosing party's activities, operations, research,
development, finances, marketing plans, product specifications, operations, systems,
policies, procedures, practices, data, methods, any ideas, concepts, sketches, copy,
art-work, documentation or notes conceived related to the solar PV system, any
information, analyses, compilations, studies and other material generated pursuant to
this agreement which contains, reflects, or is/are derived from, any of the foregoing,
and any other sensitive information or communications which would reasonably be
deemed to be confidential that is or has been disclosed to or otherwise received or
obtained, directly or indirectly, by the other party, whether or not in connection with
or pursuant to this agreement, and the details, terms and conditions of this agreement.

29.2 Each party shall cause its personnel, agents and any subcontractors engaged in the
performance of this agreement to treat all such confidential information in Clause 29.1
as confidential, as well as any third party, who has been given access to such
confidential information shall treat it as confidential so as to ensure that such
confidential information will not be made available to any unauthorized third party.

29.3 Notwithstanding Clauses 29.1 and 29.2:
a. the parties may disclose confidential information if and to the extent:

i. Required by any Governmental authority;

ii. Required by any applicable law;

iii. Disclosed to the professional advisors, auditors and/or bankers of each party;

iv. The confidential information has come into the public domain through no fault
of that party; or

v. The other party has given its prior written approval of the disclosure,

provided that any confidential information so disclosed will be disclosed only after
consultation with the other party and such consultation is lawful and reasonably
practicable;

30 VARIATIONS

No variation to this agreement shall be effective unless it expressly refers to this agreement and
is made in writing and signed by or on behalf of the parties.

31 SEVERABILITY

If any provision of this agreement is determined by any arbitral tribunal, court or other
competent authority to be unlawful and/or unenforceable, the other provisions of this
agreement will continue in effect. If any unlawful and/or unenforceable provision would be
lawful or enforceable if part of it were deleted, that part will be deemed to be deleted, and the
rest of the provision will continue in effect (unless that would contradict the clear intention of
the parties, in which case the entirety of the relevant provision will be deemed to be deleted).

32 ASSIGNMENT

32.1The O&M contractor may not without the prior written consent of the project owner
assign, transfer, charge, license or otherwise deal in or dispose of any contractual
rights or obligations under this agreement.
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32.2The project owner may assign, transfer, charge, license or otherwise deal in or dispose
of any contractual rights and obligations under this agreement on giving thirty (30)
days’ prior notice to the O&M contractor without the prior written approval of the
O&M contractor.!

33 LAW, LANGUAGE AND COPIES

33.1This agreement (together with all documents referred to herein) shall be governed by
and construed according to Nepalese laws.

33.2This agreement shall be entered into in [English and] Nepalese in two (2) original
copies of each version. In the event of any inconsistency between the English and
Nepalese language versions, the [English]/[Nepalese] language version shall prevail.

34 DISPUTES

34.1 Any dispute arising out of or in connection with the agreement shall be resolved in
accordance with this Clause 34. Before referring a dispute to the arbitration, the
parties shall endeavour to resolve any dispute amicably within 30 days of a party
giving notice to the other party that a dispute has arisen.

34.2 Any such dispute which cannot be resolved amicably shall be resolved by arbitration
at the Nepal ‘s relevant lawful bodies in accordance with its Rules of Arbitration. The
number of arbitrators shall be three. Each party shall appoint one arbitrator, with the
third to be appointed by such two appointed arbitrators. The place of arbitration shall
be [***], Nepal. The language to be used in the arbitral proceedings shall be English.

[SIGNATURE PAGE TO FOLLOW)]

! The right of the O&M contractor to assign its contractual obligations with prior written consent of the project owner must be
included to allow the O&M contractor to engage a subcontractor to perform certain of its obligations if necessary.
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IN WITNESS WHEREOF, the parties hereto have executed this agreement as of the day and

year first above written.

For and on behalf of

[The O&M contractor]

[***]

[Position]

1521

For and on behalf of

[The project owner]

[***]

[Position]
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SCHEDULE 1 - SOLAR PV SYSTEM SPECIFICATIONS'
1. System Installed Capacity (kW): [***]
2. Module(s):

Manufacturer/Model Specifications Quantity

[***] [***] [***]

[***] [***] [***]

2. Inverter(s):

[***] [***] [***]

[***] [***] [***]

3. Premises and site
[To add the written description of the premises and site]
4. List of accompanying drawings

[To be added by the O&M Contractor as necessary, including drawing of the solar PV
system, site and so on]

' The contractor and project owner shall insert a full technical description of the relevant equipment and so on. This should
cover make, specification, age and condition at the effective date. Records of any the maintenance and servicing prior to
entering into this agreement should be included if available. This should also include all ancillary equipment. This shall take
the form of written records, photographs and scaled plans and sections.
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SCHEDULE 2 - O&M SERVICES'

PART 1: PREVENTATIVE MAINTENANCE SERVICES

During the term, the O&M contractor shall perform regular preventative maintenance services
for the solar PV system, including:

a.

[Quarterly] Site visits per contract year to conduct inspections and solar PV system
check-ups;

Daily SCADA monitoring to ensure any issues are dealt with as soon as practically
possible;

Undertake monthly system meter readings;
[Quarterly] cleaning of the solar PV system; and

PART 2: CORRECTIVE MAINTENANCE SERVICES

a.

The O&M contractor shall notify the project owner within twenty-four (24) hours
following the O&M contractor’s discovery of any material malfunction in the operation
of the solar PV system.

The project owner shall notify the O&M contractor immediately upon the discovery of
any condition adversely affecting the operation of the solar PV system.

The parties shall each designate personnel and establish procedures such that each
party may provide notice of such conditions requiring the O&M contractor’s repair or
alteration of the solar PV system throughout the term.

The O&M contractor shall use best efforts to conduct required corrective maintenance
to remedy any material malfunction in the solar PV system within [three (3)] days of
either:

i. Notifying the project owner of such material malfunction pursuant to paragraph (a)
above; or

ii. Receiving notification from the project owner pursuant to paragraph (b) above.

! The list of regular preventative maintenance and corrective maintenance services obligation should be agreed and set out

here. An indicative list is provided here for guidance purposes only.
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A.14  Single-line diagram of different system types
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AC Coupled System
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A.15 Financial modelling tool

The following screenshots merely seek to introduce the calculation tool which is available
separately from the report for calculation as a Microsoft Excel file.

The tool consists of three sheets:

Financial Model

This sheet is the main body of the financial model and consists of the following sections:

Project Setup

Key Assumptions (Currency, Taxation, Grant, Equity, Debt)
Expenses (CAPEX and OPEX)

Revenues [connection fee, electricity sales)
Depreciation and Reinvestment

Project Performance

Income Statement

Cashflow Statement

Balance Sheet

Key Performance Matrices

This sheets provides an overview of the project variables and gives the most impertant information at a glance

Technical Project Overview
System Configuration
Energy Supply

Energy Demand and Sales
Financial Project Overview
Financing Structure
CAPEX

OPEX

Key Performance Indicators
LCOE

Tariff

DSCR

NPV

IRR

Payback

This sheets allows to conduct sensitivity analysis of the project on the following paramaters:
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Project Setup

Time Related Parameters |
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A.16 Basic troubleshooting instructions

Troubleshooting of a system

When troubleshooting a grid-connected PV system, the process generally entails detecting and
resolving problems associated with the solar panels, inverters, wiring, and grid connection. It's
important to note that dealing with electricity can pose potential risks. In case of a lack of
confidence or feel of uneasiness about troubleshooting any part of the PV system, it is strongly
recommended to seek professional help to ensure both safety and effective resolution of the
issue.

Some steps that can aid you in troubleshooting your grid-connected PV system are mentioned
below:

v" Validate the grid connection: Ensure that the grid connection is secure and there are no
power outages in the area. Confirm that the system is properly connected to the electrical
grid and activate the grid connection switch.

v" Inspect the solar panels: Thoroughly examine the solar panels for any physical damage
such as cracks, fractures, or shading. Clean the panels to remove dirt, debris, or snow
that can reduce their efficiency.

v" Examine the wiring: Carefully inspect the wiring connections between the solar panels,
combiner box (if applicable), and the inverter. Look for loose connections, damaged
cables, or burnt-out components. Tighten any loose connections and replace faulty
components.

v" Monitor the inverter: Check the inverter's display or monitoring system for error
messages, fault codes, or unusual behaviour. Refer to the inverter's user manual or
specific error codes and troubleshooting steps.

v" Test the DC voltage: Measure the DC voltage at various points and terminals in the
system, including the solar panel output, combiner box, and inverter input.

v" Verify the AC voltage: Measure the AC voltage at the inverter's output terminals. Confirm
that the voltage matches the grid voltage and falls within the acceptable range. Low
voltage or absence of voltage may indicate an issue with the inverter or grid connection.

v" Inspect the protection devices: Verify that protection devices like DC disconnect
switches, AC disconnect switches, and surge protectors are functioning properly. Ensure
they have not been tripped or damaged.

v" Review the monitoring system: If the PV system has a monitoring system, carefully review
the provided data and alerts. Look for any irregularities in power output, voltage, or
current readings. Compare these readings with historical data to identify sudden drops
or fluctuations.

v' Seek professional assistance: If you are unable to identify or resolve the issue
independently, it is advisable to consult a qualified solar installer or electrician
experienced in PV systems.
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DOs and DON'Ts

DOs DONTs
Do hire a professional Don't attempt DIY installations unless you have
: expertise
Do choose high-quality components : Don't shade your panels
Do comply with local regulations : Don't tamper with electrical components
Do take care of your system components : Don't assume unlimited power generation
Do monitor your system's performance : Don't block access to the system
Do perform regular maintenance : Don't overlook warranty and insurance

Do get trained people to perform any

. Don't neglect safety precautions
checks/maintenance work. : 9 y P

i Don't overlook warranty and service
i agreements

i Don't ignore any error messages.

Don’t assume anything unless you are sure of
i something.
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A.17 Basic troubleshooting manual

Solar grid-connected systems

User manual

[Site name]

[Location]
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INTRODUCTION

This document introduces the operation and maintenance of your solar PV system in the solar
grid-connected system. Your system is designed to meet all of Nepal’s conditions and
regulations. Although it is very low maintenance, it must always be remembered that the
system generates electricity and we recommend that you do not attempt to service it unless you
are suitably qualified. Your safety is our primary concern.

EQUIPMENT SUPPLIER

[Please mention the equipment supplier’s details such as name, address, etc.]

EQUIPMENT INSTALLER AND COMMISSIONER

Name:

AdAress:

Telephone no.:

Mobile No.:

ABOUT THIS DOCUMENT

No liability is accepted for incorrect use, unauthorized changes to the assembly components,
or the resulting consequences. All information and instructions in this manual refer to the
current state of development.

OWNER MAINTENANCE

For your safety, we recommend that you do not attempt any servicing yourself unless
recommended by a professional technician.

The solar panels work best when clean. Regular rainfall or washing with a hose will maintain
their cleanliness. If they do become excessively soiled they can be cleaned with cold water. It
is strongly recommended that you avoid climbing and use the services of a qualified
professional who is trained in occupational health and safety procedures.

Shading of the solar panels will affect efficiency and performance. Plant and tree growth that
may cause shading at various times of the year, should be monitored and dealt with as
required. Likewise leaves, bird droppings and other debris coming to rest either on or around
the solar modules should be carefully removed.

If you notice your system is not operating correctly, please check the Trouble shooting section
of this document.

If you need to shut down the system, please follow these steps in order.

= Switch off the DC isolator/breaker adjacent to the Inverter

» Switch off the AC isolator/breaker adjacent to the Inverter
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Following these steps will safely isolate the solar array. To switch it back on, you simply
reverse the procedure. Always remember that your system will be generating electricity during
daylight hours and care should always be taken to eliminate the risk of electric shock. Refer to
the OPERATING INSTRUCTIONS in this document for more information.

COMPONENTS OF GRID-CONNECTED PV SYSTEM

The components of the grid-connected solar PV systems are summarized below:

= PV module/array: Getting the sunlight, the PV modules generate electricity,

= Circuit Breaker: In case of a short circuit, the circuit breaker automatically cuts off the
circuit.

»  Grid Inverter: The grid inverter converts the DC input of the solar PV modules to AC output
and synchronizes with the grid supply.

HOW YOUR SOLAR GRID-CONNECTED SYSTEM WORK?

The following illustration and narrative explain how the solar grid-connected system works —

[Put a system architecture drawing here to show the solar grid-connected system working
principle/

= The solar electric modules are usually fitted to the roof or ground. The number of modules
will depend on thenominal size of your system and, collectively, they are known as the
solar array. The solar array converts daylight into direct current (DC) electricity.

= The DC electricity is fed to the inverter. The inverter converts the DC electricity to AC
electricity which is compatible with the electricity supplied to the house. The inverters
have a digital readout so you can monitor information such as the amount of solar
electricity produced, etc. Refer to the separate inverter owner’s manual for more
information.

= The power produced by the PV system is now consumed by the electric loads in the
building. Only the electricity not first consumed by the building will be exported to the
grid.

SYSTEM PERFORMANCE

During daylight hours, your system will be generating electricity at varying rates depending on
the amount of sunshine. The more sunlight falling on the solar array the more electricity is
generated; variable factors such as cloud cover, seasonal solar angle variations, shading or
soiling of the solar array will affect the electricity output.

Note that you do not need to change your energy usage lifestyle to correspond with your solar
system. Your energy consumption will be supplied by solar energy or the grid.

ENERGY CONSERVATION

Your solar electricity system represents an investment in your future energy needs as well as a
benefit to the environment. Unlike conventional generators of electricity that have been
causing major environmental problems such as smog, acid rain and global warming, your solar
electricity system does not produce any air or water pollution while it is generating electricity.
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Considering that it generates free electricity from daylight, it makes sense to consider the other
side of the energy equation — your electricity consumption.

OPERATING INSTRUCTIONS

Your solar grid-connected system is designed for automatic operation without the need for user
intervention. There are no moving parts or need for the owner to interact during its normal
operation.

In the case of mains grid supply failure, the inverter will immediately and automatically be
disabled. This is known as “anti-islanding” and it protects linesmen from an electric shock from
your system when they assume the grid is “dead”. Once the grid power has been restored, the
inverter will be automatically re-enabled.

OPERATING SAFETY INSTRUCTIONS

» Do not attempt to service the system unless you are fully qualified to do so. To service any
electrical connection, you have experience as an electrical technician with training
provided by the operating company. You must also be guided by a qualified professional
from the operating company.

= All service work must be carried out in strict compliance with all local and national
electrical regulations and standards.

= Review and follow all safety instructions supplied with all components of your solar
electricity system.

» Do not attempt to clean or come in contact with the surface of a solar module with broken
glass. This could result in a dangerous electric shock.

= Be aware that power may be present at any point in electrical circuits despite the opening
of circuit breakers or isolators.

»  Circuit breakers can trip automatically if problems occur. If the circuit breaker is switched
back to the closed or “on” position and it immediately trips back to the open or “off”
position, there is a problem.

USING YOUR INVERTER

The inverter converts the DC power produced by the solar panels into useful AC power while
also monitoring and displaying the energy yield.

Front panel display

[Put a front display of your Inverter that clearly shows the LED indications if any./

LED status indicator lights

[Put a table in this section showing the different LEDs and what they depict, like what it means
when it is solid and what it means when it is flashing./

Keypad

[Put a picture and a table in this section showing different keypads and what it is used for.
Also, put a process to function different steps to operate and check the parameters on the
LCD.]

166 |



Annexes

LCD

The two-line liquid crystal display (LCD) is located on the front panel of the inverter which
shows the following information:

» Inverter operation status and data,
= Service messages for the operator
= Alarm messages and fault indications

[Put a picture of the LCD and a table showing difterent LCD functions and status details, alarm
details or any messages for the operator.]

Start and stop

Start the inverter
[Put a procedure on how to start the Inverter.]
Inverter working status

[Put a different status indlication and LCD showing the Inverter is working in normal or different
conditions.]

Stop the inverter
[Put steps for stopping the Inverter during maintenance or emergency condition./
Operation

[During normal operation, the display alternately shows the power and the operation status
with each screen lasting for a few seconds. Put a flowchart or steps showing the operation
status of the inverter.]

Main menu

[This section is used to put the main menu where different functions and menus are available.
Put a step on how to get to the Main Menu of the display and mention different options
available in the Main Menu.]

Lock screen
[Put a step showing the lock screen usage and the way how to protect it from unauthorized
interference./

Settings

Set Time
[Put a step on how to set a time.]
Advanced info - technicians only

[Put a step on how to set the advanced info option. This is used for professional technicians

only.]
Alarm message

[Put a step on what different alarm codes are mentioned and what are the causes of the alarms.
Check if the alarm messages are in line with the issues.]
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TROUBLESHOOTING

Troubleshooting PV panels

»  You can mention here what you should require to check at the first step such as checking
the output of the entire system or inverter.

= Secondly, you can check the inverter input voltage from the PV array and current.

= Lither you will find the entire PV array system is not producing any power or the output
power is lower than expected. Mention the current and voltage as it is noted by the
multimeter.

= Check physically at first if all the PV modules are ready or not, then after check the
combiner boxes for any fuses that may be blown.

Troubleshooting PV inverters

»  Please mention where are the basic location that should be checked for the voltage and the
standard expected parameters that need to be observed.

= /s there any display note down as if there are any alarm signals or statuses that are
abnormal? If there is some concern, then further inspection shall be required to be done
from the product user manual or troubleshooting details.

= You then need to describe the contact person that shall be required to contact for a
detailed inspection.

If the inverter is unable to work properly, please refer to the table troubleshooting in the user
manual provided by the inverter manufacturer. The troubleshooting shall have the following
general but not limited to faults listed below:

Troubleshooting list

Faults I Diagnosis and solutions
Grid fault '
PV over-voltage fault
DC INJ high
Relay short
Relay open

Self-testing fault

Other faults
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WARRANTY DETAILS

[In this section, please mention the warranty of the different equipment used in the solar PV
system.]

Installer details (to be completed by the installer)
As a designer/installer of the PV system, |,

[Name of installer], [Addlress of installer] declare that this installation has been performed
following all relevant standards in force at this date.

(@] o1 7ot
PR ONE: o,
Signature of the installer

(with name and position): ..........cooiiiiiiiiiiii

Date of installation and commissioning: ..........ccoceviieineiineenenn.,

Inverter details
Make: oo
Model: ..o

Sz o,

Solar PV details
Make: .o
Model: .o

SIZE: o,

Other BOS details
Make: .o
Model: .o

Sz o
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A.19 Contract template for CAPEX and OPEX model

Model Agreement

Between

Applicant and the vendor for installation of rooftop solar system in residential
house/commercial property/factory of the applicant under simplified CAPEX model of Rooftop
Solar PV System Programme

This agreement is executed on ...... [Day]......[Month] ...... [Year] for design, supply,
installation, testing, commissioning and /......J/ years comprehensive maintenance of rooftop
solar system to be installed undersimplified CAPEX/OPEX model of rooftop solar programme.

Between

.................................................... [Name of applicant] having
residential/commercial/factory electricity connection with consumer number..................
from ... A L

(Hereinafter referred to as applicant).

And

................................................................. [Name of vendor] is registered with the
(hereinafter referred to as Vendor) and is having registered/functional office at
....................................................... [hereinafter referred to as vendor].

Both the applicant and the vendor are jointly referred to as Parties.

Whereas

* The applicant intends to install a rooftop solar system under the simplified CAPEX/OPEX model
of the rooftop solar programme.

= The vendor is a qualified registered solar company for the supply and installation of rooftop
solar systems. The vendor satisfies all the existing regulations pertaining to electrical safety
and license in the respective state and it is not debarred or blacklisted from undertaking
any such installations by any government agency.

= Both parties mutually agreed and understand their roles and responsibilities and have no
liability to any other agency/firm/stakeholder.

GENERAL TERMS

» The applicant hereby represents and warrants that the applicant has the sole legal capacity
toenter into this agreement and authorise the construction, installation and commissioning
of the rooftop solar system which is inclusive of the balance of system (“BOS”)on the
applicant’s premises (“Applicant site”). The vendor reserves its right to verify ownership of
the applicant site and the applicant covenants to cooperate and provide all information and
documentation required by the vendor for the same.
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= The vendor may propose changes to the scope, nature and or schedule of the services
being performed under this agreement. All proposed changes must be mutually agreed
between the parties. If parties fail to agree on the variation proposed, either Party may
terminate this agreement by serving notice.

* The applicant understands and agrees that future changes in load, electricity usage patterns
and/or electricity tariffs may affect the economics of the system and these factors have not
been and cannot be considered in any analysis or quotation provided by the vendor or its
authorized persons (defined below).

SYSTEM DETAILS

= The total capacity of the system will be a minimum ....... kWe.

* The solar modules, inverters and BOS will confirm to minimum specifications and
other requirements of NEPQA.

= Solar modules of make, ....... model, ....... Wp capacity each and ....... % efficiency
will be procured and installed by the vendor.

» The solar inverter of ....... make, ....... model, ....... kW rated output capacity will be
procured and installed by the vendor.

*  Module mounting structure has to withstand minimum wind load pressure as specified
by guidelines.

= Other BOS installations shall be as per best industry practice with all safety and
protection gears installed by the vendor.

PRICE AND PAYMENT TERMS

The cost of the system will be Rs. (to be decided mutually). The applicant shall pay
the total cost to the vendor as under:

i. [XX%] as an advance on confirmation of the order;

ii. [XX%]/ against Proforma Invoice (Pl) before dispatch of solar panels, inverters and other
BOS items to be delivered;

iii. [XX%] after installation and commissioning of the system.

The order value and payment terms are fixed and will not be subject to any adjustment except
as approved in writing by the vendor. The payment shall be made only through the bankers’
cheque / online payment portal as intimated by the vendor. No cash payments shall be
accepted by the vendor or its authorized person.

REPRESENTATIONS MADE BY THE APPLICANT

The applicant acknowledges and agrees that:

Any timeline or schedule shared by the vendor for the provision of services and delivery of the
system is only an estimate and the vendor will not be liable for any delay that is not
attributable to the vendor; all information disclosed by the applicant to the vendor in connection
with the supply of the system (or any part thereof), services and generation estimation (including,
without limitation,the load profile and power bill) are true and accurate, and acknowledges that
vendor has reliedon the information produced by the applicant to customize the system layout
and BOS design for the purposes of this agreement;
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All descriptive specifications, illustrations, drawings, data, dimensions, quotations, fact sheets,
price lists and any advertising material circulated/published/provided by the vendor are
approximate only;

Any drawings, pre-feasibility report, specifications and plans composed by the vendor shall
require the applicant’s approval within 5 (five) days of its receipt by electronic mail to the vendor
and if the applicant does not respond within this period, the drawings, specifications or plans
shall be final and deemed to have been approved by the applicant;

The applicant shall not use the system or any part thereof, other than in accordance withthe
product manufacturer’s specifications, and covenants that any risk arising from misuse or/and
misappropriate use shall be to the account of the applicant alone.

The Applicant represents, warrants and covenants that:

i. All electrical and plumbing infrastructure at the applicant site conform with applicable
laws;

ii. The applicant has the legal capacity to permit unfettered access to the vendor and its
authorized persons for the execution and performance of this agreement;

iii. The applicant has and will provide requisite power, water and other requisite resources
and storage facilities for the construction, installation, operation and maintenance of
the system;

iv. The applicant will provide support for site fabrication of structure, assembly and fitting d
module mounting structure at the applicant site;

v. The applicant will ensure that the applicant site is shadow-free and free of all
encumbrances during the lifetime of the system;

vi. Applicant should ensure that the applicant regularly cleans and ensures accessibility
and safety to the system, as required by the vendor and dusting frequency in the
premises.

vii. The vendor is entitled to permit geo-tagging of the applicant site as a vendor installation
site;

viii.Unless otherwise intimated by the applicant in writing, the vendor is entitled to take
photographs, videos and testimonials of the applicant and the applicant's site, and to
create content which will become the property of the vendor and the same can be freely
used by vendoras part of its promotional and marketing activities across all platforms as
it deems fit;

ix. The applicant validates the stability of the applicant site for the installation of the
system.

MAINTENANCE

Vendor shall provide .......... years of free workmanship maintenance. The vendor shall visit
the Applicant’s premises at least once every quarter after the commissioning of the system for
maintenance purposes.

During such maintenance visits, the vendor shall check all nuts and bolts, fuses, earth
resistance and other consumables in respect of the System to ensure that it is in good working
condition.

Cleaning requirement/expectation from the applicant side — applicant responsibility, minimum
expectation from the applicant that it will be cleaned regularly as per the dusting frequency.
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ACCESS AND RIGHT OF ENTRY

The applicant hereby grants permission to the vendor and its authorized personnel,
representatives, associates, officers, employees, financing agents, and subcontractors
(“Authorized persons”) to enter the applicant site for:

i. Conducting feasibility study;

ii. Storing the system/any part thereof;

iii. Installing the system;

iv. Inspecting the system;

v. Conducting repairs and maintenance to the system;

vi. Removing the system (or any part thereof), if necessary for any reason whatsoever;

vii. Such other matters are as necessary to execute and perform its rights and obligations
underthis agreement.

The applicant shall ensure that third-party consents necessary for the authorized persons to
access the applicant site are obtained before the commencement of services under this
agreement.

WARRANTIES

Product warranty: The applicant shall be entitled to the manufacturer’s warranty. Any warranty
concerning the system supplied to the applicant by the vendor under this agreement is limitedto
the warranty given by the manufacturer of the system (or any part thereof) to the vendor.

Installation warranty: The vendor warrants that all installations shall be free from workmanship
defects or BOS defects for five years from the date of installation of the system. The warranty is
limited to Vendor rectifying the Workmanship or BOS defects at vendor’s expense in respect of
those defects reported by the Applicant, in writing. The Applicant is obliged and liable to report
such defects within 15 (fifteen) days of the occurrence of such defects.

Subject to manufacturer warranty, the vendor warrants that the solar modules supplied herein
shall have tolerance within a five percentage range (+/-5%). The peak-power point voltage and
the peak-power point current of any supplied solar module and/or any module string (series
connected modules) shall not vary by more than 5% (five percent) from the respective
arithmetic means for all modules and/or for all module strings, as the case may be, provided
the system is properly maintained and the applicant site is free from shadow at the timeof
operation of the system.

Exceptions for warranty:

i. Any attempt by any person other than the vendor or its authorised persons to adjust,
modify, repair or provide maintenance to the system, shall disentitle the applicantof the
warranty provided by the vendor hereunder.

ii. The vendor shall not be liable for any degeneration or damage to the system due to any
action or inaction on the part of the applicant.

iii. The vendor shall not be bound or liable to remedy any damage, fault, failure or
malfunctionof the system owing to external causes, including but not limited to
accidents, misuse, neglect, if usage and/or storage and/or installation are non-
confirming toproduct instructions, modifications by the applicant leading to shading or
accessibilityissues, failure to perform required maintenance, normal wear and tear,
Force Majeure Event, or negligence or default attributable to the applicant.
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iv. Vendor shall not be liable to repair or remedy any accessories or system added to the
existing system that was not originally sourced by vendor to the applicant.

PERFORMANCE GUARANTEE

The vendor guarantees a minimum system performance ratio of 75% as per the performance
ratio test carried out in adherence to IEC 61724 or equivalent BIS for five years.

INSURANCE

Vendor may, at its sole discretion, obtain insurance covering risks of loss/damage to the system
(any part thereof) during transit from Vendor’s warehouse until delivery to the applicant site
and until installation and commissioning.

Thereafter, all risk shall pass on to the applicant and the applicant may accordingly procure
relevant insurance.

CANCELLATION

The applicant may cancel the order placed on the vendor within 7 (seven) days from thedate of
remittance of advance money or the date of order acceptance, whichever is earlier (“Order
Confirmation”) by serving notice.

If the applicant cancels the order after the expiry of 7 (seven) days from the date of the order
form, the applicant shall be liable to pay vendor, a cancellation fee of xx% of the total order
value plus costs and expenses incurred by the vendor, including, costs for labour, design,
return of products, administrative costs, subvention costs.

Notwithstanding the aforesaid, the applicant shall not be entitled to cancel the orderform after
vendor has dispatched the system (or any part thereof, including BOS) to theapplicant site. If
applicant chooses to terminate the order form after dispatch, the entire amount paid by the
applicant to date shall be forfeited by vendor.

LIMITATION OF LIABILITY AND INDEMNITY

To the extent that terms implied by law apply to the system and the servicesrendered under
this agreement, vendor’s liability for any breach of those terms is limited to:

i. Repairing or replacing the system/any part thereof, as applicable; or

ii. Refund of the money paid by the applicant to vendor, if vendor cannot fulfil the order.

SUSPENSION AND TERMINATION

If the applicant fails to pay any sum due under this agreement on the due date, vendor may, in
addition to its other rights under this agreement, suspend its obligations under this agreement
until all outstanding amounts (including interest due) are paid.
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NOTICES

Any notice or other communication under this agreement to vendor and or to the applicant
shall be in writing, in the English language and shall be delivered or sent: (a) by electronicmail
and/or (b) by hand delivery or registered post/courier, at the registered address of
applicant/vendor.

FORCE MAJEURE EVENT

Neither party shall be in default due to any delay or failure to perform its/his/her/theirobliga-
tions under this agreement which arises from or is a consequence of the occurrence of an event
which is beyond the reasonable control of such party, and which makes th e performance of
its/his/her/their obligations under this agreement impossible or so impractical as reasonably to
be considered impossible in the circumstances and includes, but is not limited to, war, riot,
civil disorder, earthquake, fire, explosion, storm, flood or other adverse weatherconditions,
pandemic, epidemic, embargo, strikes, lockouts, labour difficulties, other industrial action, acts
of government, unavailability of equipment from a vendor, changes requested by the applicant
(“Force majeure event”).

GOVERNING LAW AND DISPUTE RESOLUTION

The interpretation and enforcement of this agreement shall be governed by the laws of Nepal.
In the event of any dispute, controversy or difference between the parties arising out of, or
relating to this agreement (“Dispute”), both parties shall make an effort to resolve thedispute in
good faith, failing which, any party to the dispute shall be entitled to refer the dispute to
arbitration to resolve the dispute in the manner set out in this Clause. The rights and obligations
of the Parties under this agreement shall remain in full force and effect pending the award in
such arbitration proceeding.

The arbitration proceeding shall be governed by the provisions of the Arbitration Act, 1999
(2055 B.S.) and shall be settled by a sole arbitrator mutually appointed by the Parties.

Applicant Vendor

Name: ...oooeiiii Name: ...
Designation: ......cocveviiiiiiiiiiiiinin, Designation: ......coceeiiiiiiiiiinii,
Organization: ..o Organization: ...........coooiii
SIgNature: ..o.ooeieiie Signature: ....ovvvii
Witness 1 Witness 2

NaME: oo, NamMe: oo
Designation: ......ccovviiiiiiiiiiii, Designation: ......cooveviiiiiininiin,
Organization: ........cooevviiiiiiiiiieen, Organization: .......cccvviviiiiiiiiiiininns
Signature: ... Signature: ...
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A.20 Bill of materials ® Sample

Bill of materials (non-exhaustive)

Materials

Solar panels — xxx Ws

I Number I

Unit (No.)

Total (No.)

Annexes

Inverters — xxx kW

DC cable (twin) OR red and black/blue — xx
mm?

AC cable — xx mm?

Earthing cable — xx mm?

: Number of panels in meter plus array to inverter
i distance and inverter to MSB

DC isolators

: 1 per string

String fusing

: 2 per string (if more than 2 strings are combined)

Like-to-like connectors

: 1 male and 1 female per string

Rails

: (2 x Total number of panels (portrait) x 1.05)

Rail splice

: Approx. 1 pert rail

Tilted leg set — front and back)

: 1+ number of panels per array

Mid clamps

[2 x (number of panels)-2] per array

End clamps

i 4 x number of arrays

DC main switch

: 1 per inverter

AC isolator : 1 per inverter
AC main switch 1 per DB
DC/AC SPD : 1 per board
DC/AC MCB, MCCB : 1 per board

Cable tray with lid

Conduits
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Penetrations 2 per tilted leg set
MC4 connector (pair) For connecting modules
MC4 Y connector (pair) For connecting modules

Cable tie XX mm (pkt)
Metal- tie XX mm

Screw, PVC grip, metal grip

Power cable (Cu/Al) As per the requirement

Multistrand flexible cable XX sg. mm

Copper strip (3x25/xx...) XX kg

Lightning arrestor

Earthing rod

Earthing chemical

Cable trays
PVC conduits

Insulators, connectors etc.

DB boxes, various sizes (Indoor/Outdoor)

Tools (if any)
Others....
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A.21 Technical specifications, non-exhaustive list

1. Solar photovoltaic (PV) module

The PV module intended for use in a solar grid-connected system in Nepal must adhere to
the NEPQA (Nepal Quality Assurance) standard and receive approval from RETS
(Renewable Energy Test Station).

= Module type: Monocrystalline, Polycrystalline, Bifacial, PERC or Thin-film.
= Power output: Minimum power rating of the module 400Wp in STC.
= Tolerance: Power tolerance of - 0 to +5% of the rated power output.
= Efficiency: Module's efficiency of at least 18% in STC.
=

Power degradation: Not more than 3% in the first year and less than 7% from the 2" to
the 25™ year.

U

Dimensions: With the least physical footprint under similar power rating capacity
(economics to be considered while making decisions) with either 40mm or 35mm
frame thickness.

U

Weight: The gross weight of the selected panels shall be approx. 9 - 10kg/m2.

U

Operating temperature: PV module operates optimally -40°C - +85°C

= Voltage characteristics: Suitable either to design for residential systems or non-
residential systems.

= Max. system voltage: 1,500VDC

= Certifications: Approved by RETS to be used in Nepal. Follows NEPQA and guidelines.
IEC 61215-1 :2016, IEC 61215-2 :2016, IEC61730-1 :2016, IEC61730 -2 :2016

= Durability test certificates:
o Snow load, front: 5,400PA and Wind load, back: 2,400PA;
o PID (IEC TS 62804 — 1:2015): 1,500V / 85°C / 85% Relative humidity.
o Hail impact: at least 25mm ice ball at 83km/h

= Warranty: Mechanical warranty of at least 15 years and linear production warranty of
at least 25 years.

U

Manufacturing standards: The manufacturer shall have ISO 9001 for quality
management and ISO 14001 for environmental management.

Frame: Silver or black (Anodized aluminium)
Junction box: IP 68

Bypass diodes: at least 3

RV

Anti-reflective coating: The proposed module shall have an anti-reflective coating to
enhance light absorption and improve efficiency while reducing induced glare.

U

Cell technology: Specify the cell technology shall be mono PERC (Passivated Emitter
Rear Contact),or multi PERC, or other advanced cell technologies.

= Mechanical load (ML): at least 2,400Pa
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Grid-connected inverter

The general requirement of the PV inverter or grid-tie inverter shall match the voltage,
frequency, phase angle and phase sequences of the national grid system of Nepal. The PV
inverter shall also house the maximum power point tracker (MPPT). The inverter-generated
harmonics, flicker, DC injection limits, voltage range, frequency range, power factor range
and anti-Islanding measures at the point of connection to the utility services should follow
the latest grid code of the Nepal Electricity Authority (NEA).

=

=

1971

Inverter type: String inverter, microinverter, or power optimizer system.

Power capacity: Rated power capacity of the inverter in kilowatts (kW) or megawatts
(MW).

Maximum DC input voltage and current: The maximum DC input voltage [xx]volts and
the maximum DC input voltage [xx]volts.

Maximum DC input power: The maximum DC input power [xx]kW.

Maximum AC output power: The maximum alternating current (AC) power output
capacity of the inverter. The inverter shall have NEA grid supply compatible AC output
and comply with NEA directives and technical specifications.

Functioning: number of MPPTs: At least 2 but if the design permits, a single MPPT for a
better payback period, can be considered.

Technology of proposed inverter: Transformer less technology.
Efficiency: Peak efficiency at least 98% and Euro efficiency at least 97%.

Voltage range: Grid supply compatible AC output shall be either 400+10% Vac (L-L)
for three phases or 230 £10% Vac (L-N) for a single phase.

Frequency: Output electricity frequency shall be 50HZ + 2.5%.
Power factor: The power factor shall be 0.9 leading to 0.8 lagging.

Protection features: IP ratings of at least IP65 according to IEC 60529 and anti-islanding
provisions in accordance with UL 1741 and IEEE 1547.

Communication and monitoring: Modbus, Ethernet LAN, WiFi or Modbus RS232 or
RS485. The inverter must communicate with other equipment and monitoring systems
and must have data logging and web server features and also preferably with front side
LCD screen.

Environmental conditions: The operating temperature range -40°C - +60°C.

Certifications and compliance: Necessary certificates for the inverter: IEC 61727: 2004,
IEC 62116: 2014, IEC 62109-1: 2010 and IEC 62109-2: 2011, IEC 61683: 1999 and IEC
60068. Also, the inverter must be certified by the Certification Body Testing Laboratory
(CBTL) or Renewable Energy Testing Laboratory (RETL) or National Certification Body
(NCB) or Renewable Energy Certification Body (RECB) enlisted in the IECEE website or
IECRE website. The enlisted CBTL or RETL or NCB or RECB must have the scope of PV
inverter testing.

Warranty: Manufacturer’s warranty: at least 10 years and possible extension options.

Mounting and installation: Inverters shall be compatible with outdoor installation and
shall be with wall mount features.



Annexes

3. Support structure for PV modules:

Support and installation structure shall comply with the local building and structural codes
and standards.

= Certification: Framing shall be certified by the relevant equivalent body if not custom-
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designed or certified. The structure shall be approved by the relevant organization to be
used in the region/locality.

Wind loading: The wind speed to be assumed for customized design is 47m/sec.

Structure material: The structure shall be made of aluminium or stainless steel (SS 304)
or MS hot dip galvanized suitable sections.

Spacing of poles: For ground mount system, horizontal spacing between 2 vertical legs
must be between 2.5 to 3.5 meters as per load conditions.

Resistivity quality: The support structure and its accessories shall be able to resist at
least 20 years of outdoor exposure without suffering damage or corrosion.

Flat-on-roof installation: There should be 20 cm gap (or minimum 15 cm) between the
modules' back sheet and roof for air circulation if installed flat on the roof.

Comply with: PV racking and structures must comply with NEPQA and guidelines.

Electrical Accessories (DC combiner box (if applicable))

Certification: ISO 9001:2015, 1ISO 14001:2015, OHSAS 18001: 2017/1SO 45001:
2018 Certificates.

System voltage: System maximum DC voltage 1,000V-1,500V (depending on the
configuration of the PV array).

Environmental conditions: The operating temperature range -25°C - +55°C. and
permissible relative humidity 0-95%, No condensation.

Degree of protection: At least IP65 according to IEC 60529. The enclosure must be UV
resistance. If PV string fuses are installed in the combiner box, they must be in
accordance with IEC 60947-3. Fuses must be cylindrical type mounted on
appropriately sized non-exposed type DC fuse blocks or DC fuse holders. The fuse
holders/block must be DIN rail adapted and should comply with [EC 60947 .

The DC combiner box must have DC isolation switch and comply with IEC 60947 and
must be provided with IEC 62208 hinged door with EPDM rubber gasket to prevent
water and moisture ingress.

Degree of protection for the fuse: At least IP20 according to IEC 60529. The fuse must
be designed for at least DC system nominal voltage of 1,000V — 1,500 V (depending on
the configuration of the PV arrays).

The manufacturer shall have: ISO 9001:2015, 1ISO 14001:2015 OHSAS 18001:
2017/1SO 45001: 20 18 certificates.

Lightning Arrestor

Type/Class: Type 1 (Class 1) or Type 2 (Class 1) lightning arrestor based on the risk of
lightning strikes in the area. Type 1 is typically used at the main service entrance, while
Type 2 is used at the sub-distribution level.
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Maximum discharge current (Imax): Select a lightning arrestor with an Imax rating that
matches the expected lightning current in the area. Common Imax values range from
10 kA to 100 kA or more.

Voltage protection level (Up): The Up rating indicates the maximum voltage that the
lightning arrestor allows during a surge event. Common up values range from 1.2 kV to
2.5 kV.

Number of poles: Determine whether a single-pole or multi-pole lightning arrestor is
required based on the configuration of your solar rooftop system.

Connection type: Select the appropriate connection type (e.g., screw terminal, bolted
connection) for your system's wiring and grounding.

Material and enclosure: Ensure that the lightning arrestor is made of durable and
corrosion-resistant materials suitable for outdoor installation. It should also have
weatherproofed and UV-resistant enclosures.

Operating temperature range: Verify that the lightning arrestor's operating temperature
range is compatible with the local climate conditions.

Mounting method: Choose a mounting method suitable for your rooftop, such as pole-
mounted or surface-mounted lightning arrestors.

Compliance with standards: Ensure that the lightning arrestor complies with relevant
international standards, such as IEC 61643-11, UL 1449, or local standards applicable
in your region.

Remote signalling: Consider whether you need remote signalling capabilities to monitor
the status of the lightning arrestor and identify when it needs replacement or
maintenance.

Coordination with surge protection devices (SPDs): Ensure that the lightning arrestor is
coordinated with other SPDs in your solar system to provide comprehensive protection
against surges.

Grounding system: A properly designed and installed grounding system ensures the
lightning arrestor's effectiveness. Grounding is a critical component of lightning
protection.

Manufacturer and warranty: Choose a reputable manufacturer with a history of
producing reliable lightning arrestors and ensure that the product comes with a
warranty.

Compliance with local codes and regulations: Verify that the lightning arrestor
installation and grounding system comply with local building codes and regulations
related to lightning protection.
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A.22 List of IEC standards, non-exhaustive list

Standards

IEC 61215

International standards (IEC)

Brief description

: IEC 61215 sets requirements for the design and qualification of terrestrial

i photovoltaic (PV) modules. It focuses on ensuring the safety, performance,

i and durability of PV modules through testing and characterization. This

: standard serves as a global benchmark for PV module manufacturers, provid-
: ing a common set of criteria to follow. It covers various aspects of module

: design and testing, including mechanical and electrical characteristics, per-

i formance in different environmental conditions, and reliability.

. IEC 61215 specifies specific tests and requirements for PV modules, includ-

: ing mechanical load tests, thermal cycling tests, damp heat tests, UV expo-

: sure tests, and electrical performance tests. These tests evaluate factors such
 as structural integrity, durability, resistance to moisture and UV degradation,
: and electrical performance.

IEC 61730

: IEC 61730 is an international standard for PV module safety. It ensures the

: safety of users, installers, and system operators by providing guidelines and
: tests for PV module operation and installation. It complements IEC 61215,

i which focuses on performance and durability. Key safety requirements and

i tests in IEC 61730 include electrical insulation, fire, mechanical load, termi-
nation robustness, and resistance to environmental stress.

IEC 62548

: [EC 62548 establishes design requirements for PV arrays, covering DC array

: wiring, electrical protection devices, switching, and earthing. It excludes en-

! ergy storage, power conversion, and loads, except for DC safety. The stand-

i ard addresses interconnecting small DC conditioning units to PV modules. Its
: main aim is to address the specific design safety requirements of photovol-

! taic systems, considering their unique hazards such as electrical arcs. Adher-

- ing to IEC 62548:2016 ensures safe PV array design, mitigating additional

: risks of DC systems and PV arrays. For detailed requirements, please refer to
: the complete document.

IEC 60529 (IP Code)

: IEC 60529 standard for "Degrees of protection provided by enclosures (IP

: Code)," specifies the levels of protection provided by enclosures against the
- ingress of foreign objects (such as dust and water) and the level of protection
: offered to people against contact with hazardous parts inside the enclosure.
The IP (Ingress Protection) Code, defined in IEC 60529, consists of two dig-

: its. The first digit indicates the degree of protection against solid objects,

i and the second digit indicates the degree of protection against water.

IEC 62852

: IEC 62852 sets design requirements for PV arrays, focusing on safety as-

! pects. It covers DC array wiring, electrical protection devices, switching, and
: earthing provisions. Energy storage, power conversion, and loads are ex-

: cluded. Provisions for power conversion equipment are included only if they
! relate to DC safety. The standard addresses small DC conditioning units for

: PV modules. It aims to ensure safe design for PV systems, which have unique
: hazards like electrical arcs. Compliance with [EC 62109-1 and IEC 62109-2

: for PV array inverters is vital for grid-connected systems' safety.
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Bloomberg tier1

"Bloomberg Tier 1" is a ranking system by Bloomberg New Energy Finance

i (BNEF) used in the renewable energy industry to evaluate the financial stabil-
ity and bankability of solar module manufacturers. It assists investors and

i project developers in assessing risk and supplier reliability. Criteria consid-
ered include financial health, production capacity, market longevity, and pro-
i ject experience. However, being Tier 1 does not guarantee module quality

. or performance. Other factors such as certifications and independent testing
: should also be considered. The Bloomberg Tier 1 ranking complements in-

i dustry standards like IEC certifications and UL listings.

NBC 104:1994 and IS
875:1987 and
IS 800:1984:

All PV racking shall be designed and /or certified as per the Indian standard

: IS 875 (part 3)1987. The Dead Load and Live load are taken from IS 875 (part
£ 1)1987 and IS 875 (part 2)1987. The code used for designing the steel mem-
: ber is NBC 111:1994 and IS 800:1984.

IEC 62109

IEC 62109 focuses on safety requirements for inverters, converters, and simi-
i lar power electronic devices in PV systems. It ensures their safe design, in-

i stallation, and operation, addressing hazards like electrical shock and fire

: risks. The standard provides guidelines for electrical safety, fire prevention,

i mechanical strength, and environmental considerations. Manufacturers seek
: compliance with IEC 62109 to demonstrate their products meet PV industry

i safety requirements. It covers aspects such as electrical safety, fire protec-
tion, mechanical safety, and environmental considerations.

IEC 61140

: IEC 61140 focuses on electrical shock protection in installations and systems.
It provides guidelines for electrical safety measures to prevent shock hazards
: in various applications. The standard addresses electrical insulation, protec-

: tive earthing, and equipment bonding to minimize the risk of electric shock.
 Its primary goal is to ensure individual safety and create safer environments.
: It covers areas such as protective measures, safety signalling, touch voltage,
: and protective measures for equipment.

IEC 61643-11

: IEC 61643-11 is an international standard for surge protective devices (SPDs)
in low-voltage power systems. It guides the selection, installation, operation,
i and maintenance of SPDs to safeguard electrical equipment from voltage

: surges. Compliance ensures adherence to performance and safety standards
: through standardized testing and evaluation. It covers aspects such as classi-
 fication, performance testing, coordination with other protective devices,

: and installation and maintenance related to surge protection.

IEC 60947-2

i [EC 60947-2 focuses on the safety of low-voltage switchgear and control-

: gear assemblies used in electrical distribution systems. It provides guidelines
i and requirements for their design, construction, and testing. Compliance

: with this standard is crucial to ensure the safety and reliability of such assem-
i blies. Manufacturers, designers, and users refer to IEC 60947-2 to ensure

. proper practices are followed, minimizing the risk of electrical hazards and

: ensuring the safe operation of electrical distribution systems.
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A.23 Pre-installation task plan

Project activities

1. Preparation

= Onsite inspection:

It is important to verify if there are any on-site discrepancies as compared to the DFS) report. If
such discrepancies are found, the plan should be revised if necessary; otherwise, the
installation work should proceed according to the original DFS plan. Site preparation activities,
such as land levelling and clearing the allocated installation area, will be carried out as per the
plan.

= Setting up of lifting equipment (if any):

Arrange a time for the lifting equipment and acquire permission from the consumers. Conduct
a safety inspection of the equipment and complete the checklist to ensure safety.

= Setting up root/land access:

Ensure that the roof access points are secured and easily reachable. If external equipment is
required, ensure that it is installed securely and meets safety standards. Determine the access
points to reach the designated land site for installation.

Make sure that the land is levelled, and the area is clear to operate an elevated work
platform/ladder for a ground mount system.

= Elimination of hazards in and around the working space:

Eliminate any potential hazards such as nails, metal structures, and cover or mark skylights on
the roof or land space.

= Safety marking and safety labelling:

Prepare the site to create a safe working environment. Label and mark areas with high risks.
Ensure that posters and stickers are displayed clearly, marking exits and hazardous areas for
easy visibility.

2. Setups

= Setting up roof edge protection, anchor points and walkways:

Prior to starting any work on the roof, it is necessary to install roof edge protection and anchor
points for harnesses. In case the surface is slippery, uneven or unsafe, walkways should be
installed.

= Measurements:

Prior to commencing any installation work, it is crucial to carry out a comprehensive
measurement in accordance with the DFS document and mark the roof fixtures/mounting
structures, including the positioning of posts, purlins, etc.

= Setting out and markings:

Establishing the panel layout and marking the solar structure according to the provided plan,
along with a plan for the roof fixtures/ground mounting structure and its accessories, is
essential.

= Lifting of PV racking and panels:
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To minimize costs, it is recommended to lift the PV racking and panels simultaneously, while
ensuring compliance with lifting safety standards to prevent any injuries. Proper care must be
taken to handle or hoist panels to avoid any panel cracks.

= Finalisation of locations:

Location and trenching for cable runs, earthing pits, and power evacuation points are to be
finalised before starting the installation work and record them on the as-built diagram if the
installation is ground mounted.

3. Installation

= Roof fixtures shall be installed using penetrating or non-penetrating methods: The DFS
report shall mention it.

During the installation of PV racking and panels, it is important to minimize penetrating the
roof by utilizing existing holes in the roofing material. Additionally, dissimilar metals must be
separated properly. Any penetrations that are made should be sealed with outdoor (radiation)
grade silicone gel. If the solar panels are being installed on the ground, posts must be installed
according to the design specified in the DFS report.

= Run all DC cable from the array location to the DC combiner box:

During the installation process on the roof or land, the DC cable designed for the array
location must be installed in the combiner box. The number and size of DC cable runs must be
determined during the DFS. All cables should be placed in a metal cable tray, and internal
cable runs should be in a hard conduit. It's important to note that DC, AC, and communication
cables should not be installed in the same cable tray or conduits until they are mechanically
separated.

In addition, Type 2 SPDs should be installed on the AC and DC sides of the wiring. Earthing
cables on the DC side should be grounded using an appropriately sized earthing cable and
terminated to the MEN. Finally, a lightning arrester should be installed to protect the system
and property.

= Installation and connection of panels:

As PV panel installation proceeds, the panel's cable lead must also be connected. The wiring
loop should avoid conductive wiring regardless of the panel's connection method. The
connectors used on the cables should match the connectors on the panel lead cable. The
drawing of the best cable wiring practice as an example has been presented in annex 27.

While installing the panels, all necessary DC isolators, fuses, and disconnectors should be
installed on the rails using an outdoor combiner box. The switch gears should be placed in UV
and IP67-rated enclosures.

= Installation of DC combiner box connection of DC cable:

The DC combiner box, either pre-fabricated or made on-site, will be installed near the inverter,
and all DC string cables from the roof will be directed into the box through suitable cable
glands.

= Installation of inverter and cable run between combiner box and inverter:

The inverters will be installed at the designated location according to the DFS plan. The
installation of the inverter should not be too high or too low from the ground, and the inverter
display should be at eye level. If the inverter is to be installed outdoors, ensure that the
manufacturer permits it and is installed with an awning. While selecting an outdoor
installation, it is recommended to avoid south and west-facing walls.
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= AC cable run from inverter to MSB/DB:

The AC cable/cables shall be installed from the inverter to the DB or MSB busbar based on the
inverter's output. The connection of the inverter to the AC supply should be carried out
according to the schedule and approval for switching off the grid supply in the property.

= Labelling:

Proper labelling is necessary to indicate the designations of components and their respective
termination points. The solar PV system components, including DB/MSB/meter/supply points,
must be appropriately marked and labelled.

4. Testing and commissioning:

= Cable connection, testing and commissioning of the system:

Once the interconnection of the panels and strings is complete, it is necessary to conduct
testing of the strings and earth cable. All activities and readings related to the testing shall be
recorded in the testing and commissioning framework/checklist provided in Annex 8. The
interconnection of the solar system to the grid supply shall be carried out and tested in the
presence of a certified electrician. In the case of a pure grid-tied net-metered solar PV system,
the entire solar system shall be turned off again after commissioning.

= Site cleaning and wrap-up;

After completing the commissioning, the site should be thoroughly cleaned up, and all waste
materials should be disposed of in accordance with environmental protocols.

5. Application and connection and net metering:

= Apply for RETS inspection and certification:

After completion of installation, testing and commissioning of the system, an application for
system inspection and certification by RETS should be initiated.

= Apply for net metering connection with NEA if the system is RETS certified:

After receiving RETS observation certification, NEA application should be moved forward.

6. Approval and connection:

Only after signing of net metering contract with NEA the system should be turned on for net
metering purposes.
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A.24 Solar support structure details and references

Consideration

Specification and considerations of solar support structures

Nepal standard

International
Software Reference

practice
: Risa-3D or Design code:
Wind load | . any other © NBC
nees : 47m/s or 55 m/s : 55m/s : structural : 105:2020
: : analysis : 1S 875 (part-
: i program i 3): 2015
: Dead load apart from the self-
weight of a structure is taken as Risa-3D or Design code:
Dead load per technical data sheet from any other NBC
: the manufacturer or IS 875 Part- : 264.6 KN tstructural  § 105:2020
: 1 or it varies from (25kg-30kg) : analysis L 1S 875 (part-
i manufacture of solar panel. : program £ 1): 2015
: i.e. 10.447kg/sq. m. _ 5
: The inclination of solar panels i The slope of the
Placement depends on the site condition pane! as per site | Sketchup
X : of the roof and place where i condition and :
and shading i . . . ; .
i maximum sunlight obtains solar i generation
: energy. : analysis
: Solar panels with the provision
: of attaching the panel with :
E . : selected clamps to avoid : Maximize safety
conomic : , , e : e =
i screws, which avoids drilling on i and maximize i Excel
: solar panels and solar structures : returns :
i which reduce time for :
installation, easy and fast.
Monthly Check: Rusting
. i Loosen off nut and bolt .
Inspection i Checklist
Damages
_ Power losses
. : Remove any dust particles
Maintenance Remove debris Checklist
: Remove any obstructions :
: Depends on the type of solar
panel (Manufacturer) used.
 If the panel have an internal :
: screw hole, then the screwing i Screws and

Clamps vs
Screw

: method is used. If not, clamps

i are used to attach the panel. A
. clamp system is easier and
 faster to installation also it gives
i more protection than a screw- i
: based system.

: clamps are used
: but the clamp is
: preferred
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i Used as per site and consumer
i demand

Penetrative vs
non
penetrative

: Penetrative: Ground base
i mount, Flat Terrace base
i mount, corrugated roof sheets

: Non- Penetration: HSPAN roof
: sheets etc

: Penetration as
i well as non-

! penetration

i used

: Anchor bolts are drilled on the
: concrete slab with epoxy
i penetration.

Concrete roof i

Or

: RCC column pedestal is casted
i for each leg to ensure
: overturning from wind.

: Both drilling and
: adhesive-based
i structures are
used.

: Anchor bolts are drilled on the
: concrete slab with epoxy
i penetration.

Concrete roof i

Or

: RCC column pedestal is casted
i for each leg to ensure
: overturning from wind.

: Both drilling and
: adhesive-based
i structures are
used.
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Samples of various types of support structures

CALCULATION OF DISTANCE BETWEEN TWO SOLAR STRUCTURE IN Y DIRECTION : ﬂ

2920
Height of Backside Solar Structure (H) = A

'
L Distance of Two Selar Structure in y Direction = 2 x A N

SECTIONAL VIEW OF SOLAR SUPPORTING STRUCTURE

Figure 10: Ground mount type installation
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Solar Rail Section

Base Plate

Solar Panel

Existing Slope
RCC Structure

SECTIONAL VIEW OF
SOLAR SUPPORTING STEEL STRUCTURE AT RCC SLOPE ROOF
Smpz (BY USING ANCHOR BOLT)
e

0

Solar Rail Section

Base Plate
Clamp

Glue Adhesive
Solar

SOLAR SUPPORTING STEEL STRUCTURE AT RCC SLOPE ROOF

Panel

Existing Slope
REC Structure

SECTIONAL VIEW OF
SOLAR SUPPORTING STEEL STRUCTURE AT RCC SLOPE ROOF
(BY USING GLUE ADHESIVE

Figure 11: RCC - Slope type installation
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Solar Panel
Roofing Sheet

Clamp—1 Clamp—2 Glue Adhesive Solar Rail Section
1 L[ |
] 1

Existing Purlin Member
Existing Rafter Member

Roofing Sheet

Clamp—1 Solar Panel Clamp—2 Solar Reil Section
—— - ]
£ —H————~ —x —
T

Existing Purlin Member
Existing Rafter Member

Figure 12: CGl sheet - Slope type installation
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