Alternative Energy Promation Centre (AEPC) International Water Zusammenarbeit (61Z) GmbH
Makirig Renewable Energy Mainstream Supply in Nepal Management Institute

4
The Government of Nepal IWM' Deutsche Gesellschaft
Ministry of Energy, Water Resources and Irrigation fir Internationale

A I
ICAR

Solar Water Pump Sizing Tool for Nepal

User Manual
December 2024

Authors
Santosh S. Mali
Kushal Gautam
Shilp Verma

-

-

IWMI-TATA Zee|SEARL

Water Policy Program







Solar Water Pump Sizing Tool for Nepal

User Manual
December 2024

Authors
Santosh S. Mali
Kushal Gautam
Shilp Verma



Acknowledgement

This tool is produced with funding from the Federal Ministry for Economic Cooperation and Development (BMZ),
Germany through Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH. The work was done as
part of Solar Energy for Rural Livelihoods (SE4RL) with additional support from the IWMI-Tata Water Policy
Program (ITP).

Published by

Alternative Energy Promotion Centre (AEPC)

The Government of Nepal

Ministry of Energy, Water Resources and Irrigation
Tahachal, Kathmandu, Nepal

Tel: +9771 4598013, 4598014

Email: info@aepc.gov.np | Web: www.aepc.gov.np

International Water Management Institute (IWMI)
127 Sunil Mawatha, Pelawatte, Battaramulla,

P.O. Box 2075, Colombo, Sri Lanka

Tel: +94 11 2880000

Email: iwmi@cgiar.org | Web: www.iwmi.org

With support from

Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GI1Z) GmbH
Promotion of Solar Technologies for Economic Development (POSTED),
NTNC Complex, Khumaltar, Lalitpur, Nepal

P.O. Box 1457, Kathmandu, Nepal

Tel: +9771 5555289, 5538129 | Email: posted@giz.de

Developed by

Santosh S. Mali
Indian Council for Agricultural Research (ICAR)

Kushal Gautam
Integration Umwelt & Energie GmbH, Germany

Shilp Verma
International Water Management Institute (IWMI)

Co-developers

Diego Senoner | Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) Nepal
Alok K. Sikka, Vidya Mandave | International Water Management Institute (IWMI)
Ashutosh Shukla, Manisha Basukala | Independent

Reviewers

Ajay Thapa, Nipun Regmi, Felix Nitz | Integration Umwelt & Energie GmbH, Germany
A. Upadhyaya, S.K. Chaudhari, Anup Das | Indian Council for Agricultural Research (ICAR)
Paresh B. Shirsath | Borlaug Institute for South Asia (BISA)

Citation

Mali, S. S.; Gautam, K.; Verma, S. 2024. Solar water pump sizing tool for Nepal: user manual. Kathmandu,
Nepal: Government of Nepal. Ministry of Energy, Water Resources and Irrigation. Alternative Energy
Promotion Centre (AEPC); Colombo, Sri Lanka: International Water Management Institute (IWMI). 36p.

Copyright ©2024, Alternative Energy Promotion Centre (AEPC) and International Water Management
Institute (IWMI)



Contents

1 Executive Summary 07
2 Introduction 08
2.1 Architecture of the tool 09
2.2 Limitations of the tool 1
2.3 Troubleshooting 12
3 Data Inputs 13
3.1 Price List 13
3.2 Applicant and designer information 14
3.3 Location 15
3.4 Cropping System Details 16
3.5 Design Inputs 16
3.6 Balance of Systems 20
3.7 Edit Balance of Systems 22
4 Report 23
5 Water Requirement and Dynamic Head 26
5.1 Irrigation Water Requirement 28
5.2 Drinking Water Requirement 29
5.3 Dynamic Head 30
6 Pump Selection 33
6.1 Bill of Quantity 33

6.2 What-If Scenarios 34




List of Tables

Table 1: Computation of geodetic head for different water sources

Table 2: Default values of the operational head of different systems

List of Figures

Figure 1: Problem identification and objective
of the tool

Figure11:  's. Design Inputs' page for drinking
water

Figure2:  Architecture of the tool Figure12: '6. BoS Query' page

Figure 3: 'Enable Editing' prompt Figure13: '7. BoS' page

Figure 4:  'Security Risk' prompt Figure14: '8. Report' page 1and 2

Figure 5: '1. Readme' page Figure15:  '8. Report' page 3

Figure 6:  ‘Reference Prices' update page Figure 16:  Conceptual representation of total
Figure 7: ‘5. Applicant’ page water on |th.day within the crop

growing period

Figure 8: ‘3. Location’ page

g 3 pag Figure17:  Computation of geodetic head for

Figure9: ‘4. Crop select’ page different water sources

Figure10: 's. Design Inputs' page for irrigation Figure 18:  What-if scenarios-Reduced water

requirement scenarios

List of Abbreviations

AC Alternating Current

AEPC Alternative Energy Promotion Centre

DC Direct Current

BoS Balance of Systems

Glz Deutsche Gesellschaft fiir Internationale Zusammenarbei
ICAR Indian Council of Agricultural Research

IWMI International Water Management Institute

LPCD Liter Per Capita Per Day

MCB Miniature Circuit Breaker

POSTED Promotion of Solar Technologies for Economic Development
PV Photovoltaics

RZWB Root Zone Water Balance

SIP Solar Irrigation Pumps

SPD Surge Protection Device

VAT Value Added Tax



1. Executive Summary

Solar water pumps have proved to be a means of
water supply for drinking water, irrigation and other
water needs. The Government of Nepal is promoting
and supporting communities and individuals to fulfill
their water needs utilising solar for pumping where it
is best suited.

However, due to constrained technical human
resources at the local level, often it is difficult to
estimate the system cost and allocate an adequate
budget for implementation. An inadequate budget
may result in either project not being implemented
or implemented in phases - leading to delays. As a
solution, a Microsoft Excel-based tool is developed
to assist the initial project development stage to
estimate the system capacity and cost. The tool is
targeted at users in Nepal who develop or fund solar
water pumping projects such as the government,
non-profits and private companies. The tool has
been designed for two applications: drinking water
and irrigation.

Jointly developed by GlZ, Indian Council of
Agricultural Research (ICAR) and the International
Water Management Institute (IWMI) with inputs from
various experts throughout its development, the tool
has followed the design philosophy of simplicity and
user-friendliness. This tool builds on earlier work
done in India for the Ministry of New and Renewable
Energy (MNRE), Government of India, by the IWMI,
ICAR and Borlaug Institute for South Asia (BISA), with
support from GIZ. The tool developed in India helped
users identify suitable solar water pumps based on
water requirements for irrigation. With a similar
philosophy, the tool developed for Nepal also
requires a few key inputs from the user, upon which
it generates a 3-page report highlighting the key
system parameters and project costs that the user
can refer to for budget estimates.

The tool presents a series of pages navigable
through buttons that guide the user to the end
report. It features a built-in crop water
requirement tool (for irrigation) and a drinking
water estimation method to determine the daily
water requirement. It asks users only the key site
information which can be obtained from the
applicant without having to conduct a site survey.

Based on the user inputs, the tool estimates the
capacity and quantities of components and uses
the price database to obtain the system cost.

The report generated includes the key system
features, general single-line diagram and the
system costs i.e. bill of quantity. The report also
features the annual energy that the solar water
pumping system is anticipated to consume and the
surplus energy that is available for multi-use
planning. Finally, the report also features a what-if
scenario, where the system capacity and cost are
displayed for different cases of reduced daily
water requirement. This helps the user optimise
the water requirement in view of any budget or
other project constraints.

The use of this tool must be limited to the initial
planning phase only (pre-feasibility). It is not
designed to be deployed for detailed designing of
solar irrigation and drinking water systems. It is
envisioned that this quick-sizing tool assists all
levels of the government in planning solar water
pumping projects, supporting the critical process
of budgeting and financial planning.

Solar Water Pump Sizing Tool | o7



2. Introduction

The Alternative Energy Promotion Centre (AEPC)
has implemented over 3,600 solar drinking water
and irrigation pumps by 2023. In addition,
provincial and local governments have also been
supporting these systems.

According to IWMI’s rapid assessment report
(2020) on AEPC’s subsidy delivery mechanism for
solar irrigation pumps (SIPs), the requirement for
energy mix demands self-produced and green
energy, and socio-political circumstances may still
drive demands for SIPs at least for the next 7-10
years'.

Recognising the potential of solar water pumps to
reliably fulfil the water needs of communities and
individuals in Nepal, this tool has been developed
to support its initial planning phase. The demand
for a simple user-friendly tool arose from
interactions with local governments in west Nepal
where they struggled to estimate the capacity and
cost of solar water pumping projects to allocate an
adequate for further assessments and
implementation.

This was due to a lack of technical know-how in
the local governments or a lack of technical

human resources. Without adequate budget
allocation, the projects would either not be
implemented, or would be implemented in phases
- leading to delays (Figure 1). This is where the tool
is positioned as a solution.

GIZ’s Promotion of Solar Technologies for
Economic Development (POSTED) project, Indian
Council of Agricultural Research (ICAR) and the
International Water Management Institute (IWMI)
joined hands to develop a quick sizing tool that all
levels of the government can use for planning solar
water pumping systems. The complementarity of
the institutions aligned as GIZ’s POSTED brought in
expertise in the technical design of solar water
pumping systems and ICAR & IWMI brought in
expertise in the calculation of crop water
requirements.

The design philosophy for the tool is simplicity and
user-friendly. This also means that the tool is not
made for detailed design, which requires a much
rigorous design and costing procedure; for
example, site survey, community engagement and
detailed feasibility studies.

Likely that the

Prevent this .
. | » budget is not
scenario ! .
utilised

Not adequate?

Adequate

Figure 1: Problem identification and objective of the tool

' Pandey, V.P., Kafle, K., Upreti, L., Mukherji, A., Shrestha, G. and Khadka. M. 2020. A rapid assessment of AEPC’s subsidy delivery mechanism for Solar
Irrigation Pumps (SIPs) in Nepal. Report submitted by IWMI to AEPC, 40p, Colombo: International Water Management Institute (IWMI).
Available online: https://solar.iwmi.org/wp-content/uploads/sites/43/2021/09/02_Rapid_Assess_2_AEPC_Final_15052020.pdf
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Rather, the quick sizing tool only asks for key
information about the site (without having to conduct
a site survey) and can generate a report highlighting
the key system features and project costs that the
user can refer to for budget estimates.

The decision to make this a Microsoft Excel-based
tool is because of the wide familiarity of the
software which is used by every government
official and professional. This reduces the learning
curve concerning the software. Furthermore, being
an Excel-based tool, it is offline and easier for
users to transfer the tool from one computer to
another. Similarly, given that the tool will be
available for download, the users can always
download the original version and save a copy to
their local computer.

The tool that was built for India served as the
foundation for the irrigation water requirement
calculations which was adapted for Nepal. This
linkage between Nepal’s GIZ team and India’s IWMI
and ICAR team highlights south-south learning
where knowledge materials and expertise
complement to achieve region-contextualised
solutions. The tool, throughout its development,
received inputs from various experts.

The development began with a workshop (in June
2023) where the objectives and features of the tool
were presented to experts from the government,
private sector, researchers and development
partners. The inputs were gathered revolving
around the desired features, limitations and
applications of the tool. After the prototype was
developed, the workings of the tool were
demonstrated in IWMI’s Global Forum in April 2024
to a similar set of experts. A round of feedback was
collected, after which the draft tool was prepared
for user-group testing. For user-group testing, the
GIZ team demonstrated the tool to local and
provincial government officials in the
Sudurpaschim (far west) and Koshi (far east)
provinces? of Nepal. The tool was distributed to a
set of government officials to be used. Further
feedback was collected on the tool about its
user-friendliness and practical use in planning
solar water pumping projects for the government.
Based on the inputs, the tool was finalised.

This user manual walks through the following
major sections:

(i) The general architecture of the tool,
(ii) Understanding limitations of the tool, and,

(iii) Step-by-step procedure on its use and logic.

2.1 Architecture of the Tool

The architecture of the tool can be explained in
four parts (Figure 2):

(i) Basic input parameters: In the beginning
sections of the tool, the user is required to
input key parameters of the project such as
applicant information, water application, crop
details (for irrigation), population (for drinking
water), water lifting head and basic site
information.

(i) Estimation of design parameters: Based on
the user inputs, the tool computes the key
design parameters such as pump discharge
and the total dynamic head.

(iii) Design estimate: Upon calculating the design
parameters, the tool computes the design
estimate which includes the capacity of
components of the solar water pumping
system. The components that make up the bill
of quantity include:

a.Major components: Solar panels, inverter
and pump.

b.Balance of systems: All other components

required to complete the system to make it
functional (for example, cables, pipe fittings,
protection equipment, etc.).

(iv) 3-page design summary report: The output of
the tool is a 3-page design summary report
which highlights the key system features,
system costs, general single-line diagram and
a breakdown of the bill of quantity.

2 The POSTED (Promotion of Solar Technologies for Economic Development) project implemented by GIZ is focused in Sudurpaschim and Koshi provinces.

Solar Water Pump Sizing Tool | 09
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Designer information P Y,
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irrigation

patterns .

Cables, protection systems, and

monitoring systems

Pumping head, water source
and basic site information

10 | Solar Water Pump Sizing Tool



2.2 Limitations of the Tool

The user must be aware of the limitations of the tool while using it. The following describes each of the limitations:

Applicable for pre-feasibility The tool serves as a basic sizing tool to estimate
design estimate the cost of the solar water pumping system. It shall
not be used for detailed design.

AC pumping systems only The selection of a pump is only based on AC
pumps. No DC pumps are included in the database.
This is because, for a quick sizing tool, the
selection of AC pumps shall suffice for the purpose.

30 HP is the maximum single-stage The maximum pump size available for single-stage
pump size available pumping is 30 HP. If the pump size exceeds 30 HP,
double-stage pumping is proposed.

60 HP is the maximum double-stage The maximum pump size available for double-stage
pump size available pumping is 60 HP i.e. double of the maximum
single-stage pump size.

Maximum cut-off head for single-stage The maximum cut-off head for single-stage pumping

pumping is 200 m is 200 m. If the total dynamic head is above 200 m, a
double-stage pumping is proposed regardless of the
pump size.

Civil infrastructure is limited to the The civil infrastructure (for example, water pipes,

transmission side only fittings, anchor blocks, etc.) is included for the water

transmission side only i.e. from the water source to
the distribution reservoir.

The tool does not include components on the water
distribution side because this is highly specific to site
conditions. For example, for drinking water systems,
it is difficult to estimate the length of water
distribution pipes without understanding the
distribution of households in

the community.

Solar Water Pump Sizing Tool | 11



2.3 Troubleshooting

For the tool to function properly, macros must be if the macro is enabled. After the first download,
enabled. Without macro, the tool will not be able the macro-related settings of the computer may
to compute the solar water pump sizing and prevent the macros from running. Refer to the
generate a report. For example, the tool has following cases and instructions on how to resolve
built-in climate data which is used to calculate the the issue.

crop water requirement, but can only be accessed

Case 1: When opening the Excel file, always click on ‘Enable Editing’ (Figure 3)

Mome insert  Pagelayout formulas DA Review View  Automate  Developer el

. Click on ‘Enable Editing’.

- oy a
i sl — Bt
Nt EovpyPromston oo HEPC] "
ctmiadaspntssniioaeih

Solar Water Pumping (SWP) Initial System Planning Tool

Figure 3: 'Enable Editing' prompt

Case 2: After the first download, a red tab on ‘Security Risk’ may be displayed. Follow the procedures in Figure 4.

Home Insert  Pagelayout Formulas  Uata  Heview  View  Automale  Developer  Help

SICURITY RISK  Microsoft has blacked mocros from running because the source of this file is untrusted If you see this red
2 . o ¢ bar of ‘Security

Risk’, close the

1 Excel file and follow
the image
instructions below.

E Tha Gevernment of Nepal . .
Winistry of Energy, Water Resouroes and Iigaien IZ Ba
Aternative Energy Promobion Centre (AEPC) b me
Waking Fenewale Sorpy Maabm Suspy el Anagemat oAyt

Solar Water Pumping (SWP) Initlal System Planning Toal

@ 2 Right click filename
B} 2024-07-24 SWP tool v31 Proparties X

2024-07-
SWP tool

General Secuity Detals revious Wersions

EE} 2024-07-24 SWP tool v31

lype otfile:  Microsott bxcel Macro-Enabled Worksheet (xdsm)

Opono with: (] Bece! Cliange.

Location: C:\Users‘kusha'\Deskiop
Size: 29.4 MB (30.873.324 bytes)
Size ondisk:  29.4 MB (30.879.744 bytes)

Created: Tuesday. August 20, 2024, 7-45:13 AM
< previous versions Modfied: Tuesday, August 20, 2024, 7:45:44 AM

Accessed:  Today. August 20. 2024. 7 minutes ago

arbutes: () Readony  (J Hdden Advanced. .

Soourity: Thia fio camefrom anther | =\ )
computer and might be blockpdto L Unbock ¢
help protect this computer. & --- - - - oo --oant

OK Cancel Ppph

Aributes: () Readonly [ Hidden Adfanced..
Securty This file came from another | g T :
computer and might be blocked to 8 Urblock 4

help protect this computer.  “----, e el
Select ‘Unblock’ optipn

Select ‘Apply’

Figure 4: 'Security Risk' prompt
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3. Data Inputs

The data inputs of the tool have been selected
considering only the key inputs required by the user to
generate a design estimate.

For ease, the cells have been colour-coded as follows:

Light Pink User input
Dark Sage Dropdown option
Light Silver Linked cell (not to be edited)

3.1 Price list

The start page of the tool describes the objective,
limitations and the organisations involved in its
development.

Users already versed with the tool can begin the
quick sizing by clicking on the ‘Start’ button (Figure 5).

For first-time users and periodic updates, the price
list button is given which takes the user to the price

L
The Gevernment of Nepal 4
Ministry of Enargy, Water Rescurces and Irrigation I ! :]u"“;m";"_‘ JGT;:';IZ ped l WM l
Alternative Energy Promotion Centre (AEPC) Zusammenarbsit (612) GmbH International Water

Management Institute

Making Renewable Energy Mainstream Supply in Nepal

Dr santosh S. Malli, Kushal Gautam

page (Figure 6). The prices of components need to
be updated the first time by the user to adapt the
tool to its region and for the accuracy of the
results. After updating the price, it may need an
update periodically when the user deems that the
market prices of components have achieved a
significant difference. After the prices have been
updated, the user can go back to the first “1. Read
Me’ page and ‘Start’ the sizing.

Start sizing
Update price list for 1st time user
and to periodically update the price list.

i
ICAR

Solar Water Pumping (SWP) Initial System Planning Tool

HH T g yuTTelie! URTFITE AlsTar 3ol

Update price list

This design workbook serves as a basic sizing tool to estimate the cost of
solar water pump.

The designer should use the buttons given in the sheets to navigate the tool
2 rather than clicking on the sheet name at the bottom. This ensures that the
values are updated properly.

For systems up to 30HP or 200m head, a single stage SWP system will be
3 proposed. For all systems above 30HP or more than 200m head, two-stage SWP
system will be proposed.

1 This design workbook is applicable for AC solar water pumping systems only.

The maximum pump size available for single stage is 30HP. This makes the
Limitations maximum cumulative pump size available for 2-stage pumping up to 60HP.
Although the sand content tolerance will differ for different pumps, the max
average sand content of the pumps taken for reference is 100 g/m3. Similarly,
the liquid temperature tolerance is up to +30°C for surface pumps and up to
+40°C for submersible pumps.

1 FA BAGA FISe AR UFAh] AI9Ta HeFla I+ aAZTend 21l

TESATETE T FRIEnt e e T e S urAe Rgwent ‘Start, ‘Next T 'Back Frwm
TEAEE T T | THE BTG TOTATEE ST HUSE H0HT FhoATae e |

30 TE 1 @1 2o T UTAT Tt SUTEHFST Uehed TXUT BATE= R IRes 8 30 T dran
oo BT TAE HeeT I WU greay TV AR wFaad TR |

AN AT AIE UF I TSR wIE aA130H T

A EATER AEEETE T TI0T WA FEFCaa Hdae 30 U Ul UFuwea T &read aqor JTe
THFCAT I o UL U7 UFUHaa fEaATea Tt HieheTes | ATeETent ST 319 Fert B 0T
AT T ST U, T AR T TRt Tt aTedTen AT 29 Faet e
S & 100 gim3 # 1 TR T TFaeed! T +90°C I I e
TFTERR AT FAFUH & 3 Weatviae Uaueean! AT +40°C U 10 Faan 3T
TRTH =1

Figure 5: '1. Read Me' page
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Update the prices with its remarks in the light pink columns.

Figure 6: 'Reference Prices' update page

3.2 Applicant and designer information

The first step of the design tool is the applicant and designer information in the ‘2. Applicant’ sheet (Figure 7).

Applicant information

Designer information

14 | Solar Water Pump Sizing Tool

The applicant information section records the details of the applicant for
whom the solar water pumping system is being designed.

It records the name, mobile number, province, district, municipality,
ward, tole, application type and the ownership type.

The selection of application type is important because this updates the
successive steps of the tool based on parameters required for irrigation
or drinking water.

The designer information section records the details of the designer who
is using the tool. This is required in case any user of the tool would like to
update the data inputs or would like to refer to the original designer in
the future.

It records the name, designation, office and the date.

- The Governmant of Nepal . .
Winitry of Evergy, Walss Revrces and bigation IZ e
Asarsdtg ey Prometin Conce (ALPC) <k 3%
g bt g am e Sy e

Applicant information/ sTdaerent aT3aT

Full name JRT T Manisha Designer inpuy TETETH SGE

Mobile number ATITS HFaT 9851706888 Designer inpuy TERFATT AT

Province/TRer [ Sedurpeschim | oropconn/Terr v i

Oiseier RN Dot Deslgnes Inpur/TErFT Fge Applicant
Municipality, Rural Municipality TSy, serqana Dipayal sigadhi Designer inpul/ RERTERTTH SAYE information
Ward no. /851 = 5 Designer input/ T EIgT

Tole/2TeT Desiner input/FTE EAge

Application type /ITHIRT TZRT Oropdawn/TRTFCOTE BRTRR

Drinking water lype/IRTUT-E G = | DropdownTHRCATE SRR

Owivership type ATITHEERR TR K it | Drowdam TFRATC DR

Full narme ot designer/FEATSSIEER Q1 11 Shyam Designes inguu TETETH B Designer
Designation of the designer/T=Tg-14e! UZ Engineer Desianer input/ETETTR F1gT information
Name of the o aw MopID, Ohangadi Designes inpuy/ BemaTal sage

Dare/FRTE 13mn Designer Inpuy TEATEATH ST

Figure 7: '2. Applicant' page



3.3 Location

Note: This input is applicable only for irrigation.

If the application type ‘Irrigation’ is selected on the
first page, the next page carries the user to the
project location page. The map of Nepal is
arranged in a grid with latitude and longitude in the
left and top axes (Figure 8). Based on the selection
of the project location cell, the tool retrieves the
soil, temperature and rainfall data which is used to
calculate the water requirement for irrigation.

The user must select the cell where the project is
located, click on ‘Load Climate Data’ and click ‘OK’.
The tool may take a few seconds to retrieve the
climate data, after which, the next page on
‘Cropping System Details’ is displayed.

Latitude Longitude

Important:

= Do not click on cells outside of the map
boundary OR in the black cells, or else an error
will pop up. The black cells are those for which
the soil data is not available. Choose the nearest
adjacent cell instead.

= The user cannot input the latitude and longitude
values in the cells above the climate data chart.
The latitude & longitude values and the chart
are updated based on the selected project
location from the boundary map and displayed
for reference only.

Select project location by selecting the cell of interest and click 'Load Climate Data'

UTeIhT 1< HIAT URATSATERT 87 AN {7 SRMUH Hel' SAIC TN 'Load Climate Data’ frras T1ferd|

v

26.25

$0.00 | 80.25 | 80.50 | 80.75 | 81.00 | 81.25 | 81.50 | 81.75| 82.00 nus‘um’urs 85.00 | 83.25 | 83.50

84.25 | 84.50 | 84.75 | 85.00 | 85.25 | 85.50 | 85.75 | 86.00 | 86.25 | 86.50 | 86.75 | 87.00 | 87.25 | 87.50 | 87.75 | 88.00

Avoid clicking in black colored cell. No soil data available.

Load Climate Data

T BTRGHT TFoldh dITdalcll | =aalch! HICIh! ATTRNT TH FASoldT i5eT |

Select cells that are inside the map
boundary and avoid black cells.

Figure 8: ‘3. Location’ page
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3.4 Cropping system details

Note: This input is applicable only for irrigation.

For irrigation, the next page carries the user to the
cropping systems details page. The user shall
provide the information regarding type of crops, land
area, cropping pattern and method of irrigation.

Select
crop

The Government of Nepal
Ministry of Enargy, Water Rksources and Irrigation
Alternative Energy Promotifin Centre (AEPC)
Making Renewable Energy Mamstoam Supoly in Nepal

S

Input land

area

The user can select up to ten crops. For each crop,
inputs on the land area (in acres), planting date,
planting month and method of irrigation are
required. The daily water requirement for irrigation
is calculated based on these data inputs.

Input planting  Select planting
date month

(WM

International Water
Management Institute

Select method of
irrigation

Enter data in 'light yellow' col STl i AERSIL LI G RIG R
Crop/aTsht Pl xting PIantYng Irrig.al:iz:n'lv
(FFex) date /0T 317 | month/T0T AT | system/Ri=msen! goTrelt

Crop 1/aTefl ¢ | Potato Early sown) | 1 1 [ gan | | suaceitiod ~|
Crop 2/aTel 2 |[Potato Estysown) ¥ | 0.5 5 et ¥ | [[sutaceiood |
Crop 3/areft 3 || vegetebie-Summer v 0.5 7 Feb || sutaceitiood ~|
Crop 4/aTell ¥ |[Mungbean | 1 7 | g || [ sutaceitiood ~|
Crop 5/aTelt 8 || none ~| 0 0 [ Feb | Hore ~|
Crop sjaﬁ\ﬁ & nnne—z[ 0 0 Ot z[ INone j
Crop 7/aTelt || none ~| 0 0 Feb | | Here |
Crop 8/aTelt ¢ |[rone | 0 0 { Jan | | tore ~|
Crop 9/arefi & || nene | 0 [ [ Fab v | | ore ~|
Crop 10/4Telt 20| none > 0 0 | sep LI | Hore |

=3

Figure 9: ‘4. Crop select’ page

3.5 Design inputs

On the design inputs page, the user shall input a
few technical information that is required for the
estimation of electromechanical and civil

components of the solar water pumping system.
The data inputs are described as follows:

Irrigation

Drinking water
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After the input provided in the ‘4. Crop select’ page, the
‘5. Design inputs’ page is displayed

After the Applicant and Designer Information page, the ‘s.
Design inputs’ page is displayed.



Data inputs that are displayed for irrigation only (Figure 10)

Number of days allocated
for irrigation in a month

The ‘number of days’ of irrigation in a month determines the
pump discharge capacity to meet the monthly irrigation
requirements. For example, a higher number of days of irrigation
in a month reduces the estimate of pump discharge. Similarly, a
lower number of days of irrigation in a month increases the
pump discharge capacity as the same quantity of water is to be
applied over fewer days.

Data inputs that are displayed for drinking water only (Figure 11)

Population

Is the water
requirement known?

Specify daily water
requirement

The Government of Nepal

8

Ministry of Energy, Water Resources and Irigation
Alternative Energy Promotion Centre (AEPC)
Waking Renewatie Energy Wansiream Sussiy i Nepal

For drinking water, the population is the key determinant for
the daily water requirement. Refer to Section 8 on how the
daily water requirement for drinking water is calculated.

For drinking water, this option allows the user to either
select the daily drinking water requirement calculated by the
tool or use a user-defined value. The user shall choose either
‘Yes’ or ‘No’.

If the user selects ‘Yes’ in the ‘Is the water requirement
known?’ input, the user shall input the desired daily water
requirement in litres per day.

Page screenshot for irrigation

Estimated daily
water requirement

7 oop (WM
7o 612) GimbM International Water

Management Institute

snpois
ICAR

No. of days of irrigation in a month

30 Designer input/BE=itd Zage
wfas s afa e
. . This is automatically selected water requirement
Estimated water requlrementlJWﬁH arfiept BT ivers/dny (FET TR f2) b3sed on reference values
HATGhdl At TR (automatically) TUAT IR 31
Head User input, maximum vertical height at which water needs to be discharzed
T =y 3 150 SAE, HIUTHH SaTS T U et HIATH &
Tvpe of water source C—
igner input/EaTE=E F0E
=T Hiden! G
Pipe material .
| Desiener inpuy/RsTERE S=gE
]
Pipe diameter 65mm Designer input/B=TE=Iea F198
USUH! AT5eT
Distance from solar panels to pump
AR T 2 mmaﬁ‘rqﬁ 60m tur:rs:::;sz;::s;:;:‘ag::es will be used 1o estimate the AC cables and
Distance from pump to distribution reservoir 00 SAE, AT giEvel A T UISUH] HFAE ciliSS
- m
UF ST urelt faaRoT gareh! wFent gl
Local name of water source .
Tallo Pali Designer input/IE=TE=Ra S0E
I et A
Select subsidy scheme Ty Dropdovn/RRECATE TR

Figure 10: '5. Design inputs' page for irrigation
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Common data inputs

Head The head is the vertical height between the water source and the
highest point of the distribution reservoir.

Type of water source The user shall select the type of water source with options ranging
from tubewell, open well, stream, pond, river and tank/lake.

The selection of the water source will update the additional head
required to pump water from the source to the distribution reservoir.

Pipe material The user shall select a pipe material which will be required to
calculate the head loss.

Pipe diameter The user shall select an estimated pipe diameter that can be used
in the project. This will be required to calculate the head loss.

Distance from solar The user shall enter the estimated distance from the solar array to
panels to pump the pump. It is assumed that the controller is placed adjacent to
the solar array.

This distance is required to estimate the power cable to the pump.

Distance from pump to The user shall enter the estimated distance from the pump to the
distribution reservoir distribution reservoir. This distance is required to estimate the
length of the water transmission pipe.

Local name of The user shall enter the name of the water source (if any). This will
water source help the user to identify the water source locally in later stages.
Select subsidy scheme The user can select the subsidy scheme of the project. There are

three options to choose from: (i) No subsidy,

(i) User-defined subsidy and (iii) AEPC scheme. Based on the
selection, the percentage (%) of the total project cost is split into
subsidy and applicant contribution amounts.

No subsidy: In this case, only the total project cost is displayed in
the report.

User-defined subsidy: In this case, the user shall enter the subsidy
as a percentage of the total project cost. The subsidy amount is
then displayed in the report.

AEPC scheme: In this case, the tool takes a 60% subsidy of the
total project cost for irrigation application and a 90% subsidy for
drinking water application in alignment with the AEPC’s Renewable
Energy Subsidy Delivery Mechanism 2022. The subsidy amount and
the applicant’s contribution are displayed in the report.
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Page screenshot for drinking water

2 The Government of Nepal 4 ) . w Ml
Ministry of Energy, Waler Resources and Irrigation I Z o N |
Alternative Energy Promotion Centre (AEPC) Zus: (61Z) GmbH International Water
Management Institute
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Is the water requirement known?
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=l Hide! UHR
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Pipe diameter

65mm Designer input/ B AE
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o qﬁ transmission pipe length
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Local name of water source o Designer input/ =TSR ST
Select subsidy scheme
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STIGTTER] SATHRT

Back Next

Figure 11: '5. Design inputs' page for drinking water

Note: After pressing the ‘Next’ button, it may take estimate based on the data inputs. A ‘Computing.
a few seconds for the next page to be displayed. Please wait...” message is displayed adjacent to the
This is because the tool is computing the design ‘Next’ button.

=
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3.6 Balance of Systems

The balance of systems (BoS) means all other The next page displays the BoS that has been
items except the solar panels, controller and automatically calculated by the tool. The user may choose to
pump, that are required to complete the solar proceed with the default items and quantity or edit the BoS.

water pumping system.
The following describes the items in the BoS:

Items which are always included in the bill of quantity

DC cable length - The DC cable is calculated for solar array interwiring and
array to inverter connection to the inverter/controller. It is assumed that the
inverter/controller is located adjacent to the solar array.

AC cable length - The AC cable is calculated based on the input of the distance
inverter to pump from the solar array to the pump with a design margin added
i.e. 5% by default.

MCB - PV disconnector Miniature Circuit Breakers (MCB) must be included to protect
(protection) the system from overcurrent. Multiple MCBs are to be used for
separate strings of the solar array.

DC SPD - array to DC Surge Protection Device (SPD) must be included to protect
inverter (protection) the system from high surge currents.

AC SPD - inverter to AC Surge Protection Device (SPD) must be included to protect
pump (protection) the system from high surge currents.

Controller box The controller box must be included to house of the inverter,

MCBs, DC & AC SPDs and other control equipment.

Lightning air terminal rod The lightning air terminal must be included to protect
the system against lightning strikes.

Cable conduits The cable conduits must be included to protect the power cables.
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Additional items with

the option to include to exclude from the bill of quantity

(all selected by default)

Remote monitoring unit

Intake reservoir
(stone masonry)
Distribution reservoir
(stone masonry)

A remote monitoring unit enables the system to be monitored
and controlled remotely.

Plumbing accessories include check valves, pipe fittings

(elbows, flange) etc.

The transmission pipe is the main length of the water transmission from
the pump to the distribution reservoir. The length of the transmission
pipe is calculated based on the input of the distance from the pump to
the distribution reservoir.

The intake reservoir is where the pump will be placed near or in the
water source. The cost included by default is for stone masonry.
The distribution reservoir is the highest point of the system where the
water will be pumped and stored. The cost included by default is for
stone masonry.

If the user is satisfied with the default values, click
the ‘Proceed with defaults’ button which will

generate the report (Figure 12).

S

The Government of Nepal
Ministry of Energy, Water Ry

Alternative Energy Promotion Centre (AEPC)
Making Renewable Energy Mainstream Supgly in Nepal

If the user wishes to edit the default values,
click the ‘Edit items’ button.

Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

IWM)

International Water
Management Institute

esources and Irrigation

giz

Ltad
ICAR

Do you want to proceed with the default items in the system or make changes?

wferaifa farese! T 3 Aefaer Asggeo o argeem! AT 3mhel 3o0id e

These are items which are always

; h _ _ Proceed with defaults/
included in the bill of quantity.
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PP ReRered bonorcorengeern, - 5............................:
H o H
E DC cable length - array to inverter E : 68m E Emthtemar
= ACcable length-invertertopump = = 63m H
E MCB - PV disconnector (protection) E : Inos. E EIToehl ATAL
= DCSPD - array to inverter (protection)e E 1nos. A
* ACSPD-inverter to pump [protectionf =  1nos.
= Controller box H E 1nos. 0
E Lightning air terminal rod S :  1nos. E
= Earthing rod 5 E 2nos. O
= Cable conduits :o: sm :
H . H = . .
E E Incléded inthe BoQ? Default capacity E Click here if I.JSGI“ chooses to
E Remote monitoring unit E E Yes E proceed with the default
+ Plumbing accessories 5 E Yes 5 values.
E Transmission pipe S E Yes 550m E
= Intake reservoir (stone masonry) 5 E Yes 4m3 5
i Distribution reservoir (stone masonry E . Yes em3 E

- L

Click here if the user
chooses to edit the default
values.

These are additional items with
the option to include to exclude
from the bill of quantity.

These are all default values
estimated by the tool.

Figure 12: '6. BoS query' page
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3.7 Edit Balance of Systems

Note: This page is displayed only if the ‘Edit items’
button is selected in the previous page ‘BoS Query’.

While the tool automatically estimates the BoS, the
user can edit the BoS if desired. In the ‘BoS’ page,
the user can view and edit the BoS (Figure 13).

The top section of the page titled ‘Balance of
Systems’ lists items that must be included in the
system. Here, the user can view the design margin
(in percentage and where applicable)

that has been included to calculate the default
quantity of each item. If the user wishes to edit the
default value, the user shall go to the ‘Use default
quantity?’ column and select ‘No’. Then the column
titled ‘User-defined quantity’ is displayed, in which
the user shall input their value.

Quantity of
default items

= The Government of Nepal
Winistry of Energy, Water Resources and Irigation
Aternative Energy Promotion Centre (AEPC)
Making Renewable Energy Mainstream Supply in Nepal

Default quantity
AT
DC cable length - array to inverter
AC cable length - inverter to pump 63m
MCB - PV disconnector (protection) 3nos.
DC SPD - array to inverter (protection) 3nos.
. ACSPD - inverter to pump (protection) 1nos.
Hi ‘ Controller box
t ‘ Lightning air terminal rod 1nos.
ﬂ Earthing rod 2nos.
| ¢ Cable conduits 82m
1|
BoQ inclusion
forer 3 FreRrem=n
FERR T TLATS?

g

Remote monitoring unit

g

Plumbing accessories

g

g

=
.
.
.
a
Transmission pipe .
Intake reservoir (stone masonry) .

.

=

Distribution reservoir (stone masonry) Yes

------T -----

The bottom section of the page titled ‘Additional
items with user choice for BoQ inclusion’ lists items
that can be removed from the bill of quantity
altogether. If the user wishes to remove an item,
select the option ‘No’ in the ‘BoQ inclusion’ column.

Similarly, the user can view the design margin (in
percentage and where applicable) that has been
included to calculate the default quantity of each
item. If the user wishes to edit the default value,
the user shall go to the ‘Use default quantity?’
column and select ‘No’. Then the column titled
‘User-defined quantity’ is displayed, in which the
user shall input their value.

Note: After pressing the ‘Next’ button, it may take
a few seconds for the next page to be displayed.
This is because the tool is computing the design
estimate based on the quantity edits. A
‘Computing. Please wait...” message is displayed
adjacent to the ‘Next’ button.

Percentage of Select default  Enter user-defined
margin included in  quantity or user- quantity (if
the default quantity  defined quantity selected)

IWMWI

Internat fnal Water
Managerflent Institute

. . Use default quantity? N
Design margin Srifea s al User-defined quantity

7 FEE A Soeid Teforg
I a1 FAIH? .
No 20m
5% Yes
Yes
Yes
Yes
No 2n0s.
Yes
Yes
5% Yes

ity? User-defined
Default quantity Design margin Useaﬁdeifﬂauhmcwﬁ:nhtyh ) seraetine

quantity
A ST 31 I ar FAeE? AT Seoid e,
NA
NA
550m 10% Yes
No S5m3
11m3 Yes

Select whether to include Select default Enter user-
these items in the bill of quantity or user-  defined quantity

quantity or not

defined quantity (if selected)

Figure 13: '7. BoS' page
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4. Report

After completion of the data inputs, a 3-page
report is generated (Figure 14, Figure 15).
The report includes details of the estimated

system size and project costs.
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The report is intended to be the outcome of
the tool which can be exported/printed. The
following table describes the information

contained in the report.

Print button
based on
selection of
printer in the file.

Displays information of
the applicant, designer
and the system
application (irrigation or
drinking water)

Displays desired daily
water requirement and
the total dynamic head

Displays the sizing of the
solar water pumping
system

Displays the system
cost and subsidy
amount

Displays in the
potentially unutilized
energy that can be
optimised for multiple
use

This is a single stage system.

25

[T Y proey
- s s apsane
- e u aamam
£ wan i e
- s us amusa
- anss [ zamom

Gopper apme.
Komning termiral

p Displays
whether the
system is single
stage or double
stage.

Displays a
general single
line diagram of
[~ asolar water
pumping
system.

Displays different
pump size
scenarios if the
daily water
requirement is
reduced in
intervals.

Page 3

Management wasite

1
2 imverter- 104w T sama0 e
3 bumpetowe 1w oo o
4 BVaray mounting strctine 100 0 N
3 OCcather- ameytoiverter 200 0 o
6 ACables-inere oy e 10 ~
T MCR P dscomector 1 = 10880 e
B 0CS0-amayto verter w e 50000 wap
B ACSO. inverter tapump 1 e 1000 e
0 Controlierbox w e s0000 e
1 ghening rtarminaire 1w e aeso o
u Gaviegred » . 13m0 o
B/ NN 10 1940 ronet
M Cablecondits s 1081 :
B e 10w 10me0
1 Remote mostoingunt w e 10m00 e
U Plumbing sccevories 10 165620 7
B Tiacamisin pioe 00 uzo
9 whresneitmemmony]l S0 ) 171581
i | w W 17ase1
B Taegone s 0 ey
Imasllaton 10w 92000 o
sabtotal(4)
Contingeney.
Sl total (B)
var
Note: This Bo i indicative oniy aited

Figure 15: '8. Report' page 3
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PAGE 1

Feature Description

General information

System details

Energy utilisation

This displays the information of the applicant, designer, system
application (irrigation or drinking water) and the system ownership type.

This displays the desired daily water requirement and the total
dynamic head.

This displays the sizing of the solar water
pumping system:
- Solar array (PV) capacity
Pump capacity
Inverter capacity
- Transmission pipe length
Intake reservoir size (if selected)
Distribution reservoir size (if selected)
Pump type
- Water source type
- Water source name

This displays the system cost and subsidy amount.

The system cost is also displayed in per-unit values, namely:
NPR per acre: system cost divided by the total land area (for
irrigation only)

NPR per person: system cost divided by the total population
(for drinking water)
NPR per Wp: system cost divided by the solar array capacity

- The per-unit values help compare the cost of the system with
other designs.

A note is displayed at the bottom of the first page describing (i) the
total energy that the system can generate annually, (ii) the
estimated energy that will be utilised by the solar water pumping
system and (iii) the remaining utilised energy that can be utilised
for multiple purposes and encourages the user to plan for
maximum use of available energy.

The annual energy utilised for the solar water pumping system is
estimated with a fixed percentage i.e. 32% based on the capacity
utilisation factor calculated from phone surveys conducted by
IWMI in 2021%.

3 Shrestha, S., Gnawali, S.M. and Mukherji, A. 2023.

Grid-connected solar irrigation in Nepal: Exploring opportunities and identifying hurdles. Issue Brief

Series No. 06, Colombo: International Water Management Institute (IWMI).
Available online: https://solar.iwmi.org/wp-content/uploads/sites/43/2023/11/issue-brief-06-1.pdf
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PAGE 2

Feature Description

Single-stage or
double-stage system

What-if scenarios

On top of the single-line diagram, information is displayed
stating whether the system is single-stage or double-stage.

A general single-line diagram of a solar water pumping system is
displayed to help the user and the reader of the report get a sense
of the arrangement of the components of the system.

Note: This single-line diagram is only a general figure and does
not represent all the quantities included in the bill of quantity.

The what-if scenario presents the different pump sizes and system
cost scenarios if the daily water requirement is reduced in
intervals. The baseline (desired daily water requirement)
represents 100%, after which, the what-if scenario is run for 90%,
80%, 70%, 60% and 50% of the baseline water requirement. For
each scenario, the pump size and the system cost are displayed.

This allows the user to see how the project cost varies if the daily
water requirement is reduced, which may help in optimising the
system and meeting a desired budget or other project constraints.

Feature

PAGE 3

Description

Bill of quantity

The bill of quantity tabulates the breakdown of the project cost
which is required for transparency and decision making to include
or exclude optional system components.
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5. Water Requirement and Dynamic Head

Irrigation water requirements are governed by the
type of crop, climate and soils of the region. The
tool estimates irrigation water requirements using
the combined approach of crop evapotranspiration
and a soil water balance. Reference crop
evapotranspiration (ETr) is estimated using
Penman-Monteith method
(Evapotranspiration-based Irrigation Requirement
(ETIR) subroutine) and root zone water balance is
simulated using Root Zone Water Balance (RZWB)
subroutine. The tool works out crop
evapotranspiration (ETc), effective rainfall (Pe),
and irrigation water requirement (Ir) for each crop
in the selected cropping sequences over a 10-year
period (2009-2018) at a daily timestep. The
detailed procedure is outlined in the following
sections.

The PMET subroutine

The tool uses PMET subroutine to compute daily
reference evapotranspiration (ETr) using FAO-56
Penman-Minteith method which is then converted
into Crop Evapotranspiration (ETc) using crop
coefficients (Kc) for different crop growth stages
(Allen et al., 2005)*. Daily maximum and minimum
temperature, latitude and altitude of the grid point
(or location) are inputs to the PMET module. Other
input parameters to PM method viz. humidity,
radiation, wind speed are estimated using the
inbuilt functions as specified in FAO-56 (Allen et
al., 1998)° and (Zotarelli et al., 2010)°. FAO-56
method has been selected as it closely
approximates grass ET_ at the location evaluated,
is physically based, and explicitly incorporates
both physiological and aerodynamic parameters.

900
B 0.4084 (R, — G) + ymﬁuz(es —e,)

ET, =
2 A+y(1+034u,)

The ET_is estimated as;

Where,

ET = reference evapotranspiration (mm day”),

R = net radiation at the crop surface (MJ m™ day™),
G=soil heat flux density (MJ m day™),

T= air temperature at 2 m height (°C),

u,= wind speed at 2 m height (m s™),

e = saturation vapour pressure (kPa),

e = actual vapour pressure (kPa),

(e, - e )= saturation vapour pressure deficit (kPa),
A= slope vapour pressure curve (kPa °C™),

G= psychrometric constant (kPa °C™).

The ET_ at daily time step is obtained by
multiplying the ET with K .

ETc =ETo*Ke

Daily values of ET_are then aggregated to get the
monthly ET__values of a crop for each calendar
month as;

n
ET., = ZETO]- x Kc¢;
j=1

Where, ET__is the monthly ET_of month m, and
ETo, is the reference evapotranspiration on j*
day of the month and n is total number of days
in a month.

Irrigation water requirement of the crops is
obtained after adjusting the estimated ET_for
effective rainfall and efficiency of system of water
application selected for each plot. In this tool, the
Soil Conservation Service effective rainfall
estimation method developed by the United States
Department of Agriculture (USDA-SCS method) is
used to assess the effective rainfall. In the tool,
the month implies the calendar month of the year.
Based on sowing and harvesting dates, the SIPS
tool makes necessary adjustments in P_to consider
only those days of the starting and end months

4 Allen, R.G., Walter, I.A., Elliott, R.L., Howell, T.A., Itenfisu, D., Jensen, M.E., and Snyder, R.L. 2005. The ASCE Standardized Reference Evapotranspiration

Equation. Am. Soc. of Civil Eng., Reston, VA.

5Allen, R.G., Pereira, L.S., Raes, D., and Smith, M. 1998. Crop evapotranspiration - guidelines for computing crop water requirements, FAO Irrigation and
Drainage Paper #56, Rome: Food and Agriculture Organization of the United Nations (FAO).

¢ Zotarelli, L., Dukes, M.D., Romero, C.C., Migliaccio, K.W., and Morgan, K.T. 2010. Step-by-Step Calculation of the Penman-Monteith Evapotranspiration
(FAO-56 Method), IFAS Extension, University of Florida, Florida, available online: http://edis.ifas.ufl.edu.
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which are part of the crop growing

period, so that the P_of the start and end months
is not overestimated. The effective rainfall is
calculated as;

Pem=Pmx (125- 0.2 X Pm)/125 for P<250 mm

Pen=125+0.1 X Pny for P>250 mm

Where, P.n is the effective rainfall (mm) of m®
month (mm) and P. is the Total rainfall (mm) of m«
month (mm). Irrigation water requirement of a
month (I=) is the portion of the monthly crop
evapotranspiration (ET.) that is in excess of
monthly (P.n). The monthly irrigation water
requirement of the crop is then estimated as;

Irm =ETem —Pem if Pem <ETem

Im=0 if Pem>ETcm

The irrigation requirement obtained using the
above equations is the net irrigation water
requirement of the crops. The gross irrigation
water requirement (/) is estimated considering the
irrigation efficiencies of the respective irrigation
methods in each plot. In the tool, the irrigation
efficiencies (IE) of surface, sprinkler and drip
systems are considered as 45, 75 and 90%,
respectively. The gross irrigation water
requirement is converted into volumetric units by
multiplying the .., of each plot with the area of the
respective plots.

L
frms = g
j=K
v - ermgj x 4
mI 4000
j=1

Where, K is the number of plots considered in the
command area of the solar pumping system, ling is
the monthly gross irrigation water requirement of
J™ plot (mm), Aj is the area of the /" plot (acre).

The online version of the toll has no limitations on
number of plots but in the excel version, number of
plots are limited to 10. Factor 4000 is added in the
denominator of above equation to convert the crop
water requirement in the units of litre per month.

The RZWB subroutine

The RZWB subroutine simulates the root zone
water balance on a daily timestep, accounting for
inflow and outflow processes within the root zone.
To solve the water balance equation for specific
crop and soil combinations, daily values of crop
evapotranspiration (ETc) are obtained from the
PMET subroutine, as outlined previously. Soil
properties such as saturation percentage (SP),
field capacity (FC), wilting point (WP), and
maximum deep percolation rate (DPm) are
retrieved from the gridded soil database for each
grid point. Additionally, the initial soil water
content is a crucial input for the model; the RZWB
subroutine allows users to set the initial soil
moisture either at field capacity or at a
user-specified value before the growing

period begins.

The simulation starts with the computation of ‘total
water’ (TW) which is the total inflow of water in the
modelling domain. Mathematically, it is the sum of
‘residual soil water’ carried forward from the
previous day and ‘rainfall + irrigation’ of the
present day. This is the total inflow into the system
which will be distributed among different outflow
components as the simulation period progresses.
Conceptually, TW represents the soil water
storage, ponded water, potential runoff and deep
percolation on a particular day (Figure 16). Note
that the model assumes that lateral inflows are
balanced by outflows and there is no upward flux
from a shallow water table.

; [, Runctf(rO)

Allowable ponding [AP)

Tatal water
Soil water [SW)

J Deep percolation (DP)

L

Figure: 16 Conceptual representation of total water
on ith day within the crop growing period
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On the first day of the crop growing period, the
simulation starts with the total water as a sum of
initial moisture content (MCi), rainfall (Pi) and
irrigation (Iri) on day-1 (i*" day). Using the water
balance approach, the residual soil water (RSW) on
i"" day is estimated considering the ET, RO and DP
on {*" day as follows:

TWi = MCL + (Pl + ITi)

RSWl = TWL - (ETC,: + ROL + DPL)

The residual moisture content on i*" day is carried
forward to next day (i+1), and the total water on
(i+1)" day is estimated considering the P and Ir on
(i+1)" day. The residual soil water on (i+1)" day is
then obtained after accounting for the ETc, RO and
DP estimates of (i+1)" day.

TW(i+1) = RSWi+ (P(ar) + I7(41))

RSW(i41) = TW(i41) = (ET;(i+1) + RO(141) + DP(4+1))

Deep percolation and runoff

If the RSW is more than FC, the system is
programmed to deduct excess soil moisture
towards DP as per the following conditions. The
logic here is, if the residual soil moisture on a
particular day is not enough for deep percolation
to occur at maximum deep percolation rate (DP.),
then the excess moisture above FC should be
accounted for towards deep percolation loss.

If the RSW is in excess of FC + DPn, then the deep
percolation on that day should occur at the
maximum deep percolation rate of the soil.

DP = DP, if(Rsw — Fc)> (Fc +Dp,,)
DP = RSW — FC ifrRsw > Fc and rRsw<Fc + Dp,

DP=0 ifRsw < Fc

If the RSW is more than SP, the system is
programmed to deduct excess soil moisture
towards RO as per the following conditions.
RO = RSW(41) - SP ifRSW(;,1)> SP
RO=o0 if RSW(41) < SP

Runoff from Paddy fields: In the case of crops like
paddy, where fields are generally bunded, the
height of bunds may vary from 5-15 cm.
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If the selected crop is paddy, then the default value
of AP is set to 10cm however, the RZWB subroutine
has an option to input the user-specified depth of
bund (allowable ponding, AP).

RO = RSW - (SP + AP) if RSW > (SP + AP)

RO=o0 if RSW < (SP + AP)

5.1 Irrigation Water
Requirement

In the RZWB subroutine of the SIPS tool, if the
moisture content carried forward from the
previous day (RSMi) is below the critical limit (CL),
an equivalent amount of irrigation to bring back
the soil moisture level to field capacity is
considered as the irrigation requirement. The
default value of the critical moisture limit
(Management Allowed Deficit, MAD) is set at 50%
of the available water (50% MAD). Available water
is the amount of water present between FC and WP
of the soil.

CL = 05x (FC - WP)

L(+1) = FC - RSM, if RSM; < (WP + CL)

I (i+1)= © ifRSM; > (WP + CL)

The irrigation requirement obtained using the
above equations is the ‘net irrigation requirement’
of the crops. The gross irrigation water
requirement is estimated considering the irrigation
efficiency (IE) of the respective irrigation methods
in each plot. In the tool, the irrigation efficiencies
of surface, sprinkler and drip systems are
considered as 45, 75 and 90%, respectively.

n
ITi
Irmg = Zl
i=1

Where, I is the gross irrigation water
requirement of m™ month (mm) and n is the
number of irrigation events in the calendar
month under consideration, /. is the net irrigation
water requirement of the i irrigation event in m™
month (mm).
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The monthly gross irrigation water requirement of
a crop is estimated as the sum of the daily
irrigation water requirements of all the crops
within a calendar month. The total amount of
water applied during each irrigation event of the
calendar month is summed to get the monthly
irrigation water requirement. In the tool, the
month implies the calendar month of the year. The
gross irrigation water requirement is converted
into volumetric units by multiplying the I, of each
plot with the area of the respective plots.
Volumetric irrigation water requirement for each
calendar month m is calculated as;

Where, K is the number of plots considered in the
command area of the solar pumping system, Img is
the monthly gross irrigation water requirement of
j™ plot (mm), A;is the area of the j* plot (acre). The
online version of the tool has no limitations on the
number of plots but in the Excel version, the
number of plots is limited to 10. Factor 4000 is
added in the denominator of the above equation to
convert the crop water requirement to the units of
a litre per month.

Net system discharge

The number of days available for irrigation each
month is a crucial factor in determining pump
discharge. This availability is influenced by various
elements, including solar radiation, system
maintenance, and potential unforeseen
breakdowns. Additionally, farmers cannot
dedicate every day of the month to irrigation.

A greater number of operational days within a
month will reduce discharge requirements,
allowing for a smaller pump size.

To ensure that the chosen pump can meet water
demands throughout the year, the month with the
highest irrigation requirement is used to determine

the system's discharge capacity. From the array of
monthly values, the maximum irrigation water
requirement (Vmax) is selected for calculating
system discharge as follows:

Vinax = Max(Vmg) ........... m=1(January) to m=12 (December)

The design discharge of the solar pumping system
is estimated as;

Vm ax

Qs = N x 4.5 x 3600

Where, Qs is the design discharge of the solar
pumping system (l/sec), Vae is the maximum
monthly gross irrigation requirement (I) and is the
user-specified value of number of days available
for irrigation in a month. Note that the number of
days available for irrigation in a month is the same
for all months. Both the Excel as well as online
versions do not allow users to enter a different
number of days of operation for different months.
The factor (6x3600) is added in the denominator
to convert the discharge in the unit of l/day to l/s.In
the tool, the duration of pump operation a day is
fixed at 4.5 hrs.

5.2 Drinking Water
Requirement

The drinking water requirement is calculated
based on the input of the population and the type
of tap connection. There are three options for the
tap connections: (i) Fully plumbed connection,
(ii) Yard connection and (iii) Public taps.

Taking references from Design Guidelines of Urban
Water Supply and Sanitation (Sector) Project’” and
Kathmandu Valley Wastewater Management
Project - Dhobighat?, the liter per capita per day
(lpcd) are as follows:

7 GoN. 2021. Urban Water Supply and Sanitation (Sector) Project: Design Guidelines. Kathmandu: Department of Water Supply and Sewerage Management,

Ministry of Water Supply, Government of Nepal (GoN).

& GoN. 2018. Initial Environmental Examination, NEP: Kathmandu Valley Wastewater Management Project — Dhobighat. Prepared by: Project
Implementation Directorate (PID), Kathmandu Upatyaka Khanepani Limited, Ministry of Water Supply, Government of Nepal for the Asian Development
Bank (ADB). Available online: https://kuklpid.org.np/Content/Upload/document/safeguard/oB8oF3F2-FBAO-48A9-9BAE-C14BD126313A.PDF
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1. Fully plumbed connection: 135 lpcd
2. Yard connection: 70 lpcd
3. Public taps: 45 lpcd

The following parameters are used:

= Daily water requirement (W)

= Margin (M)

= Annual growth of population (G)
= Number of years of projection (Y)

The formula used to determine the daily water
requirement is:

DWR=P+W 1+ M)+(1+G)

Where,

DWR is the average daily water requirement used
for pump sizing

P is the current population

W is the daily water requirement per person

M is the percentage of margin/contingency for
daily water requirement per person

G is the percentage of annual population growth
Y is the number of years of the project

5.3 Dynamic Head

The total dynamic head is one of the key values that is
calculated which represents the sum of the water
lifting head (user input), geodetic head, and head loss
due to friction.

The total dynamic head is calculated based on user
inputs about the pumping water level, the distance of
the field from the water source and the diameter of
the conveyance pipe being used to carry water from
the water source to the field. The geodetic head
refers to the actual physical difference in height
between the pumping water level at the water source
and the highest point of the discharge. In estimating
the geodetic head, the tool considers the elevation of
the tube well head at the ground surface as the
discharge point while in the case of other water
sources elevation of the delivery side of the pump is
considered as the point of discharge.

Friction head is the loss of head on account of
friction in the pipes and fittings. The elevation
head is the elevation difference between the
delivery point at the water source and the highest
point in the command area of the system.

The head required for the operation of an irrigation
system (say, drip or sprinkler) is termed an
operational head requirement. The total dynamic
head is calculated as;

Hy = Hyeo + He + H, + H,

Where, H_ is the total dynamic head

requirement of the pumping system (m), Hoeo is the
geodetic head, H_is the friction head loss in pipes
and fittings, H_is the operational head
requirements for the irrigation system and H_is the
elevation head.
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Pump

Tube well

Pond or lake

Pump

Open well

Figure 17: Computation of geodetic head for different water sources (Image obtained from
IWMI India’s solar irrigation pump sizing tool user manual®)

Geodetic head

The geodetic head depends on the type of water
source and the placement of the pump with
respect to the pumping water level. In the case of
streams, the geodetic head is the difference in
elevation of the pump and the maximum possible
lowest water level in the stream. If the water

source is an open well, the depth of the open well

water source

The geodetic

is considered as the total geodetic head. If the

is a tube well, 95% of the depth of

the tube well is considered as the geodetic head.

head is limited to the maximum

practical suction lift of the centrifugal pump (7.0
m) in the installations where pumps are placed at

the ground surface (Table 1).

Table 1: Computation of geodetic head for different water sources

Water source

Stream

Tube well

Condition

WL

min

<7m

Submersible
pump

Geodetic head, m

9 Mali, S.S., Shirsath, P.B., Verma, S. and Sikka, A.K. 2022. Solar Irrigation Pump (SIP) Sizing Tool: Beta Version User Manual. ICAR, IWMI, BISA and GIZ
collaborative project. Colombo: International Water Management Institute (IWMI).
Available online: https://www.iwmi.org/tools/sip-sizing-tool/sip_sizing_manual.pdf
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Where, WL __is the minimum possible water level
in the stream with respect to pump (m), d_, dp and
d,, are the depths of tube well, pond and open
well, respectively.

Friction head in pipes and fittings

Friction loss through the pipes is a function of
water discharge (Qs) and the diameter (D) of the
pipeline. The tool accounts for the friction loss on
the suction and delivery sides separately. User
input is the diameters of the suction and delivery
pipes and the distance of the field from the water
source. The length of the suction side is assumed
to be the same as that of the geodetic head.

Hf= HS+ Hd+ Hﬁt+ Hsyst
Where, h_is the friction loss on the suction side of
the pump (m), h_ is the friction loss on the delivery
side of the pump (m), h_ is the friction loss in
fittings and accessories and hSyst is the friction loss
in irrigation system (applicable to pressurised
irrigation systems only).

The friction loss in the suction (h ) and delivery (h))
sides of the pump is calculated using the Darcy
Weisbach equation.

789,000*L *Q}”*
D 475
S

h

s =

j 789,000 L *Qi7
d= D +75
d

Where, L_and L, are the lengths of the pipes on the
suction and delivery sides (m), Q_ is the water
discharge (l/s) and D_and D are the diameters of
the suction and delivery pipes (mm).

The friction loss in fittings and accessories is
reasonably assumed as 10% of the total friction
loss in pipes.

hﬁt =0.1*h+h)
At the stage of pump selection, if the actual friction
loss within the selected system (drip or sprinkler)
is known, the user can directly input this value in
the tool for calculation of the system head. If the
water application systems are yet to be designed,
but the choice of systems for each plot has been
finalised then the friction loss within the water
application system is based on some thumb rule
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and the friction loss in these systems is assumed
as 10% of the operational heads of these systems.
h =o0.1*H
syst o
Where, hSyst is the frictional loss in the selected

system of irrigation (m), H_ is the operational head
of the selected water application system (m).

Operational head

Each irrigation system has its specific
requirements for its operation to achieve higher
application efficiencies. These head ranges often
vary from 2 m in the case of gravity-fed systems to
about 80 m in the case of rain guns. A variety of
water application devices are available in the
market with a wide range of operational head
requirements. It is a bit difficult to generalise these
ranges for its implementation in the tool. As in the
case of frictional losses within the water
application systems, here also user gets the option
to input the actual operational requirement of the
system or use the default value of the operational
head for the selected water application method.
The default system operational heads considered
in the SIPS are presented in Table 2.

Table 2: Default values of the operational head of
different systems

Irrigation method | Operational head (m)

Surface/flood o
Driportrickle | o
| vemeites | w0 |
| s | - s

Elevation head

The elevation head is the difference in the
elevation of the highest point in the command
and the elevation of the pump discharge point.
The tool assumes that the land is flat and the
default value of elevation is set equal to zero.
However, users get an option to override the
elevation head where they can input the actual
elevation head obtained from field surveys or
visual observations of biophysical conditions
within the command area.



6. Pump Selection

After the data inputs are completed and the tool
estimates the total dynamic head, the pump

1 The tool has 207 models of
market-available pumps in its database.
- The capacity of the pump ranges from 0.5
HP to 30 HP.
- The manufacturers taken for reference
include Pedrollo, Pluga and Latteys.

For each pump, the type of pump
(submersible/surface), its capacity (kW/HP)
and pump curve (head vs. flow) have been
recorded. Similarly, the efficiency of the
pump at each operating point has been
calculated.

2 Based on the desired water flow (m3/hr)
and the total dynamic head, the tool selects
the pump according to the following
criteria:

- The desired water flow (m3/hr) and the total
dynamic head is met,

- Pump efficiency must be at least 65% at the
given operating point,

After determining the pump capacity, the inverter
capacity and the solar array size are matched to
the horsepower (HP) of the pump.

The reason for matching the solar array size to the
pump capacity in HP is that this allows for a 1.34
DC:AC ratio allowing margin for system losses.

6.1 Bill of Quantity

After determining the pump capacity, the bill of
quantity (BoQ) is estimated, which includes

(i) electromechanical components,

(i) civil components (water transmission and
distribution reservoir only), and

(iii) installation & transportation.

capacity is estimated based on the following
methodology:

- Out of the options that meet the above two
criteria, the pump with the lowest capacity
is chosen.

3 If there are no pumps that match the above
selection method, the tool falls back to a
theoretical estimation of the pump size. The
following formula is used:

Hydralic Power, P, _ g pg-h
3.6 *10°

Shaft power, P__ P,

Where,

q is the water flow rate

p is the density of water: 1,000 kg/m?

g is the acceleration due to gravity: 9.81 m/s?
his the total dynamic head

n is the pump efficiency: 65%

Note: The civil components include items for water
transmission and distribution reservoir only.
Components for water distribution are not
included because these are highly site-specific and
require a detailed survey.

The tool has a pre-defined set of BoQ generated for
the following ranges of pump capacities:

- 1-2HP

- >2-5HP

- >5-7.5HP

- >7.5HP -10 HP

- >10 HP - 20 HP

- >20 HP - 30 HP
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Depending on the selected pump capacity, the
tool extracts the respective pre-defined BoQ with
its component quantities, general specifications
and per-unit component weights™. The tool
updates the number of components respective to
the design (for example, updates the AC cable
length based on the user input of the distance
from the solar array to the pump).

6.2 What-If Scenarios

It then calculates the system cost from the rates
specified on the ‘Price’ page.

Notes:

= The cost of solar panels is tax exempted and no
VAT is calculated for this item.

= A 5% contingency is included in the system cost.

The report generates a what-if scenario of reduced water requirement scenarios (Figure 18).

Liters/ Pump size System cost

day (HP) (NPR)
Base(100%) 96,113 25 3,670,120
90% 86,502 17.5 3,069,190
80% 76,890 15 2,923,977
70% 67,279 15 2,8883,261
60% 57,668 12.5 2,730,847
50% 48,056 10 2,294,069

Figure 18: What-if scenarios:Reduced water requirement scenarios

The what-if scenario presents the different pump
sizes and system cost scenarios if the daily water
requirement is reduced in intervals. The baseline
(desired daily water requirement) represents
100%, after which, the what-if scenario is run for
90%, 80%, 70%, 60% and 50% of the baseline

° Component weight is used to calculate the transportation cost
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water requirement. For each scenario, the pump
size and the system cost are displayed.

This allows the user to see how the system cost
varies if the daily water requirement is reduced,
which may help in optimising the system and meeting
a desired budget or other project constraints.
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