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1. Introduction

The Center for Study of Science, Technology and Policy (CSTEP) built the CSTEP’s Solar Techno-
Economic Model for Photovoltaics (CSTEM PV). It is an open-access, Web-based tool which can
serve as a useful model to perform prefeasibility analysis for utility-scale and mini-grid solar
plants from a techno-economic standpoint. To establish ease of access and utility, the
researchers at CSTEP built this model based on publicly available/open data. It is aimed to cater
to policymakers, researchers, and industry-trackers for informed decision-making.

This tool is available at http://cstem.cstep.in/cstem/

It has two access options:

e Registered User - Access to all features of the tool for case simulation, including
download of outputs in excel and image formats

e Guest User - Access to all features of the tool for case simulation; no provision for
download of outputs in any format

This work is licensed under Creative Commons Attribution-Non-Commercial 4.0 International
License and is additionally bound to this disclaimer.

Ease of access and use has been a cornerstone in the design-thought process. The user interface
of the tool has been designed to be intuitive and informative to the best possible extent. This
manual covers the following topics to provide additional guidance to the user via screenshots:

e C(reation of user account and log-in
e Building a new case
e Means to download outputs

2. Homepage and User Access

The landing page of the tool presents an introductory video and provisions for registration /
login. The menu options provide the following information:

e About - Brief details about CSTEP and the features of the CSTEM tool

e Publications - Support publications like the manual for the tool, technical reports
detailing the mechanics of the tool and some additional relevant publications

e Credits - List of team members who contributed to the development of the tool

o Feedback - Section to provide feedback, post queries and comments

e Contact Us - Contact information of CSTEP

e Disclaimer - User code of conduct, terms and conditions for using the tool

Figure 1 to Figure 3 provide some guiding information about the landing / homepage

| WWW.CStep.in

CSTEP =


http://cstem.cstep.in/cstem/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://cstem.cstep.in/cstem/#/terms
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Figure 1: Home page: Pre-login
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Figure 2: Access for existing users
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Figure 3: Registration for new users

www.cstep.in

CSTEP =



3. Building a Case for Analysis

Figure 4 illustrates the post-login landing page. The users can choose to:

e (Check a demo-case to understand the various kinds of outputs presented post-
simulation for a preset case definition
e Simulate their own case of interest

C Home About Publication Credits Feedback ContactUs Disclaimer (STEP Logged in as Harshid Logout

Demo Cases
- &
Utility Grid Connected Mini Grid Off Grid Mini Grid

Coordinates: 27.13°N, 71.17°E Coordinates: 26.66°N, 92.41°E Coordinates: 11.46°N, 92.65°E

Target PV Capacity: 1 MWp Daily Aggregate Load: 114.8 kWh Daily Aggregate Load: 114.8 kWh

Financial Case: Subsidy and Bid Analysis Financial Case: Subsicy and FIT Analysis @ Financial Case: Subsidy and FIT Analysis @

Technalogy: PV Technology: PV and Storage Technelogy: PV and Storage

Tracking: Fixed Panels Tracking: Fixed Panels Tracking: Fixed Panels

» P ——
Ve B

e _ ) . N T s— Click Lo build a customised

*  Click to view pre-simulated demo cases. case of interest

*  These illustrate the various outputs and
insights that would be generated for a
chosen case

Figure 4: Post-login landing page

The inputs template differs for simulation of utility-scale and mini-grid systems. These are
illustrated in sections 3.1 and 3.2. The output template however is similar for both utility and
mini grid systems. The broad details and information pertaining to download of outputs is
presented in section 4. Default benchmark numbers and valid ranges have been provided at
every step to guide the user for building the case.

3.1 Inputs: Utility-Scale PV plant

Figure 5 to Figure 14 illustrate the details of the inputs sequence for simulating a utility-scale PV
plant after clicking the ‘Build New Case’ button in Figure 4. The broad sequence of inputs for
simulating the case is as follows:

e (ase definition (Figure 5)

e Input-output mapping for a utility-scale PV plant (Figure 6)

e Choosing location of interest and additional details (Figure 7 and Figure 8)
e Plant-design details (Figure 9)

e Choice of technology (Figure 10)

e Loss and related details (Figure 11)

e (apital-cost-related components (Figure 12)

e Operation cost, bid and subsidy information (Figure 13)

e Financial parameters including loan, tax, etc. (Figure 14)

L I ———— WWW.CStep.in
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Tool tips provide supporting
/‘ context, hover on them for details

| Choose the broad )
parameters to
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simulation

| Models to be
added soon

t@® O Mini Grid @

Post case definition, click
on submit when
completed

Figure 5: Case definition - utility plant
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illustrates the
inputs taken
from user and
outputs that
will be
generated post
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m <«—— Click to choose location of interest ‘

Figure 6: Input-Output map for simulating a utility scale PV plant
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Figure 8: Choice of surface area

Resets the case and redirects
to case definition page
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Plant Details Teenology cost ©&M and Other Details Financial
() Show Advanced Gptions
~
Plant Details [ Click on the fields to view valid ranges. }
Check, to
Target Gapacity (MWp) Plant Life (Years) view
advanced
1 25 .
input
. N — N parameters
Array Structure [ Tool tips provide additional context, hover for details ] v
Array Height (m) \ °

15 (]

Ground Gleasance (m)
Move to ‘Technology’
menu

05 ]

Array Tit (Degreesy:
26.791821 (]

Amay Onentation (Degrees):
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Optimise or Best Soiar Gonaiton If checked, plant design is optimised such that the Max. pre-loss DC
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Figure 9: Utility PV plant design
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Show Advanced Options

Move lo
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Here we chaose the desired module and Power Cenditioning Unit (PCU) for the plant.

Details’ Module Power Conditioning Unit (PCU)
menu

—

nufacturer:

(" Technology

¥ Mutt Crystalline: v Select Manufacturer .

J
—_—
Select Manufacturer . Select Model Select Model
|
- Length (m) Breadth {m).

) Second, choose the PCU from the filtered
First, choose PCU set in order - Manufacturer and Model
Module from WModuie Typs (m)
drop down

menu in

Move to ‘Cost’
menu

order -
Technology,
Manufacturer
and Model The operational losses in the PV system are due to sailing of panels by dust and electriical losses in the conductors and other equipment. Here, we consider these factors to
be a percentage of the PV generation.

Losses

Figure 10: Choice of technology
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Plant Details

Move to

“Technology*
menu

Fill other parameters in the
‘Technology’ menu as per discretion. indicated when clicked in the
Losses input field

Valid range and default values are

The operational losses in the PV system are due to soiling of panels by dust and electrical losses in the conductors and other equipment. Here, we consjder these factors to

be a percentage of the PV generation

Soling Loss (%) ctical Loss (%) Range: 0- 25, Defaut value = 10 J

5 10

Module Degradation

During the lifetime of the plant, PV modules like any equipment degrade and hence contribute to the energy loss i the plant.

prpCa 2 [ Degradation details: default - as per datasheet; uncheck this to input custom values ]

Year on Year Degradation Rate (% / Year)

Module Rating at End of 1st Year (%)

97 067
Auxiliary Consumption

Refers (o the in-house energy consumed by the plant for its operation. Here, we consider it as a percentage of the annual generation at the end of year 1.

PV Plant (%)

1

Figure 11: Loss and related details

Fill in the cost related parameters as per user
discretion. Click on the fields to view valid ranges.
Click on tooltips for additional context

Technology Cost ©8&M and Other Detalls Financial

Move to ‘Cost’

menu
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mulate

Show Advanced Options

We now define the various costs and expenses. These are ised under Machinery, and Other expenses.

Machinery

This includes the core slectrical componants like the PV modulas, Invertars or Powar Conditioning Unit (PCU) and (Batteries for mini grid cases only).

z PV Module (T / Wp): PCU or Inverter Price (¥ Lakhs / MWo).
° 2 o w ° °
Infrastructure Other Expenses

Land (% Lakh/Acre)
5

PV Madule Mounting Structure (Z Lakhs / MWp)
30

Pouwer Evacuation Infrastructure (2 Lakhs  MWp):

40

Civil and General Works (2 Lakh | MWp)
o 25

Preliminary and Pre-operative Costs. (Z Laki / MWp|

o 35

Miscallaneous (2 Laknh [ MWp)

o 30

Figure 12: Capital cost-related components
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-
Fill in the cost related parameters as per user
discretion. Click on the fields to view valid ranges.

L
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Plant Details Technology Cost O&M and Other Details Financial Reset

Show Advanced Options

p
Move to
‘Cost’ menu

QOperation and Maintenance Cost
/

/ This accounts for all expenses governing the day to expenses such as salaries, bills and spares.

.‘.‘ (O8M Cost For 15t Year (2 LakhMWp) OBM Escalation Rale Per (%]
v
G] “ @
[ Subsidy Target Bid f’
/
Bid (€ km) /
s N
o Move to
‘Financial’
menu
/‘ f
Check this and enter the subsidy Enter the target bid value, Lo assess its viability.
percentage to simulate the impact (Field provided only if ‘Bid Analysis’ is chosen in
b | case definition)
. J
Figure 13: Operation cost, bid and subsidy components

-
Fill in the cost related parameters as per user
discretion. Click on the fields to view valid ranges.
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art petas Techlogy cost PITT—— p— ol

Show Advanced Optians

——

Move to Loan Related
‘Financial’ (o
Simulate
menu I Loan Term (vears
- J Casc
— ) o 10 . —
/
/ mPer T Rate (% orking Capi 5
° Return on Equity Taxes m
Duing Loan Tem (3] income Tax Rate (3
20 4
2% 0
Depraciation
Durng Loan Tem (3
58

Figure 14: Financial parameters including loan, tax etc.

Inputs: Mini-Grid PV Plant

Figure 15 to Figure 26 illustrate the details of the inputs sequence for simulating a mini-grid
plant post clicking ‘Build New Case’ button in Figure 4. The broad sequence of inputs for
simulating the case is as follows:

Case definition (Figure 15)

Input-output mapping for simulating a mini-grid PV plant (Figure 16)

Choosing location of interest and additional details (Figure 17 and Figure 18)

Load, losses and plant-capacity details (Figure 19 and Figure 20)

Choice of technology: PV module, PCU, battery & other details (Figure 21 and Figure 22)
Plant-design details (Figure 23)

Capital-cost-related components (Figure 24)

Operation cost, subsidy, feed in tariff components (Figure 25)

Financial parameters including loan, tax, etc. (Figure 26)
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[ Choose the broad parameters of
interest for plant design and
click on submit when completed

N

\

Mini Grid — —

Choose between grid connected |
and off grid mini grid set-ups

) (@ Feed in Tarif (for mini grid cases) @

Figure 15: Case definition — mini grid
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This is an
input-output
map. It visually
illustrates the
inputs taken
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will be
generated post
simulation

4—{ Click to choose location of interest ]

Figure 16: Input-Output map for simulating a mini-grid PV plant
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Figure 17: Choosing the location of interest
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source of weather data
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Figure 18: Choice of surface area

Fill in ‘Load and Loss’ related parameters as per user discretion. Click on
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Load and Losses Technology Plant Delails Cost

OBM and Other Details Financial

[0 Show Advanced Options

Load / Demand

Representative 24 hour Demand to be supported by the mini grid
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Click to enter new / edit the
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H
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£ f ¢
3
2 |
3 |
2 |
3 \ |
5 |
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Losses and Sun Hours

The operational losses in the PV system are dus to soiling of panels by dust and
electiical losses in the conductors and other equipment. Here, we consider
these factors to be a parcentage of the PY generation. Also, we consider the
Average Sun Hours of the location of interest

Soiling Loss (%)

5

Electrical Loss (%)
10
Move lo
“Technology”
menu

Average: Sun Hours | Day (KW | Day)

5 Li]

PV Capacity and Plant Life

Based on the Demand, Losses and Average Sun Hours we derive the PV Plant
Capacity.

Figure 19: Load- and loss-related details

Fill in ‘Load and Loss' related parameters as per user discretion. Click on

the fields to view valid ranges. Click on tooltips for additional context

Representative 24 hour Demand to be supported by the mini grid.
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H
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H
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Hour

Target PV Capacity estimated can be modified
within a select range for grid connected mini
grid systems, but is restricted from
modification for off-grid mini grid systems

The operational losses in the PV system are due to soiling of panels by dust and
eloctrical losses in the conductors and other equipment. Here, we consider
these factors to be a percentage of the PV generation. Also, we consider the
Average Sun Hours of the location of interest

Soding Loss (%)
5
Electrical Loss (%)

10

Average Sun Hours / Day (kKWh / Day)

5 ]
PV Capacity and Plant Life

Based on the Demand, Losses and Average Sun Hours we derive the PV Plant
Capacity

PV Plant Capacity (MWg)

Move to
‘Technology’
menu

0.0269

Plant Life (Years)

25

Figure 20: PV capacity and plant life details
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Show Advanced Options

Hera we chooss the desired PV module and a compatible Powsr Conditioning Unit (PGU) for designing the plant.

Module Power Conditioning Unit (PCU)
s Technology Manufacturer
Muti Crystaline v Select Manutacturer .

Select Manufacturer . Select Made| Select Mode! .

—

™ Length (m) Breadth (m):

Second, choose the PCU from the filtered set in order
First, choose - Manufacturer and Model
Module from
drop down
menu in
order —
Technology, Battery

Manufacturer

and Model We now define the time window for battery support. The slider below indicates Day Hours ranging from 0 to 23. In this version we focus only on lead acid battery based
systems.

Module: Type (m)

Figure 21: Choice of technology (PV module and PCU)

Battery

We now define the time windew for battery support. The slider below indieates Day Hours ranging from 0 to 23. In this version we focus only on lead acid battery based
Fourth,

systems.

choose
Battery Time Window Third, define time window for battery support,
from drop /_,—//" by stretching the buttons on the timeline
] 4 6 P »
down menu ° °
in order -
Brand and © — [ Click to define additional time window ]
Technology. Total number of hours of backup per day = 2

[ Define the SOC limits for battery operation ]

Brand Technology

Select Brand . Select Type

ate Of Charge

) Wax State 01 Chasge 4—Tin:
08 03

Module Degrad * Degradation details: default - as per datasheet; uncheck this to input custom values J

Move to
‘Plant
Delails
menu

Move to
‘Load and
Losses’
menu

During the lifetime of the plant, PV modules like any equipment degrade and hence contribute to the energy loss in the plant.

s per datashest

Year on Year Degradation Rste (3% / Year)

Wodule Rating at End of 1st Year (%}

o7 067

Figure 22: Choice of technology, battery, and other details

Fillin the ‘Plant Details’ parameters as per user
discretion. Click on the fields to view valid ranges.

Click on tooltips for additional context
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Show Advanced Options
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Figure 23: Plant design details
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Fillin the ‘Cost’ parameters as per user discretion.
Click on the fields to view valid ranges. Click on
tooltips for additional context

C Homa Aboul Publicaton Credts Feedback GontaciUs Disclamer (STEP Logged inas Harshid Logout

Losg s oses R— [— con oA sndCmer et Fnance -

Show Advanced Options.
Wi now defing the vanous costs and expenses. These are categonsed under Machinery, INfrastructure and OINer eXpenses.
Machinery

This includes the core electncal components ike the PV modules, Invertars. or Power Conditioning Unit (PCU) and (Batteries for mini gid cases only)

P Mo (€1 Wp) POU ar Inverter Price (€ Lakis./ MW):

n o o

Batery (€4 k)
8000 o
Infrastructure Other Expenses
Move to Land (¢ Lakwacre) o Generat Works (€ Lok MWp) Move to
‘Plant 5 o Ld © '0&M and
Details’ P Mok Miounting Sirucure (€ Lk MW) Presminary e Pre-apecatve Gosis (€ Lah/ MWE) Other
menu “ ° . o Details

menu

Power Evacuation Infrasiructure: (€ Lakns / MW5)

40 o 30 o

Figure 24: Capital cost components

Fill in the cost related parameters as per user
discretion. Click on the fields to view valid ranges.

Home About Publication Credits Feedback ContactUs Disclaimer STEP Logged in as Harshid Logout

| ot onaiosen F— Pl Cotis cos Ot and ivr etals Franca -

Show Agvanced Options
Operation and Maintenance Cost

This accounts for all expenses governing the day to expenses such as salaries, bills and spares.

&M Cast For 1st Year (¥ LakhiiWp) Q&M Escalation Rate Per Annum (%)

6 572 °
Check this and enter the

0 Subsidy 4 subsidy percentage to Feed in Tariff !
simulate the impact

Bulk Gapilal (%) FIT (€1 k) /
Move Lo ¢ o Move to
‘Cost’ - ‘Financial®
menu Tariff | Enter the Tariff for buying power from grid (Field - menu
/ provided only for grid connected mini grids) Enter the Tarill, to assess ils
Buy of Energy: viability. (Field provided only
& o if ‘Feed in Tax s chosen in

case definition)

Figure 25: Operation cost, subsidy, and feed-in tariff components

Fill in the cost related parameters as per user
discretion. Click on the fields to view valid ranges.

Click on tooltips for additional context Home About Publication Gredts Foodback GoniactUs Discaimer (STEP Logged Inas Marshid Logout

Load and Losses Technolagy Plant Details Cost Q&M and Other Details Financil - -

Show Atvanced Cplions

Loan Related
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1 85 as
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Post Loan Term (%) Minimum Alternate Tax (%)
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4 20
‘0&M and
Other )
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Delails’ Depraciation

menu

During Loan Term {

58

Figure 26: Financial parameters including loan, tax, etc.
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4. OQutput-Screen Layout and Download

The post-simulation output screens have a generic layout for both utility-scale and mini-grid
systems. There is no specific order to view the outputs. Provisions for performing a new
simulation, as well as sub-menu tabs to navigate within the current tab, have been provided
(mid-right end of the screen), as illustrated in Figure 27. Figure 28 presents a summary of the
broad information covered under each tab.

We encourage the users to check the demo cases to understand the various outputs available for
different case definitions, prior to building custom cases of interest.

Support text and tool tips (indicated in Figure 29) have been provided to add context to the
outputs.

-
( B Redirects to user home page post login,
Outputs menu bar. Click on P g_ P El h
choose demo case or custom case N
any menu tah to open it
C - e Home Aboul Publication Credits Feedback ContactUs Disclaimer ¢STEP Logged in as Marshid Logout

-

Location | Unnamed Road, Assam 784509, India, e
26791820 N, 82.076515° £

N v | ¥

Choose different map views : e
Generic Map A
Satellite i
Terrain (with elevation)

Target 1.03 MWp Bhaiiavhunda
Capacity

Input Summary

Tracking | Fixed Panels
Maigaon Hatmara

Simulated Plant

|

Appiication | Utiity
b 4

R\ T
\ Location of
A; interestinmap Sub-menu
.| case definition . X Merabil

Sapkhait

Hatligarh =

Fansing Rowta Bagan

Input Summary
S —

Figure 27: Layout of the output screens

- p
/Brcad summary of Details of Details of Details of technical outputs Details of financial outputs (LCOE,
case Inputs and solar resource system design (primarily energy / power) subsidy & bid/FIT analysis)
— =) .

outputs of simulation availability 7 7

C / /Home Avout Publication Credits Fgédback ContaetUs Disclaimer (STEP Logged in as Harshid Logout
¥ /
»

Location Unnamed Road, Assam 784509, india, o
26.70182° N, 92.076515° E

Target 1.03 MWp Bhairavkunda
Capacity

Tracking Fixed Paneals
MWajgaos Hatimara Input Su i
Application | Utilty 9 Simulated Plant

Figure 28: Summary of details covered in each screen
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Sunrise, Sunset and Day length

Financial

For the chosen location, we start with understanding the typical available solar hours and its distribution throughout the year.
This includes estimating the daily sunrise, sunset and day-length as seen by the location.

Solar Hours =
Earliest Sunrise Jun 10, 4:31 20
Tool tips provide Earliest Sunset Dec2, 16:24
additional 16
context, hover on Latest Sunrise Jan 12, 6:16
them for details 12
t Jul3,18:15 g
. 2
Longest Day @ Jun 22, 13:41 8
Shortest Day @ Dec 22, 10:18 4
Annual Solar Hours 4393
0
Jan Apr Jul Oct Jan

Figure 29: Tooltips for additional context

New Simulation

Sunrise, Sunset and
Day length

Solar Resource
Summary

Monthly Aggregate
Monthly Range

Daily Aggregate

Daily Range

Registered users can download the various outputs by clicking on the menu icon on the top ends
of the graphs of interest. These are encircled and indicated in Figure 30, Figure 31, and Figure

32.

Home About Publication Credits Feedback ContactUs Disclaimer STEP

F— [ e ] —— Techrical p—

Sunrise, Sunset and Day length

For the chosen lacation, we start with understanding the typical available solar hours and s distribution threughout the year.
This includes estimating the daily sunrise, sunset and day-length as seen by the location

Solar Hours
Earliest Sunrise Jun 10, 4:31 20 Ve i screen
Pt enat
Earliest Sunset Dec 2, 16:24
18
Dourlosd NG Imsge
Latest Sunrisa Jan 12, 6:16
=12 Daunioan POF cocument
Latest Sunset Jul 3, 18:15 = Download SVG vedtor image
E
Longest Day & Jun 22, 13:41 8
Shortest Day @ Dec 22, 10:18 4
Annual Solar Hours 4393
0
Jan Apr Jul Oct Jan

Figure 30: Output download menu icon type 1

Logged in as Harshid  Logout

New Simulation

Sunrise, Sunset and

Day length

Solar Resource
Summary

Monthly Aggregate

Monthly Range

Daily Aggregate

Daily Range
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C Home About Publication Credits Feedback ContactUs Disclaimer (STEP Logged in as Harshid Logout

Daily Generation

Daily aggregate AC energy from the PV plant considering no module degradation

(@ Aggregate PV Generation

Energy Flow
et [ oo |
Hourls
s s o2 =] =
e N
[12] 6 [ 10 [17 [aa 31| 7 [1a [ar]
DIEDEOIOE
Degradation Cases
Oct
s 1o [ [20]
[als]2s]
RER 3 A 2 N A
(s (s s |
2 1o Je 2 (7o [ 16 [as 30 [Ta ] 13 | 20|
{271 5 [0 (] o« [ 7 [ e ] 21 ]
Figure 31: Output download menu icon type 2
C Home About Publication Credits Feedback ContactUs Disclaimer STEP Logged in as Harshid Logout
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Imagel
Summary

500 JSON
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00 Print
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Analysis
200 y
——

100

0

With Subsidy Without Subsidy

 Lakhs
2
g

‘Show More Info

Figure 32: Output download menu icon type 3

Interested users can check the reports in the ‘Publication’ section for accessing material which
detail the mechanics of the tool.
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