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The Vision of SERIIUS

To create an environment for cooperation & innovation
“without borders” to develop & ready emerging
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SERIIUS aims to improve solar technology and
deployment through 3 integrated research areas

Solar energy integration (SEI)

SEl has included techno-economic modeling and
analysis, including collaboration between NREL,
RAND, and CSTEP to develop a “SAM for India v1.0”



Purpose

Modify the existing SAM tool to facilitate ease of use in
analyzing India-based projects with a particular focus
on weather data and financial structure



Overview of Changes

* Expansion of location database

* Inclusion of India-specific finance elements

* Rupee denominated input and output display support
* Development of wizard walkthrough for new users
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Global Horizontal Irradiance - Annual Average

This map depicts model estimates of annual
average global horizontal irradiance (GHI) at 10
km resolution based on hourly estimates of
radiation over 10 years (2002-2011). The inputs
are visible imagery from geostationary satellites,
aerosol optical depth, water vapor, and ozone.
The country boundary shown is that which is
officially sanctioned by the Republic of India.
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Download...

NSRDB all.

NSRDB Map

rDownload a weather file from the NRELNSRDB—————— |
Click Download and type a street address or latitude and langitude to do
from the NREL NSRDE for United States and some international locations.
downloaded file to the solar resource library so it will appear in the list bel

PV resource data

Where is your project located?

Choase a location from the selection box
(or press 'OK’ to use the default)

Choose a weather file from the solar resource library

Click a name in the list to choose a file from the library. Type a few letters of the name in the search box to filter the

(see above).

searchfor | |[Name

Name

India IND Jagdalpur (SUNY)
India IND Jaipur (SUNY)
India IND Jaisalmar (SUNY)
India IND Jalgaon (SUNY)
India IND Jodhpur (SUNY)
India IND Karimnagar (SUNY)
<

Clry| -

Station ID
49640
29259
13089
28210
20012
40064

Time zone GMT 5.5

Data Source| SUNY

Latitude
19.05
26.95
26.95
21.05
26.25
18.45

latltude[

India IND F (SUNY)
India IND Imphal (SUNY)
India IND Indore (SUNY)
India IND Itanagar (SUNY)
India IND Jabalpur (SUNY)
India IND Jagdalpur (SUNY)
India IND Jaipur (SUNY)
India IND Jaisalmar (SUNY)
India IND Jalgaon (SUNY)
India IND Karimnagar (SUNY)
India IND Kavaratti (SUNY)
India IND Kedamath (SUNY)
India IND Kohima (SUNY)
India IND Kolhapur (SUNY)

OK Cancel

Longitude L‘ Retresn Torary
Station ID | 20012

Folder settings.

Data fi|e| CASAM\2017.4.11\solar_resource\India IND Jodhpur (SUNY).csv

Open library fold

-Annual Weather Data Summary

Global horizontal kWh/m?/day
Direct normal (beam) KWh/m?/day
Diffuse horizontal KWh/m?/day

Average temperature "C
Average wind speed m/s
Masimum snow deptn ] MONJem Vit SAM weatbes dto bt

Use a specific weather file on disk-

O

Check the box and click Browse to choose a weather file stared on your computer without adding it to the solar resource library. Supported solar
weather file formats are SAM CSV, TMY2, TMY3, and EPW.

Browse...

Albedo - Sky Diffuse Model - Irradiance Data (Advanced)




Improving Indian Finance Representation

411 ¢ 17.4.11/PV_for_India.sam - >

1 ers/sturner/AppD

File v @Add PV v

Loca

Photovoltaic, Single owner Analysis period Inflation rate

Location and Resource Real discount rate /*loan moratorium from Sara for India DocumentationiIndia\loan Moratorum

Nominal ount rate : .

Module assumptions:

1) moratorium period begins at beginning of loan term
Inverter ~Property Tax . o .

2) moratorium affects principal payment and not interest

Assessed per(entageljl% of installed cost

System Design :l i
Y g Sohyear Assessed value 5000 3) loan term remains the same
Shading arg) Saas o of total direct cost Annual decline 0 |%/year 4) payments increase after moratorium period
L Dl% of installed cost Property tax rateljl%/yeal =/

{ SSC_INPUT, SSC_MUMBER, "loan_moratorium”, “Loan moratorium period™, “"years”, » "Moratorium", "?=0@v, "INTEGER,MIN=8", 1,
Lifetime Salvage Value

Net salvage valueljl% of installed cost End of analysis period value

Battery Storage

e T (8¢ rsect e e https://github.com/NREL/ssc/blob/develop/ssc/cmod_singleowner.cpp

Project Term Debt:

- - Equal payments (standard amortization
Financial Parameters ® Debt percent of total cap.cost O Equal payments ¢ ) Moatorium| 0 years
) DSCR 13 (@) Fixed principal declining interest
Time of De\ivery Factors Choose "Debt percent” to size the debt man
Tenuryears Choose "DSCR" ta size the debt based on cash available for debt service. See Help for
g details.
Incentives Annual interest rate| 12,76 |% For a project with no debt, set the ei he debt percent or the DSCR to zero.
Depreciation Debt closing costs 0001s Be sure to verify that all debt-related costs are appropriate for your analysis: Debt closing
costs, up-front fee, and debt service reserve account. Note that debt interest payments are
- 0
Up-front fee| % of total debt tax deductible, so a project with more debt may have higher net after-tax annual cash flows

than a project with less debt.

WACC % The weighted average cost of capital (WACC) is displayed for reference. SAM does not use

the value for calculations.

Simulate > l‘_

Parametrics Stochastic

@ Cost of Acquiring Financing

@ Construction Financing
P50/ P90 Macros

943 AM
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Solar Energy Research Institute

for India and the United States

Making Modifications Easy to Access

«] PV India.lk /2772017 3:04 PM LK File

ﬂ PV for India.sam 9/15/2017 2:39 AM System Advisor M...

| ] pvforindiawizard.samreport a9/12/2017 2:23 AM  SAMREPORT File 82 KB
'\-l;] Wind Wizard,lk_ ?IE?IED"I M e s
/E* Set Costs xx f
D WindWiIa[d.Sam[EpDrt FIEFIED'IT M /* could possibly do conversions.... skip fo now

// Assumptions 1 INR = 0.015 USD conversion rate 1/30/2017
checked 2/21/2018
convINRtoUSD = 0.015;
convINRtoUSD = in( "SAM calculates all values in USD. This
Wizard allows entries in INR assuming a INR to USD conversion
rate. Enter the desired conversion rate or hit enter."™,
convINRtoUSD,
'Rupeeb to Dollars',
[defaultX, default¥l]);
exitIf( convINRtoUSD <= 0 );
*/
// Get capital cost from user — all costs in BOS bucket per file
from Sara
// capCostINR = to real(get ('bos equip fixed')) / convINRtoUSD;

show page('System Costs");

// Highlight resource selection box in UI
focusto('per_module');

geom = widgetpos('per module');

transp( geom, 'yellow', 70 };

millisleep (500);




Rupee Input/Output Display Support

m
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7.4.11: C/Users/sturner/AppData/Local/SAM/sam

rDirect Capital Costs

/ _for_India.sam

Mudule| 5544 ‘umls ‘

02|wwdciunit | o979lkwde | 5312 |8/Wdc v
inverter| 227 |units | 40 owacsunit | 9080 |kwac | 000 ][s/wdc v
Battery bank| 00JkWhde [ 60000| $/kWhdc
$ $/Wdc §/m?
Balance of system equipment‘ 0.00 ‘ | 0.00 | ‘ 0.00 ‘ ‘ $0.00 ‘
Iabor | 000] + | 000] + | 000] = | 5000
Installer margin and DVE[hEEd‘ 0.00 ‘ | 0.00 | ‘ 0.00 ‘ ‘ $0.00 ‘
Subtotal
—Ci
Contingency ljl % of subtotal
Total direct cost
rIndirect Capital Costs:
% of direct cost $/Wdc 3
Permitting and environmental sludies‘ 0 ‘ | 0.00 | ‘ 0.00 ‘ ‘ $0.00 ‘
Engineering and developer DVE[hEEd‘ 0 ‘ + | 0.00 | + ‘ 0.00 ‘ = ‘ $0.00 ‘
Grid intercnnnection‘ 0 ‘ | 0.00 | ‘ 0.00 ‘ ‘ $0.00 ‘
-Land Cost:
Land area acres
Land purchase | § 0/acre | . \ 0] +| 0.00] . \ ooo| | $000]
Land prep. & transmission ‘ $ 0/acre| ‘ 0 ‘ | 0.00 | ‘ 0.00 ‘ ‘ $0.00 ‘

-Sales Tax:

Sales tax basis, percent of direct costljl%

Sales tax rate% $0.00
Total indirect cost $0.00

rTotal

Cost:

Total i cost § 53,009,512.00
Total installed cost per capacity $ 53.12/Wdc

Stochastic

First year cost

Escalation rate (above inflation)

Capital Cost X

What is your system's capital cost per Watt in rupees?

53.12

OK Cancel

941 AM
5/15/2017




izard for New Users

%] 017.4.11: C/Users/sturner/AppData/Local/S

File v @Add PV v

Photovoltaic, Single owner

Location and Resource

Module

System Results for " ase

' Results Summary

Metric
Levelized COG (nominal)
Net present value
| Internal rate of return (IRR)
Year IRR is achieved
| Minimum debt service coverage ratio (DSCR)

year 1] 1 2

| O&M Rs Rs Rs
capacity-based " gagsas 733501

. expense $
;I'ntal federal Rs Rs Rs
| d"’e"preciaﬁon ¢ 0 3185955 3185955
Debt interest Rs Rs Rs
| payment $ 0 4,740,009 4345009
glrﬁgess;ne,:med Rs Rs Rs
0 217211 217,652

accounts $
Return on Rs Rs Rs
equity dolars § 0 3,184,064 3,184,064
Total LCOG Rs Rs S
costs $ 0 12,025,783 11,671,180

Annual energy (year 1)
Capacity factor (year 1)

M/sam-2017.4.11/PV_|

(I |

[rcemetbxpioer |
i e

xR miy

Summary Data tables Losses Graphs Cash &g piot1 x [ M &1 oore -
LCOG Sensitivity (+/- 10%) Levelized cost of generation 5.80673Rs/kKWh ~
1,665,953 KWh 160000 Module Costf OandM
19.1%
Debt percent|-
ROE
Annual interest rate -
Fixed cost by capacity - G
Value Depreciation
5.81 Rs/kWh Desired array size-
Rs 5,472 114 .
Moratorium -
12.34 % L . ! L L Reserve interest 139459
20 540 560 580 600 620
LCOG Levelized cost of generation
1.12 Loan interest
W) W+
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs R
780,743 825401 872614 922528 975297 1,031,084 1,090,062 1,152 413 1,218,331 1,288,020 1,361,694 1,439,583 1,521,927 1,608,982 1,701,015 1,798,313 1,901,177 2,009,924 2 124 8¢
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs R
3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 3,185,955 841,573 841573 841573 841573 841573 841573 841573 841573 8415
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs
3,950,008 3,555,007 3,160,006 2,765,005 2,370,005 1,975,004 1,580,003 1,185,002 790,002 395,001 Rs 0 Rs 0 Rs 0 Rs 0 Rs 0 Rs 0 Rs 0 Rs 0 Rs
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs R
218119 218613 219134 219686 220269 220,885 221537 222226 222954 223725 224539 225309 226300 227271 228,288 229363 230,500 231,702 2329
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs R
3,184,064 3,184,064 3,184,064 3,184,064 3,184,064 3,184,064 3,184,064 3,184,064 3,820,876 3,820,676 3,820,876 3,820,876 3,820,876 3,520,876 3,820,876 3,820,876 3,820,876 3,820,876 3,820,81
Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs Rs R
11,318,888 10,969,040 10,621,773 10,277,238 9,935,589 9,596,991 9,261,620 8,929,660 9,238,118 8,913,576 6,248,682 6,327,432 6,410,686 6,498,702 6,591,753 6,690,126 6,794,126 6,904,075 7,020,3"

10:07 AM

/2017



Ongoing Work and Future Applications

* Planned and Ongoing Activities

* Application to degradation tradeoff analysis
* Analysis of cost and degradation for panels in different climate conditions

* Application to roof-top PV analysis



