Welcome!

Webinar #34:
PV Solar Fields in Thermoflow

15 September 2022

Agenda:

* Introduction

* PV Field model in THERMOFLEX / NOVO PRO

* PV Field design, configuration & options

* PV Panels Library & Irradiance specification and database

* PV Field annual yield calculation, Economics and available outputs
* Operation modes and combination with other technologies

* Q & A Session

Presenter: IGNACIO MARTIN (SPAIN)
Support: Meritt EImasri (U.S. HQ)



'd" Thermoflow

Thermoflow Training and Support

Standard Training

On site training course

User’s Meetings / Advanced Workshops

Webinars when new version is released

Help, Tutorials, PPT, Videos

Technical Support

—> Feature Awareness Webinars
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Thermoflow
Feature Awareness Webinars

1- Assemblies in TFX, June 2016

2- Scripts in Thermoflow programs, GTP-GTM-TFX

3- Multi Point Design in GTP-GTM

4- Reciprocating Engines in TFX

5- TIME in GTM

6- Matching ST Perfromance in STP

7- Modeling Solar Systems in TFX

8- Combining THERMOFLEX & Application-Specific Programs
9- Methods & Methodology in GT PRO & STEAM PRO

10- Supplementary Firing & Control Loops in GT PRO & GT MASTER
11- The Wind Turbine Feature in Thermoflex

12- Modelling GT’s in Thermoflow programas-1

13- Thermoflex for on line and off line performance monitoring
14- Tflow 27, what’s new

15- Modelling GT’s in Thermoflow programas-2

16- Multi Point Design in GTP-GTM

17- Total Plant Cost in TFX

18- Steam Turbine Tunning

19- User Defined Components in TFX

20- Cooling System Optimization

34- PV Field in Thermoflow
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'd" Thermoflow

Previous Webinars on Solar

- FAW #7, July 2017, Modelling Solar Systems, focus on solar thermal, CSP

- FAW #26, April 2018, The Photovoltaic Field Feature in THERMOFLEX



'&1 Thermoflow

Highlights / Milestones...

Thermoflow’s Products contribute to the "Green Transition"

CO, Capture & Storage H, Electrolyzer

\ Fuel Cell
Geothermal Kalina Heat Storage / Tanks \ |

& ORC |

2009 2010 2015 2016 2018 2019 2020 2021

/| novorro|

Concentrated Solar Power '.
CSP @ Batteries
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'd" Thermoflow

NOVO PRO Background & Evolution

- Thermoflow main programs released between 1987 (GT PRO) and 1998 (GT
MASTER, PDE, STEAM PRO, STEAM MASTER, REMASTER, PEACE, THERMOFLEX)

- NOVO PRO version 1.1 was released with Thermoflow 28, in September 2018.
Upgrades 1.2 in Mar-19, 1.3 in May-19, 1,4 in Jun-19, 1.5 in Sep-19, 1.6 in Feb-20
- Version 1.7 released with Tflow29 in Apr-20

- Version 1.9 released with Tflow30 in March-22. Current Revision (as of today)
September 8, 2022

mm) Please check for new Revisions regularly, specially for NOVO PRO



'd" Thermoflow

PV Field in THERMOFLEX — NOVO PRO

- THERMOFLEX:

- More intended for 1 point calculation, either the design point for sizing the
components and system at the Design Mode, or one off design condition at
Off Design mode.

- Allows to combine with any other components within the TFX library in order
to size a system and calculate performance at different conditions / operation
modes

- The user can make use of advanced TFX features like Scripts, Control Loops,
Searcher, etc. to create the logic of how to operate the components and the
system under different scenarios

- Use ELINK / Macros to simulate 24 hours performance, or longer periods



Thermoflow

Example in TFX: Gas Turbine + PV, 24 hours operation, Scripts

Ambient temperature 59 F
Plant gross power 7023 kW
Solar Field (PV) [5]: Day in standard year 82
Solar Field (PV) [9]: Solar time 12 hours
Engine load scheduler: Solar power percentage 87,58 %
Engine load scheduler: Engine power percentage 12,42 %
Custom Inputs: Desired gross power 7 MW
6151 kW
3 5 45077 Sol Mars 872.2 kW
/
1 3
I 2 14.9 ‘I\ 14?26?
” 48]-4,357 ID #2682 48,38]137.2 L

psa
Ib's| BTUD

7.200

Power versus Hour of Day

6.000
4,800
3600

2400

1.200

—a——%——a— o o o o o——o—"

20

25

[T Solar Field (PV) [5]: Actual power produced

Gas Turbine (GT PRO) [1] gross power: accoun

[[] Piant gross power

ted
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Thermoflow

Example in TFX: Wind+PV+Desalination+Electrolyzer+H2 Storage

1 H2 Tank
é%%gr?m[;” o 5] 13, H2 to Industry
< 0,635 th
s —~ B 936,4 kW
12 7
Pump (FCE) [16] T
1326 kw | [ ¥ B '
& LeeTfEr.ae flow fraction
y— F 4 e ] 6 0,3455
— — ; >
L5
\ H2 to NG Grid

Imported (+) / Exported (-) Power || . 1,203 t/h

-8180 kW

3
Power from / to Grid 8180
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'd" Thermoflow

PV Field in THERMOFLEX — NOVO PRO

- NOVOPRO:
- Calculates 8,760 hours of the year
- Allows to define an hourly electric demand and various sources to supply it
- Allows to combine power generation with Hydrogen production by Electrolysis
- Allows to combine PV with storage systems
- Allows to combine PV with thermal power for back up



'd" Thermoflow

PV Field in NOVO PRO

- Operating Mode:
- Microgrid
- Plants Only

- Plant Criteria:
- Ambient Database = Select site
- Electricity & Fuel prices
- Grid Frecuency

- Economics:
- Financial Assumptions



'd" Thermoflow

PV Field in NOVO PRO, Main Inputs

- Size of the Field (MW)
- DC
- AC

- Panel Model
- User Defined
- Library

- Row Tilt
- Fixed Tilt
- Variable Tilt
- 1D Tracking
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'd" Thermoflow

PV Field in NOVO PRO, Main Outputs

- Annual Performance, table
- Specification, table
- Site Plan / Elevation View
- Power Delivered (Map, Graphic, Data)
- Capacity Factor (monthy, weekly)
- Energy Output Graphs (monthly, weekly, daily), Histogram, Distribution
- Irradiance Data (GHI-DHI-DNI), Maps, Graphs, Data; hourly, daily, monthly
- Others
- Performance Ratio (monthly)
- Row Shading
- Inverter Efficiency



Thermoflow PV Fjeld in NOVO PRO, Outputs

Design Dutputs - PY Solar Field [1] Performance
H - Design Outputs - PV Solar Field [1] Estimated Solar Field Data
PV Solar Field [1] - Performance PV Solar Field [1]
: P Porf n
.- Site Plan 1. E Annual Per i 1. Summary
T Annual inverter output 163.214 | Mwh Elevation View Total number of PV panels 153.300
j- Elervaion \_ﬁew Annual ransformer output 162.398 | Mwh i~ Power Delivered Total PV panel area 476,088 1m°2
-~ Power Delivered L = Capacity Factor (AC) (Monthiy) Total nameplate panel DC rating 100.035 | kw/
i Capacity Factor [4C) [Monthly) Capacity Factor (AC) [weekly) Inverter AC rating 90,000 | kiw!
- Capacity Factor (AC) Mweekly) Annual AC capacity factor (inverter AC output / inverter rated AC capacity] 207 | % Energy Dutput [AC) [Mornthly) Inverter AC rating / Panels DC rating 0,8997
- Energy Dutput (AC) (Monthly) Annual DC capacity factor [panel DC output / panel rated DC capacity) 20,21 | % 3 2:2;3 g::z:: :25: ﬁ;:;;ly] TR
-~ Energy Dutput (AC) [Weekly) Annual AC performance ratio [based on inverter output] 09033 - Energy Output Histogram (AC) (D aily) VFl:d Enn:g:ll:liun Fixed orientation - no tracking
- Energy Output (4C) (Daily) Energy Dutput Cumulative Distribution [AC] (Daily
i ’ - Perfmance Patio (Monthis] Total land area occupied by the PV field 84,9 | hectare
- Energy Output Histogram (AC] (D aily) : : i P ‘ v Total land area occupied by the PV field 548.992 | m"2
H 5 ” ) Annual inverter clipping loss as percent of unclipped inverter output 0,2458 | % Fow Shading occupied by
- Energy Dutput Cumulative Distrbution [AC) [D ally — Inverter Efficiency Land aspect ratio 0,9957
. Annual inverter clipping loss 402.2 | Mwh ¥ -
. Performance Ratio (Monthly) - — - Hourly GHI P field length along east-west boundary 9194 |m
- Row Shading Number inverter-limited operating hours per year 122 | hours - Hourly DHI PV field length along north-south boundary 323.4 |m
i Houry DNI Mumber of rows 135
- Inverter Efficiency .
Average Daily GHI
- Hourly GHI Inadiance method: User-defined GHI and DHI specified Ave,age Da:,: DHI :DW 'erg::h Eﬂfég m
r . oW pitc . m
~ Hourly DHI Site latitude 3667 | degiees “fveraae Daly DI Fiow tit angle 20| degress
_ Houry DNI } Elevation 7m Mg:lhli Tgl:I DHI Row azimuth angle 180 | degrees
; -ivelage ga!:y g:: Annual average user-defined global horizontal insolation (GHI) 4.5 | kwh/m2-day Monthly Total DNI Number of panels per row 1140
o~ Average Daily o " - - ¥ Messages
- Average Daly DI Annual average user-defined diffuse honizontal insolation (DHI) 1.5 | Kwh/m2-day S Pera Doris
: Monthly Total GHI Panel ID Number 1360
- Monthly Tatal DHI Maximum panel operating temperature 4289|C Panel Manutacturer CanadianSolar
- Monthly Tatal DMI Maximum panel operating temperature above ambient 2226|C Fangl Model — CS7N-B50MS
; Nominal efficiency at rating condition 2092 |%
"~ Messages Nominal DC capacity at rating condition 650 | W
Maximum panel DC output as percent of nominal rating 1081 |% Single panel area 3106 [m"2
Maxirum plane of artay inadiance 1.116 |'w/m2 Length (larger dimension) 2384 |m
Width [smaller dimension) 1,302 [ m
4. Inverter Details
Inverter AC rating 90,000 | kiw
Inverter efficiency at rated AC output 95| %
Inverter weighted efficiency (CEC method) 95,44 | %
Inverter weighted efficiency ([EU method) 9486 | %
5. First Year Land and D&M costs
First year land cost 0] UsD
First year D&M costs 1.350.000| USD
6. Total Dwner's Cost ([computed using a simplified specific cost breakdown)
Total nameplate panel DC rating 100.035 | kiw
Inverter AC rating 90,000 | ki
Equipment cost [excluding inverters) 58.207.000| USD
Inverters cost 6.480.000| USD
Shipping cost for equipment and inverters 6.469.000| USD
Site preparation equipment, material, and construction cost 1.8688.000 | USD
Foundation equipment, material, and installation cost 1.500.000| USD
Mechanical erection equipment, material, and installation cost 9.270.000 | USD
Elechical erection equipment, matenial, and installation cost 2.863.000| USD
Utility interconnection cost 3.686.000| USD
NOTE: Transmission line length set to zero, so interconnection cost EXCLUDES transmission line! MNOTE!
Engineering, planning, project management cost 10.143.000| USD
User-defined overall estimated site-specific cost adjustment factor 1
Total owner's specific cost $/kw DC 1.000| USD/KW
Total owner's specific cost $/kwW AC 1.120 | USD/kW
Total owner's cost 100.505.000 ( USD
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Thermoflow PV Field in NOVO PRO, Outputs

1 L 2 1 3

L

1 L 2 1 3 L

e

FOR QUALITATIVE INDICATION ONLY

Number of rows

=135

Number of pansls par row |

=1.140

Total Number of PV pans)
= 153.000

Total PV pansl srs
= 478.068 m"2

Total PV fisld land ar=a
= B48.902 m"2

Total PV fizld land arss
= B4.0 hectars

9104 m|023 4 m[005 o m|6 763 m| - -

,._.
(¥
[
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FOR QUALITATIVE INDICATION ONLY

——c—f
Equator <=——

Asray type: Fixed orientation - no tracking
Row tilt angls = 20 degmes

Site latitnds = 36,67 dagress

Row pitch ratio (pitch / row projactad length on ground) = 1,84
Number transverss pansls = 3

6.763 m|3 000 m |3.080 m - - -
1 ! 2 T 3 T 3 T 3 T = T :
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Thermoflow PV Fjeld in NOVO PRO, Outputs

Power Delivered - PV Solar Field [1]

Vernal Equinox Summer Solstice Autumnal Equinox
24 - (Day 82) (Day 173) (Day 264)

[he]
(=1

Solar time [hr]
(}

O = M)W s Oy = 00 W

4

ene feb mar abr may jun Jul ago sep oct

Lat: 36,7 deg, Elev: 7T m
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nov

Winter Solstice
{Day 356) 89.550

dic

85.073
80.595
-76.118
-71.640
-67.163
- 62.685
- 58.208
63.730
49253
44.775
40.298
35.820
-31.343
26.865
22.388
17.910
13433
8.955
4478

' 0 (Gray)

(kW]
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Thermoflow

100
80+
60 1

0+

Capacity Factor (AC) (Monthly) [%]

20 1+

PV Field in NOVO PRO,

Capacity Factor (AC) (Monthly)
PV Solar Field [1]

may jun jul
Month of Year

Energy Output Histogram (AC)

70

40

Days per Year

400

450 500
Electricity Delivered, MWh/day
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Outputs

Energy Output (AC) (Daily)
PV Solar Field [1]

800
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§
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Day of Year
Row Shading - PV Solar Field [1]
Vemal Equinox Summer Solstice Autumnal Equinox Winter Solstice
24 - (Da;{ 82) (Day.173) (Day‘264) (Day‘355) 100
23 - 1 1 I | 95
g 1 | 1 [ - 90
20 - 1 1 1 | -85
19 - 1 1 1 [ - 80
1] ! mE ' = ! ! e
- n ! n !
16 - | I i . | | [0
I - ; E—— - -65
= ,, D : ; ; [ - 60
= 1 I I I
@ 13- . . h i -85
£ - ! ! ! | -50
g 1 - 1 1 1 | - 45
e 07 i i i i - a0
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8 ] —— ; — ; 30
6 - = [ - . i - B u ; 25
5 - b . .
4 - i | i L i i 2
3 - | . : ' 15
2 | ! ! ! ! 10
1 - ! ! ! ! 5
I I I |
0 - ene feb mar abr may jun ' jul ago sep oct nov dic 0 (Gray)
Day

Lat: 36,7 deg. Elev: 7 m
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Thermoflow PV Fjeld in NOVO PRO, Outputs

Choose display format ' Show Plot " Show Graph " Show Data

GHI - PV Solar Field [1]

Vemal Equinox Summer Solstice Autumnal Equinox Winter Solstice
o4 - (Day 82) (Day 173) (Day 264) (Day 356) 8596
816,6
7736
-730,6
- 6876
-6447
-601.7
-558.7
5157
4728
429.8
386 Choose display format  (~ Show Plot - " Show Data

im2)

Solar time [nr]
I~

GHI - PV Solar Field [1]
870

v

dmm

\ HH\H\HNHH

ene ' feb ' mar ' abr ' may ' jun  jul ' age  sep ' oct ' nov = dic

W" HH W;! |

g 1 : .“ H’ {
R N | }MMW"MM IWWHMMM}MW}‘
E {1k \W I HHHH
; Hf (e il |NH \ “ |
; ’Wlﬂwwwwlﬁw\ |“mW“T“ e
= 0 ’ ’ ‘ \ ‘H HH HHH‘ H‘H HHHH |‘ ‘ Hour of rDa of yeat | Month | Day of month Huunfd;a GHI - PV Solar Field [1] ‘W/m2
il \ T GARAI kY | :
| Il HH HW : :
‘ - A ' WE ‘
HM i 1 E ——
\ HNWWMWMMMWMMWMMWMMMWMWWWMH‘ ﬁ  — )
s st ﬁ% — BT
w ‘ 1427 4 535,695,
ST IR THLATIPHIL DU LANTHUISDILARONE GBS ROIAG TSRS D USSILARARCIIIIETECCSTCARERLEAL Y uzﬂ 4 553,051
= — e
1431 4 15| 406,734
143 4 6 305,7624)
143: 1 7 1530181
" i
4437 13:51 7 4| 21 0|
4433 185 7 4 22] 0|
Es) 108 £l ] a3l nl
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Thermoflow PV Field in NOVO PRO, PV Panel Selection

User-Defined Panel
DC values specified at Standard Test Conditions (STC)

MNominal efficiency 21,73 %
User Defined e 75 |w
Length [larger dimension) 2384 |m
Width [smaller dimension) 1.303 m
PY Panel Model
St by
" Manulachees Lowestto highest power (5 Highiest bo lowsest poweer ¥ Show new specs only
1] Manul acturer Model Rating Efficiency Area =
W X m”2 1
Other PV Panels
| 1 UserdefinedPV¥Pael |
0 1530 GCL GCL-M12/66H-675 ETS 2.7 3106
Libra ry 1364 CanadianSolar CSTHET0MS E71 215 3106
1529 GCL GCL-M12/86H-E710 BT HE 3106
1363 CanadianS alar CSTH-BESMS BES 24 3106
1528 GCL GCL-M1 2/66H-6E5 BES n4 3106
2060 T alesun BISTAR TPEFEEM-E65 BES n4 3108
1362 CanadianSolar CSTH-GE0MS &0 a2 3106
1927 GLCL GCL-M12/86H-560 BED 2.2 3106
(=F Coardmml. D CTOCONE MEC Mk (= =y "9 T 1A

Data for each listed panel was gathered from publicly available spec sheets published by panel manufacturers

Note: Data for included panels is provided for information only! There is no guarantee that any panel listed here, with the associated specs, is still
available at this or any performance level. It is solely the user's responsibility to verify the availability, suitability, and performance details for any panel
used to build a performance and cost model. Data you receive from a vendor can be entered by selecting the 'User-defined PV Panel' entry atop this list
and editing the characteristics on the Configuration tab.
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Thermoflow PV Field in NOVO PRO, AC/DC Ratio

Solar Field Sizing Inputs

Approximate panel count (for info)

153.850

¢ Specify desired field nameplate DC rating

100

Desired AC/DC ratio

04

" Specify inverter nameplate AC rating

30

M/

PY Solar Field [1]
1. Estimated Annual Performance
Annual inverter output 165,682 | Mwh
Annual transformer output 164.853 | Mwh
Annual AC capacity factor (inverter AC autput / inverter rated AC capacity) 21.01|%
Annual DC capacity factor [panel DC output / panel rated DC capacity] 205|%
- Annual AC performance ratio [based on inverter output) 0,8915]-
MW\ —Znnual inverter clipping loss as percent of unclipped inverter output 0%
< Inverter oversizing factor 1.016
—_
—

Annual Production (MWh)
165,800
—0—0—o0—9» 1.2
165,600 0
165,400 10
165,200
0.8
165,000
164,800 0.6
164,600 04
164,400
0.2
164,200
164,000 0.0
0.75 0.775 0.8 0.825 0.85 0.875 0.9 0.925 0.95 0.975 1.0
PV Field AC/DC Ratio

—@— PV Solar Field [1] Inverter oversizing factor

—@— PV Solar Field [1] Annual inverter clipping loss %

0.7 0.75 0.8 0.85 0.9

PV Field AC/DC Ratio
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Thermoflow

Row Tilt
+ Fixed kit
" WYariable tilt

" 1D tracking

Row Tilt

Row Configuration - Fixed Tilt Rows

Transverse panel count

Method to specify panel tilt angle and row spacing
e Automatic

" User-defined

Minirmum inter-row corridor

o m
Row tilt angle (from horizontal) degree
Row spacing factor (row pitch / min pitch) -

WYariable Tilt Adjustment Frequency

4 transverse
panels

row tilt angle

PV Field in NOVO PRO, Effect of Variable Tilt / Tracking

minimum pitch >l inter-row
) . " Biannual [centered on solstices) corridor
" Fixed tilt , ,
( Seasonal [centered on equinoxes and solstices) itch
e c row pitc
@ wanable i " Monthly (calendar moriths)
10 tracking
Row Tilt Row Configuration - 1D Tracking Rows
, , Transverse panel count 3
" Fised tilt P
Row spacing method
" Mariable tilt @ Automatic
& 1D tracking " User-defined max tilt
Minimum inter-row corridor D m
Row spacing factor [row pitch # min pitch) [1.841
— Tracking Details
* North-South rows ~ EastWest rows L minimum pitch inter-row >
corridor
M axirnuim tilt from harizontal degrees L >
Use backtracking " No (& Yes row pitch
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Thermoflow PV Field in NOVO PRO, Effect of Variable Tilt / Trac

23.5
23.0
22.5
22.0
215
21.0
20.5
20.0
195

19.0
Fix

Capacity Factor, DC (%)

Variable Tracking 1D Tracking 1D
Monthly No BT BT

Variable
Seasonal

Variable
Biannual

120

100

8

o

6

o

4

o

2

o

Land Area (ha)

Variable Tracking 1D  Tracking 1D
Monthly No BT BT

Variable
Seasonal

Variable
Biannual

112,000,000
110,000,000
108,000,000
106,000,000
104,000,000
102,000,000
100,000,000

98,000,000

96,000,000

Investment Cost (USD)

Variable  Tracking 1D Tracking 1D
Monthly No BT BT

Variable
Seasonal

Variable
Biannual

©Thermoflow Inc. 2022 — Webinar: PV Fields, 15 Sep. 2022 by IGNACIO MARTIN

1,650,000
1,600,000
1,550,000
1,500,000
1,450,000
1,400,000
1,350,000
1,300,000
1,250,000
1,200,000

O&M Cost (USD/year)

Variable  Tracking 1D Tracking 1D
Monthly No BT BT

Variable
Seasonal

Variable
Biannual

King
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Thermoflow

Irradiance Method

+ Estimated with specified cloud cover factog

™ Use database

" User-defined monthly inzolation data

Irradiance Method
" Estimated with specified cloud cover factar
(¢ Use database

" User-defined monthly insolation data

Inputs for Estimated lrradiance
Site latitude
Site altitude

Annual average cloud cover factor

Albedo of suroundings -

Thieshold solar altitude for beam iradiance D degress

Irradiance Method
" Estimated with specified cloud cover factor

" Use database

@ User-defined monthly nsolation dat2

Solar Irradiance Database

Change Location

Current Location:
Malaga,
Lat: 36,7 deg, Long: -4.5 deg, Elev: ¥ m

Albedo of surroundings
Threshold solar altitude for beam inadiance D degiees

Imadiance adjustment factor for DNI & GHI

User-defined Monthly Insolation
Site latitude
Site altitude

Albedo of surroundings
Threshold solar altitude for beam inadiance D degrees

Daily &vwg GHI | Daily &g DHI
Manth Kwhimz-day | kwh/mz-day
enero 45 1.5
febrero 45 15
marzo 45 1.5
abiil 45 1.5
mayo 45 15
junia 45 15
julio 45 1.5
agosto 45 15
septiembre 45 15
octubre 45 1.5
noviembre 45 1.5
diciembre 15

©Thermoflow Inc. 2022 — Webinar: PV Fields, 15 Sep. 2022 by IGNACIO MARTIN

PV Field in NOVO PRO, Irradiance Specification

lea - [m] X
ielect a location from the list below. Graphs of annual data for selected site are displayed on the [View Ambient...] tab. Click 'Apply to Apply to System
iystem’ button to instruct NOVO PRO to update hourly ambient inputs using TMY data for the selected location.

Cancel
Select Station Location ] View Ambient Summary for Selected Station
Select Region for Site List [Ewope =
Station ID_| Location | Site Name: | Elevation,m | Latitude,* | Longitude,” | A
082610 ESP Caceres 0405 3947 6.33
082860 ESP Castellon 0082 39,35 007
603200 ESP Ceuta 0038 35,83 529
084100 ESP Cordoba 0051 3784 -4.85
082310 ESP Cuenca 0200 4007 214
081840 ESP Gerona 0123 418 277
084130 ESP Granada 0859 378
082260 ESP Guadalajara 0808 318
083830 ESP Huelva 0035 695
080940 ESP Huesca 0180 033
084170 ESP Jaen 0048 379
080010 ESP La Coruna 0087 842
600300 ESP Las Palmas 0025 -15,38
080550 ESP Leon 0363 565
081710 ESP Lerida 0263 08
080840 ESP Logrono 0363 233
080080 ESP Lugo 0258 -7.48
082210 ESP MADRID 0582 -3,55
T 1 0 5 A X I
B 0 ESP Melila 0007 2,95
084300 ESP Murcia 0062 0.8
080480 ESP Orense 0256 -7.86
080150 ESP Oviedo 0333 5,87
080720 ESP Palencia 0263 454 >
naanen £cp DAIMA nnna 273

Underlying data source is Energy Plus (US DOE) EPW datafiles.
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-d-‘Thermoflow PV Field in NOVO PRO, Irradiance Specification

Irradiance Database (more details in NOVO PRO Help, Chapter 6.9.2)

1.Data for 1020 locations in the United States and selected territories comes from a database of Typical
Meteorological Year (TMY) data compiled by US NREL and made publicly available on the NREL website
(rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3).

2.Data for 80 Canadian locations comes from Meteorological Service of Canada, Environment Canada, a part of the
Government of Canada. The data are from Canadian Weather year for Energy Calculation (CWEC) database which is
based on analysis to develop a Typical Meteorological Year (TMY).

(www.climate.weather.gc.ca/prods servs/engineering e.html)

3.Data for locations in Africa, Asia, Central America, Europe, South America, and Southwest Pacific comes from
weather data made available on the EnergyPlus website, https://energyplus.net/weather. EnergyPlus is funded by the
U.S. Department of Energy’s (DOE) Building Technologies Office (BTO), and managed by the National Renewable
Energy Laboratory (NREL). EnergyPlus is developed in collaboration with NREL, various DOE National Laboratories,
academic institutions, and private firms.




Thermoflow PV Field in NOVO PRO, Panel Performance adj. & DC Losses

Current Panel Efficiency = Nominal Panel Efficiency * (1-D,/100) * (1-D,/100) * (1-D,/100) * (1T, [C] - 25[C]) * D,/100)

Panel Performance Adjustment & DC Losses

Derating for panel age 0 %
Derating for surface soiling 0 |%
Derating for other effects o |%

Adjustment for panel temp other than 25C  |0.34 =
" Assume constant DT ¢ Estimate panel temperature

Panel operating DT above ambient | 2L B

Overal heat transfer coefficient 20 |Ww/dm™2-C
Incident Angle Modifier for DNI
Incident angle modifier coefficient 2
IAM =1 - B *(1/C0OS(a) -1) 0s |
- “B” is the incident angle modifier coefficient, typical value is 0.05 gos |

- “@” is the incident angle measured from the normal uws <o

=M B =005
—aM e =0l

[+] 15 30 45 &0 75 a0
Incidence Angle, deg

DC wirnng power loss -4
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Thermoflow PV Field in NOVO PRO, Panel Performance adj. & DC Losses

Inverter . . . .
- , . Inverter Efficiency Inverter Capacity Derating Curve
Use constant inverter efficiency (Rating Efficiency = 95%, Range of No Load Loss) 101
- - - =11 - -
(¢ Use vanable inverter efficiency oo //__7 = 100 ® * * + Capacityderating
% —— 3 (%/°C)
Inverter efficiency at rated AC output % £ 90 / / 5 ¥ /
B : . c 98
Inverter loss at zero output as % AC rating 1 % E 20 o - /
&0/ : g
‘ : . = T oo
Maximum ambient temperature without derating C g 70 =)
i T T o § —— Lo =0.5% [CEC =96.17%, EU=96.11%] n P Maximum temperature
Capacity derating for Tamb > Tmax E %/C E 60 ——Lo=1.0% [CEC =05.44% EU =94.86%) — 5 withoutderating
w [
X s | g = 2.5% (CEC =93.38%, EU =91.57%) -E 93
50 4 . . . . . 2 o
o 20 40 80 30 100 120 - 20 30 40 50 &0
AC Power f Rated AC Power, % Ambient Temperature, C
Transformer

V¥ Inchude step up tansformer

Transfomer efficiency %
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Thermoflow PV Field in NOVOPRO, PEACE Inputs & Cost Estimation

Mair Inputs ] Configuration ] Inadiance

Total Dwner's Installed Cost Method

* Specify breakdown using inputs listed below " Specily specific cost directly ~ User-defined total owner's installed cost - per kKiw/ DE USD Ak
Cost Breakdown 5. First Year Land and D&M costs
User-defined overall estimated site-specific cost adjustment factor - - First year land cost 0] USD
Inside the fence coslt First year O&M costs 1.350.000| UsD
# Crude estimate " User-defined & Crude estimate " User-defined
Equipment cost [excluding inverter] - per K/ DC USD/KkW Shipping to site as % inverter + equipment cost % 6. Total Owner's Cost [computed using a simplified specific cost breakdown]
* Crude estimate " User-defined * Crude estimate " User-defined Total nameplal.e panel DC rating 100,035 | k'wf
Inverters cost - per kw/ AC 72 USDAW  Site work - per acre USD/ha Inverter AC rating 90,000 k!
E quipment cost [excluding inverters) 58.207.000 | USD
@ Crude estimate " User-defined @ Crude estimate " User-defined - [nverters cost g4a0000] UsSD
Foundation installation - per kw/ DC USDAW Mechanical erection - per k'w/ DC USDAKW Shipping cost for equipment and inverters £.463.000] USD
@ Crude estimate " User-defined @ Crude estimate " User-defined Site preparation equipment, material, and construction cost 1.888.000| USD
Electrical installation (inside the fence) - per ki DC 28,62 USDAkw EPC, Project Development - per ki DC USDAkW Foundation equipment, material, and installation cost 1.500.000 | USD
Dutside the fence costs Mechanical erection equipment, material, and installation cost 9.270.000| USD
® Crude estimate " Userdefined Electrical erection equipment, material, and installation cost 2.863.000| USD
Utility interconnection - per ki AC USDAw Utility interconnection spur length ka LItility interconnection cost 3.686.000| USD
¥ Include step up ransformer NOTE: Transmission line length set to zero, so interconnection cost EXCLUDES transmission line! MOTE!
Engineening, planning, project management cost 10.142.000| USD
Annual Land Cost First Year D&M Cost = = = e -
P €' Usoedfie Fined DM cost, per net AC kW capacity per pear T User-defined overa_ll_estlmated site-specific cost adjustment factor 1
i o ) , Total owner's specific cost $/k'wW DC 1.000| USDKW
Annual land cost for first year (escalates with |nf|ah0n]E| USD/ha Variable O&M cost, per Kwh AC electric output E USD /KWt Total owner's specific cost $7kW AC 1120 USD /KW
Annual Degradation Total owner's cost 100.505.000( USD
Arrual reduction in energy oulput due to degradation 5’.- _--
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Thermoflow

NOTE: Piices for electicity. fusl, and commodiies aie
hourk inputs speciied on the [Plant Crtera] topic. not on
this menu.

Financial
Assumptions

>

My Plant
First year of plant opevation 2023]
Proiect lfe in yeais 2
5
edi or
estment %0
15|
entage of total imvestment O
ost ate 45
Overal tax rate I
Negative taxes isated ¢ tax cradts: Oepes, T=no o]
Amount of intesest pagment that is NOT tax deductible 0] X
Discount rate for NPV calcuiation 3 x
Investment tax credit, X tolal project cost (] X
OM inputs aee speciied on input menus for individual plant components

Allpiices are for the fist year only. Price adjustments for subsequent years are computed using the factors on the Escalation Rates' tab.

Capachy Income
o uso

—_

C02 emission penaly
0 USD/tonne

Anrual CO2 emission dlowance
0 ktonne.

PV Field in NOVO PRO, Investment Analysis

Summary Graphics ~ Summary Report  Messages [none) Motes Cost Report Investment An... Plots Histograms Input Data
Financial Summary | Cashflow
Financial Summary
Annual Electricity Export 164,9| Gwh
Annual Fuel Imported 0T
Annual H2 Exported 0| tonhe
Annual 02 Exported 0| tanne
Total Investment 100.505.000 | USD
Initial E quity 30.151.000| USD
Cumulative Net Cash Flow 83.571.000| USD
Intemal Rate of Retumn on Investment (ROI) 5633 | %
Internal Rate of Return on Equity (ROE) 9071 | %
‘Years for Papback of Equity 11,39 | years
Net Present Value 10.741.000| USD
Break-even Export Power Price @ |nput Fuel and Import Electricity Prices [i.e. Levelised Cost of Electricity] 00528 | USD/AKWwh
Break-even Export Power Price @ |nput Fuel and Import Electricity Prices [i.e. Levelised Cost of Electricity) 5282 | USD/Mwh
Break-even Hydrogen Price (@ Input Fuel and Import Electricity Prices [i.e. Levelised Cost of Hydrogen| MNAa | USD/kg

NOTE:

Break-even prices [LCOE] shown above are comparable between NOVO PRO cases with the same [E conomics] inputs.

HOWEVER, myriad user-adjustable financial assumptions, without universally agreed defaults,

are used ke

ompute these outputs. Comparing them with values reported elsewhere |S NOT meaningful

unless you ensure a comparable set of assumptions was used to produce those results. See help <F1> for details

Land cost is set to zero in this model.

Including land cost can have a significant impact on these results.

Y Solar biekds 1) ] Day of Month |
TR ‘ !w. ol Day
ined Aurbiert presiune bar
. = ity | %
Prlces : J Fumm«m USD/Mwh
o Impor powet prce | USD/Mwh
Gas fuel LHV pice | USD/GJ
‘ Oi fuel LHV price UsD/GJ
Soid fuel LFV price | USD/GJ
Hydhogen export price | USD kg
| price | USDikg

R ]

PEACE Inputs
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Land cost is editable on the [PEACE Inputs] tab for each renewable plant.

Utility interconnection spur length is set to zero in this model.

Including cost for a spur line can have a significant impact on these results.

The spur length iz editable on the [PEACE Inputs] tab for each renewable plant.
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Thermoflow

Create Design, Inputs

Main Inputs ] Conlfiguration

User-Defined Panel
DC values specified at Standard Test Conditions (STC)

Row Configuration - Fized Tilt Rows

Transverse panel count -

Methad to specify panel tilt angle and row spacing

i

Mominal efficiency
s Automatic
" User-defined

]
o
o
)
e

£

Mominal power

Length [larger dimension) 2,384 Minienum inter-row cortidor D
Width [smaller dimension) 1,303

m
Row tilt angle (from horizontal) _ degrees
Row spacing factor [fow pitch / min pitch) m -

Panel Performance Adjustment & DC Losses

ad

Derating for panel age
Array Azimuth Angle Specification

& Autornatic " User-defined

Amay azimuth angle [CW from due North) ::IE'grrEE'-S

¢

Derating for surface soiling
Derating for other effects

Adjustment for panel temp otherthan 26C 034 |%/C

ulit

Modify Design, Inputs
Main Inputs

User-Defined Panel
DC values specified at Standard Test Conditions (STC)

e

MNominal efficiency

Mominal power

Length (larger dimension) 384 m
Width [smaller dimension) 03 m

w
]
£

PV Field in NOVO PRO, Create Design / Modify Design

Configuration

™ Assume constant DT (% Estimate panel termperature — Inverter

Panel operating DT above ambient C
Wi2C

Inverter efficiency at rated AC output
Incident angle modifier coefficient

Inverter loss at zero output as % AC rating
-3 %

" Use constant inverter efficiency

Overall heat transfer coefficient + Use vanable inverter efficiency

o

DC wiring power loss

M asirnum ambient temperature without derating
Transformer

=y —
o

Capacity derating for Tamb » Tmax
v Include step up transformer

w

Transformer efficiency
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Panel Performance Adjustment & DC Losses
Derating for panel age

ad

Derating for surface soiling

o

Derating for other effects

ulll

o
S
o

Adjustment for panel temp ather than 25 C |-0.34

" Assume constant DT (& Estimate panel temperature
Panel operating DT above ambient C
B Jwirac

Incident angle modifier coefficient

Dverall heat transfer coefficient

DC winng power loss

Transformer

v Include step up transformer

Transformer efficiency

I

Row Details

Fized onentation - no tracking

Fixed amay row tilt angle

o
(1]
=]
m
I3
“

Transverse panel count
Row spacing factor [pitch / min pitch)
Row pitch

Minirurm pitch [for info)

et I | e e B
ol m|| = o =
00| ==d|| O] 4=
@ ||| aaf =

2 3 °

3

Inter-rowe comdor [for info)

pry
(os]
o

MNurmber of rows

o

Longitudinal panel-to-panel ¢pacing

Number panel positions per row

Lo5]
Q

3

Row length

—
(==]
(=]

Array azimuth angle [CW from due MNorth) degrees

Inverter

Inverter rated AC output M

" Use constant inverter efficiency

0000 |Kw/

I

(s Uze vanable inverter efficiency

Inverter efficiency at rated AC output

>

Inverter loss at zero output as % AC rating

e

Masirum ambient temperature without derating [E

%/C

Capacity derating for Tamb > Tmax

N
(o}



-d-‘Thermoflow PV Field in NOVO PRO, Microgrid / Plants Only

Plants Only mode:

- PV Field makes as much power as it can, and just send it to the grid

- Can be combined with other renewable (Wind, UD) and thermal power sources. All of them
add their energy to the grid, and behave independently

- Can be combined with Hydogen production and / or Storage, but they behave
independently and need a Schedule specification

Microgrid mode:

- Aelectric demand is defined every hour

- PV can be one of the alternatives to supply the demand, subject to priorities

- PV production can be lower (deficit) or higher (surplus) than the demand. Deficit can be
supplied by other source (wind, backup thermal, storage) or imported. Surplus can be
stored or used to make H2. Otherwise it would be absorbed by the grid when possible or
curtailed.

- PV can be combined with Hydrogen production, subject to H2 “Loading Strategy”



'd" Thermoflow

Q & A Session

- Please forward your questions on the WebEx Chat

- Further questions by email to: info@thermoflow.com

- PP Presentation will be available on the Website / Tutorials

- Video will be available on the Service Center


mailto:info@thermoflow.com

'&1 Thermoflow

Thank you!

IGNACIO MARTIN - SPAIN
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martin@thermoflow.com
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