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Benefits of Onsite Solar PV at Agricultural Faclilities
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About Power System Engineering

Facts:
* Founded in 1974

= 100+ Employees

Forward-Thinking Professionals Helping Clients
and Colleagues Achieve Their Goals

* Engineers, Economists, Designers,

. . Analysists, Technicians
S S
% AROPA (D B {3 R0 Yl " Service:
R s fie ks i .ﬂ‘.. . * aabliS = Utility System Planning & Studies
.00 e, % 1: :: t‘%ﬂ g s :'\ . :'= : = Utility System Design
el e Se , *. = Utility Rates and Data Analytics
a . . ® \h-' f_ﬁ‘.-h.’ B ot? % s o f - .
R .'3' ol st e OWMAIE lagi B L = Utility Automation
L " . St oy R ?‘ . &f ',:,.""- . = Communications Infrastructure
Ll MR NE . " LA S - = :l " i -r‘-i..
. 40 Co X ; g Al c = = Energy Resource Planning
- 5 ] M F - 4 = Energy Resource Design (Solar & BESS)
b - * - .'. . o
. > . o Ll '_. o » Technical Operations Support
"__-' o - -2 Offices:
4 . v g - = Madison, WI

= Blaine & Prinsburg, MN
= Marietta & Cincinnati, OH

b
-
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Today’s Topics

Solar Trends In the US

Solar System Components & Characteristics
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EXCHANGE



U.S Solar Installations

120,000

110,000

100,000

20,000

!

20,000

~
~-

70,000

60,000

30,000

Instzlled Solar Capacity (MWd

40,000

20,000

20,000

10,000

]
2007 20048 2009 2010 20m 2Nz 20m3 2014 2013 2016 2n7 2018 2019 2020 2021 Thru 3

B Fesidential Commercial [ Community Solar [ Utility [l Wility (CSF)
Source: Woods Mackenzie
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U.S. Solar PV Deployment Forecast

33000

30,000

25000

20,000

15,000

Installed Capacity [MWdc)

10,000

2000

--IIIIIIITll1

2010 2011 2012 2013 2014 2013 2016 2017 20ne 2019 2020 2021E 2022E 2023E 2024E 2023 2026E

B Residential Commercial [l Community Sclar [ Utility

Source: Woods Mackenzie
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U.S Electric Generation — Energy Production

trillion kilowatthours ot Torm Ene. Annual Energy Outiook eia’
6 Outlook forecast 2021 Reference case
(2021-2022) (2023-2050)
2
4 .
total electricity
generation
3 (all sources, all sectors) 2050
i
2 2020 2035 20%
solar is 3% of 2022 14% \
U.S. total electricity 2% N
1 generation -
\ - solar
D ] ] ] 1 ] ] ] 1
1990 2000 2[}10 E'DED 2030 2040 2050

Source: Energy Information Administration
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Solar PV System

Grid
Connected Off Grid PV Hybrid PV
PV
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Solar PV Module

Light / BLACKBOX

+ : .
@ 7 fe-

BAUSTRATION BY KURT STRUVE

crystalline
semiconductor
{usually sifican)

p-layer
back contact
{positive conductor)

n-layer
{negative conductor)

reflective layer
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Solar PV Module

* Major Types of Solar PV Module;

About 150* GWp PV module production in 2020

» Polycrystalline

* Monocrystalline
e Thin Film

Thin film
Mono-Si s
Multi-Si 1

2010

*2020 production numbers reported by
different analysts vary to some extend.
Different sources report a total PV
module production between 135 and 152
GWp for year 2020.

2000

+
+
+
+
+
+
+
+
L 4

-

L 3 . 2
D e S S -
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Solar PV Module

. . » Module Efficiency of about ~20-25%
® 5i mono-crystalline cell (79 cm?) 26.7
a1 mono-crystalins modulag12177 i £l » Factor to consider when selecting a PV Module?
# Si multi-crystalline cell (268 cm?) ,Z_E b Eﬁ|C|ency
Si multi-crystalline module (14818 cm?) u e Maximum Production vs Max Offset
# CIGS cell (1 em?) - | - za.ﬁ e Cost vs Value
€1GS module (841 cm?) | 82 £ « UL Certification
cdT {1 2) 21.0 ,L:: . . .
N ke : . o Tier 1 vs Tier 2 vs Tier 3
m CdTe module (23573 cm?) 19-“ .
= * Warranties
Perovskite cell (1 cm?2) 226 E . )
g e Lifetime
Perovskite module (804 cm?) 17.3 Fraunhofer ISE E
cfficiency n (%] 0 . 0 s 0 2 30 e Maintenance...
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Solar PV Inverter

GEAPS

EXCHANGE

o g
"!-"':scT T“.I".:hmar

e ™ R
0> > >
High Gain )
PV Multilevel = DC/AC LCL 0
Array DC/DC ~|v,| Inverter Filter Y
Converter
> > > 0 A
: ‘ Control signals Control signals
Vev i Inverter R hioas L & 4
a MPPT
| Control Control < lirw Inverter V & |
Py (P&O (Decoupled L e
Algorithm) Sf:r:::;} <
—
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Solar PV Inverter

String Inverter

Microinverter Residential, Commercial & Small Utility Central Inverter

Residential applications scale applications Utility Scale applications

Single Phase 208V, 240V Single Phase & Three Phase
3kW — 150kW

Three Phase
>500kW

GEAPS
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Solar Mounting System

Rooftop Solar Ground Mount Solar Carport
Solar

GEAPS
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Technical, Economic Aspects & Case
Study
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Solar Resource Assessment

SOLAR RESOURCE MAP

PHOTOVOLTAIC POWER POTENTIAL

Factors to Consider: s
« Location K,

e Module Orientation ) i ®:

* Module Selection

« Balance of System % “ﬁ

=

Efficiency

Long-term average of photovolaic power potential (PVOUT)
Daily totals: 20 2.4 2.8 3.2 3.6 4.0 4.4

Yearly totals: 730 876 1022 1168 1314 1461 1607

GEAPS

EXCHANGE
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@ WORLD BANK GROUP ESMAP OLARGIS

6.0 6.4

e

2191 2337

use, please visit http://globalsolaratlas.info.
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Solar Resource Assessment

Close-up map of the US PV
Potential

GEAPS
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SOLAR RESOURCE MAP

WORLD BANKGROUP
PHOTOVOLTAIC POWER POTENTIAL @
UNITED STATES OF AMERICA ESMAP D
130w E 120'W 110°W 100°'W 90w BOSW 70°W
50°N R ; 50°N
W 1
ni‘ \
i X
& g s 1 S
Portland Ny ¢ { N
/ L\x’-‘\__ .Minneapolis L
JBoise - L2 \ ; L JA "
X & l.\# Detroit, / 4 —.Boston
\i‘“aha = Chicago \;,?- 3 N;J%}k
N ¥ | ‘ Columbus :‘a ‘— e
2 ' ! ) ,.J*';?*ﬁ‘r‘ Philadelphia
“St.Lodis ™ S S ~/" *Washington, D. C.
San Francis: ~ P \ i
San Josd _Ei_ - P ';Virginia Beach
’ +Oklahoma City ‘Rlem[);l‘ﬂsi {8 L’g;&harlotle - ]
\"-\,w_\‘_‘ ,Ir | Atlanta N s
JDallas ' \ \\
S 5= [;“TZ\\‘I‘,Jacksonville
a7ty - ) 30°N
. _Houston = .
Hawai Tampe;
Honolulu® 5" - \J”",.. \
‘ ‘ Hk - ¥
) . ) Miami
§ - 4
Long term average of PVOUT, peried 1999-2018 = .
Daily totals: 2.0 24 2.8 3.2 36

Yearly totals: 730 876 1022 1168 1314 1461

b4 4.8 5.2 56

. <Wh/kwp
1607 1753 1899 2045
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Solar Resource Assessment

PV Production Simulation of a Dry Fertilizer Facility

ESTIMATED MONTHLY ENERGY
@ solar Production Clipped Energy

SIMULATION RESULTS -
= 40
ey %) i 2
Installed DC Power Max Achieved AC Power  Annual Energy Praduction CO2 Emission Saved Equivalent Trees Planted
42447 kwp 360.00 kw 647.50 mwn 457.78+ 21,026 »
Y 3
Feb Mar Apr May Jur Jul Alg Sep Oct

€ %) Lutut.

Max Achieved DC Power DC/AC Oversizing Max Active AC Power Performance Ratio Performance Index

42447 ww 118= 360.00 kw 84 = 1,526 kwhrkwp Total clipped energy: 0.04

M

MNaovw Dhag
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Solar System Costs

Modeled US national average system prices by market segment,

U.S. Solar PV Price Declines & Deployment Growth (3 2020 and Q3 2021

20,000 $6.00 $2.99 $3.06
$3.00
18,000 $5.50
$5.
o e 3 $2.50
=l
450 = 5
14,000 % %,
g AT > 8 $2.00
g, 12000 $3.50 ‘g _‘é‘ $1 45
= T o .
g 10000 wn 3§ s $1.50 $1.37
8 & 2
2 $250 3 e 1.01
% 8000 g é‘ $1 00 S _ $0 89 $095 $ .
‘ = |3 s m m I
£000 E L -
k= I
e $0.50 — — s B R
2000
$0.50 0
$0.00 Resi Resi Comm. Comm. Utility Utility Utility Utility
. I a0 Q32020 Q32021 Q32020 Q32021 fixedtit fixedit tracking tracking
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Q3 2020 Q3 2021 Q3 2020 Q3 2021
Source: SEIA/Wood Mackenzie Power & Renewables U.G. Solar Market Insight 2020 Year in Review g- ﬁggkdenzie QI:I A u El\écl;rt-lr?cdal'lllgos : g:’:dg:uerratleéos
Direct labor m Design, engineering, permitting
m Supply chain, overhead, margin

Source: Wood Mackenzie
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Federal Incentives

 Federal Investment Tax Credit

» Receives 26% of the full system cost as credit
against your total tax liability for the year installed

» Modifications in Build Back Better Act. Currently
Passed in House

« MACRS & Bonus Depreciation
« USDA REAP Grant:

* Provides guaranteed loan financing and grant
funding to agricultural producers and rural small
business for renewable energy system or to make
energy efficiency improvements.

e Loan

GEAPS
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USDA REAP Grant

« USDA REAP Grant:
USDA Rural Development
* Provides guaranteed loan financing and grant funding to =——=

agricultural producers and rural small businesses for @l U-S. DEPARTMENT OF AGRICULTURE
renewable energy system or to make energy efficiency
improvements.

o Applicants:

 Applies to Agricultural producers with at least 50 percent
their gross income coming from agricultural operations

 Small businesses in eligible rural areas
e Funding:

« Loan guarantees on loans up to 75 percent of total eligib  Rural Energy for America Program
project costs

« Grants for up to 25 percent of total eligible project costs

GEAPS
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ITC Changes in BBB Act

Changes to the ITC by project type and qualifications in House-passed version of the BBB Act

Start of construction = 2021 2022 2023 2024 2025 2026 |
Current [TC for customer-owned residential solar 26% £26% 2% 0% 0% 0%
Current ITC for utility solar, commescial salar, and third-party owned residential 26% 26% 22% 10% 10% 10%
al solar (not subject to prevailing wage or apprenticeship 10% 30% 0% 30% 30%
Projects <1 MW 30% 0% 0% J0% 30%
Projects >=1MW that meet prevaiing wage and apprenticeship requirements J0% 30% J0% J0% 30%
Prajects >=1MW that do not meet prevailing wage and apprenticeship 6% 6% 6% 6% 6%
requinements
Prajects >=1MW that do not meet prevaling wage and apprenticaship
requirements, meet domestic content requirements % % 8% % ™
Projects (all sizes) that meet prevaling wage, apprenticeship requirements, and
domestic content requirements 4% 0% 0% 40% 4%
Adder for projects located in low-income communitles 0% 10% 10% 10'% 10%
Adder for projects thal gualily as low-income economic benefil projects 20% 0% % 20% 20%
Proposed valus of refundabifity (direct pay)
Mrojects <1 MW or that meat domestic content requirements 100% 100% 100% 100% 100%
Projects >=1 MWV 100% 100% 90% 85% 0%

Source: Wood Mackenzie: Note: Information in table reflects provisions in the BBB Act as of November 19%, 2021

GEAPS

EXGHANGE COPYRIGHT GEAPS EXCHANGE 2022

KANSAS CITY « 2022




Other Incentives & Financing

e State Incentives
 Renewable Energy State Programs
o Utility Rebates
* Net Metering
e Financing Structures
e Lease
* Purchase Power Agreement (PPA)

GEAPS
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Case Study: Tyson Foods Feed Mill Aurora, MO

SunPeak Tyson

Project Highlights
o Capacity: 597 kWDC / 429 KWAC
* Production Estimate: 837,300 kWh/YTr
e Ground Mount System

e $100,000/yr of direct energy cost savings
per year

e $3.9 million in energy savings over 30
years

GEAPS
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Is Solar PV for you...
 Increase energy efficiency

 Independence against rising energy
orices

» Take control of your energy usage

e Easy coupling with Energy Storage
& EV Charging

o Advance Sustainability Goals

GEAPS
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Ola Boye, PE
Manager, Energy Resources
Direct: (608) 265-3549

Mobile: (712) 441-3238
Thank You Email:

We look forward to helping you achieve your goals.
Josh Mulder, PE

Vice President, Industrial Engineering
Direct: (320)-978-8046

Mobile: (320) 981-0311

Email:

WWW.powersystem.org
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mailto:ola@powersystem.org
mailto:mulderj@powersystem.org

We want your feedback!

Download the “GEAPS
Exchange” app to take the
GEAPS session survey.
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Share on Social!
#GEAPSEXxchange

Wifl Network: GEAPS2022 Password: Exchange92
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SAVE THE DATE!

FEBRUARY 25-28, 2023

Kansas City Convention Center
Kansas City, Missouri

Y
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