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Lclelressing Cemne@rns e @
[Bureay of [Reclamaetion

RECLAMATION

Managing Water in the West

Fundamental Considerations
Associated with Placing Solar
Generation Structures at Central
Arizona Project Canal

Central Arizona Project, Arizona
Lower Colorado Region

U.S. Department of the Interior
Bureau of Reclamation May 2016
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Fig.1004- Thin Shell sawtooth Structure

Fig.1003- Thin Shell Structure

Fig.1002- Spaceframe Structure
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rig. 1001- Basic Structure
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Fig.1007- Bowstring sawtooth Structure

Fig.1006- Bowstring Structure

Fig.1005- Tension Structure
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Canal=-Selar camnnes &at I Cne Weyy
of canal operations ~
and maintenance










lssues







eelhmne=5cenerie [ReSeareln
rhe Bisbee Seience Lab 1esting + SRR @IS Meceling ene Analysis

Fountain Hills

Scottsdale

Phoenix Metro Area Incorporated Cities
Mainline SRP Canals
012 3 4 5mi Perfect North-South Orientation i f
[ mm .| s Diagonal Orientation - ¥
s Perfect East-West Orientation

The Bisbee Science Lab Prototype; Two sets of solar panels, one over SRP mainline canal map
dry land and another over a pond, with an open pond in the forefront of
the image.




v fechno-Eeoncmmic Researah

Front-end Inputs Approach to using SAM for the Canal-Spenning

o . N

Construction and Land-Based Medels
§ Cost )
4 S N 6 2\

Transmission Transmission NREL SAM
_Infrastructure ) | Infrastructure Year O Inputs
~ = - D
Regulation Cost| |Regulation Cost Outputs
_ P, ¢ J

: NREL SAM
Annualized Inputs . : Net Present Value
e Land L B - dL > Financial
and Lease Land Lease iiadel

L Cost ) Cost ) LCOE
S . . R S = = 2

Transmission Transmission | evelized Cost of Energy
L Loss ) Loss ¥
( Performance | [ Performance | NREL SAM
o Ratio ) § Ratio 5 Annualized

Canal Co-Benefits
Ve =)\
Water Savings .
& , CSSP Cost Reductions

i Aquatic Biotic i
. Growth

- CSSP Cost Premiums




P LEGEND:
@ W@Ea Anemometer T (inlet) = air temperature at the inlet

8 Pyranometers T (inf) = air temperature at infinite distance from PV
(0) [b @Q 2 ‘i] @W[b ﬁ 7 - ﬁ (’V‘ Wind (U) T (amb, f) = air ambient temperature just above the front of PV
ﬂo @ @@ m @m @ Q @m (— Solar Radiation (G sun) T (amb, b) = air ambient temperaturejust below the back of PV

("’“""’* Evaporation T (water) = water temperature

Va lue d a t app rOXima te ly 2, 300, OOO/yea r (———' Reflected Solar Radiation (Hrad,g) U (inlet) = wind speed at the inlet

€&—— Back Panel Radiation (Hrad,b) U (inf) = wind speed at infinite distance from PV

INCIDENT RADIATION (kKWh/m?):

0.84 0.67 0.50 0.34 0.17 0.00

Depiction of the thermal process for CSSP Depiction of the thermal process for LBSP



2ovel;

2,540 AlFvear of thermeelectrie weater consumpiion eiifset
by Canal-Solar PV generation

valued at approximately
$7,600,000/year

SR[P?s Diiray [Feetprint
85.7% Thermo-Electric
68.2% Fossil Fuels

31.8% Non-Fossil Fuels

Other

4.0%

Renewable /

1 O o 3 ?’/\i»

Nuclear
175(3/.)

755 gal/MWh
12,776 AF/year

Key

TE fuel type

SRP Mix Percentage
water use/MWh
total water use/TE fuel type/year

SRP 2020 and EIA data

Coal

23:1%
540 gal/MWh
11,353 AF/year

Natural Gas

45.1%
696 gal/MWh
40,699 AF/year



Wajtels

Total Water Evaporation Per SRP Canal

3,000~

80.6% shacling
3, 100 A7/ vear savee
valued at approximately

$9,200,000/year

Status Quo:
6,400 AF/year water loss

Water Evaporated (AF/year)

Arizona

w7

#% Shadow

y  shadow length
x  panel length

Consolidated

Eastern

L

Crosscut

South

SRP Canals

i

Tempe

Western

Status Quo SRP Canal Evaporation

Evaporation with Canal-Solar



Wajtels

79 @@@9 @@ @ (( @o @)) @ m m M @ a S @Wm @ H Solar Radiation (G sun) Z = downward distance measured from pond surface

Algae Treatment
Budgets on SRP
system for 2020

SRP Carp Herding
City of Phoenix
City of Glendale
City of Scottsdale
City of Peoria

City of Tempe

City of Chandler
Town of Gilbert

PV Chemistry

Common Si cells
won’t leach heavy-
metals (use these)
Avoid Pb

Avoid Cd Te

Avoid CIGS (thin film)
Avoid Perovskites

LEGEND:

Anemometer B = algae concentration INCIDENT RADIATION (kWh/m?):

[ ] Pyranome(ers i (|) = solar irradiation at pond surface _

' 0.84 0.67 0.50 0.34 0.17 0.00
%\/‘ Wind (U) T (water) = water temperature

Comparison of the algae growth between shading and sunny conditions
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[Leme]

Ukiiifey Seale Selars Silver-Bullet selutieon er enether [PROBLEM?Z

4 - s ——

7 fy;;\galg’solar betweam multiple new neighborhoods, Valﬁncja: Rd, Tucst : 5 = e ;&w;;.,;;;
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[Leme]

716 MW
nameplete PV ecapaciy

1,12 @c/[MW Canal-Solar
on dual use land versus
8.8 ac/MW Land-Based
on virgin land

7-.8% Ihereased densiy
over Land-Based Solar
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[Leme]

716 MW
namaeplate PV capasciity

1. 12 X greater
nameplate ecapacity
than Apache Coal Plant

in Willcox
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[Leme]

7:45% Gransmission loss
gppresdmaetely 90,000,000 KUWh/iear [ $9,800,000/vear
@ SRP’s average retail electricity rate of $0.1092/kWh

Legend
V,},; .'/ / /{/'/7/ ”5'.7 / —— CAP Canal
/ 2/ 7 ks, :','/// —— Interstate Highways
///;/4/// %'?/ rizona State Bounda
W /I/’ A /// A / //// ﬁaﬁ Percesr:?:tc::ngi r2y008 - 2018

Y <-0.0588
<-0.0067

e, | ==

I <0.0231
B <0.0723
B <0.1149
B <0.1827

B <0.3059
B <0.4700

‘ Utility-Scale Solar

% SRP service area

S

—  SRP transmission line



SULGErY
SRP Canal-Spanning Selar Panels

[Pewer
« 132 miles of canal=716 MW
 Generates nearly 1,300 GWh/year (Power for approximately 240,000 people annually)

900,000 metric tons of Co2 emissions offset per year

Water

 Saves 2,580 AF/year of water from TE offset

« Saves 3,070 AF/year of water from evaporation reduction
 Water for 34,500 people annually

« Algae treatment savings of $47m/year to water ratepayers

[Lame]
6,900 acres (10.8 square miles) virgin land saved compared to utility-scale solar

 Density ratio: 8.8 ac/MW average for six SRP LBSP projects vs. 1.12 ac/MW for CSSP (7.8x area)



LBOE ©.S. s $O.0206/kWih NPV ©.S, § $7,084,299
BCOEL

70,000,000

50,000,000
Lo
&
N
()
o
0
-]
(8] 30,000,000 -
©
o
I!
E
c 10,000,000 -
<
< e |

e
Installed Operating Fixed Land Water Quality TE Water Evap Water | Evap Cooling Electrical
Costs Costs Costs Costs Savings Savings Savings Boost Losses
N -

P
£
" -10,000,000
=]
=
>
®
7]
- -30,000,000
0
I!
©
=
[
£ -50,000,000 T
<

. Land-Based Solar Panels (LBSP) .CanaI-Spanning Solar Panels (CSSP)

The figures stated in this presentation are estimates based off of models and lab data and are prospective in nature and may change as the science improves and our climate changes.
Many of these models are novel to this project and still a work in progress. Research funded in part from DoE cooperative agreement DE-SC0020022 and have SBIR protected rights.
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GRIC has developed
artnerships and

innovative water
management

31
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make GRIIDD the first green
irrigation district in the world
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1-10 Solar
over Canal
Project:

Army Corps of
Engineers (Tribal
Partnership Program
agreement), GRIC, &
Bureau of Reclamation
funded




1-10 Solar-over-Canal Project

Design
e 1,624 solar panels covering 50,896 SF (962’ x
537)
e 29 frames each with 56 panels
e Designed to minimize O&M impacts
e Generate 876 kW or 1,677,460 kWh (1,667
MWh) generating power valued at $174,456

Water savings

e Limited evaporation losses (5.4 AF/YR)
135 AF over 25 years

e Thermoelectric water savings (2.57 AF/YR)
64 AF over 25 years

e Total is 7.98 AF/YR or 199 AF over 25 years




Casa Blanca Canal Solar Project

AC
AC AC OUTPUT
DC DC DC OUTPUT AC OUTPUT OUTPUT  AC OUTPUT basedon AC OUTPUT
OUTPUT OUTPUT OUTPUT basedon basedon basedon basedon 14W 16W per SF based on 17W
Canal based on based on basedon 14W per 16W per SF 17W per per SF (KWH) (KWH)  per SF (KWH)
Canal Length Area 14W per 16W per 17W per SF (KWH) (KWH)per SF (KWH) dollars/per year dollars/per dollars/per
Width (FT) (FT) (SF) SF (KW) SF (KW) SF (KW) per year year per year %) year ($) year ($)
24 2167 52,008 728 832 884 1,275,652 1,457,888 1,549,006 $132,668 $151,620 $161,097
24 1443 34,632 485 554 589 849,454 970,804 1,031,479 $88,343 $100,964 $107,274
Totals 86,640 1,213 1,386 1,473 2,125,106 2,428,692 2,580,486 $221,011 $252,584 $268,371
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Purpose:

To restore an economically-
viable agricultural economy

and

With the smallest carbon
footprint
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