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MAKING SOLAR THERMAL
A PART OF YOUR BUSINESS




What is Solar Thermal?
-

7 Harness and convert solar energy into useful
thermal energy.

-1 Applications

Domestic hot water
Space heating
Pool heating

Process heating

Absorption chillers
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Why Solar- U.S. Gasoline Prices
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Why Solar Thermal?

-1 Energy independence /Fluctuating fuel prices

1 Reduce carbon footprint

1 Low Upfront Investment

1 Fast ROI

1 3-6 Times More Efficient than Solar PV

| Output/day: 22.7 kWh

Area: 80 ft2
Installed Cost: $10,000
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Output/day: 22.3 kWh (76,100 Btu)
Area: 456 12 (18 panels)
Installed Cost: $30,000



But We Don’t Get Enough Sunlight...

KWh/m’ year
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Three Components
I

1 Collectors

= Flat Plate

= Evacuated Tube

- Pump Station/HX
o External HX
2 Pump-only

=1 Controller included

o Storage Tank
o Storage tank
o Indirect tank

1 Dual Coil tank
2

T




Drain Back Systems

1 Advantages:

o Uses Water

o No Expansion Tank, Air
Vent, Check Valve

o Safe from power

outages

©1 Disadvantages

o1 Careful installation-

Everything must slope
o Larger pump(s)
1 Can be noisy

.

T
http://www.youtube.com/watch?v=4X1ECpl09Jc



http://www.youtube.com/watch?v=4X1ECpI09Jc�

Pressurized Systems

1 Advantages:
o1 Freeze protected

o1 Components do not
need to be sloped

o Low Wattage Pump

-1 Disadvantages:

o1 Check glycol annually

Hat Dut

o1 Overheat during power
outage or low load

Bolar Starage
Tank

Baskup
Water Haater

o Heat dissipation
components or controller
(may be required)

Huat Enchanger

.

T
http://www.youtube.com/watch?v=D-ZpzDntsZ0&feature=related



http://www.youtube.com/watch?v=D-ZpzDntsZ0&feature=related�
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Piping Components
=

_ o _ f All Components must be rated for High Temperature and Pressure!
Air vent with isolation Valv‘?, X, -Think of a solar system as a boiler that you can't turn off...
s ", -No plastic piping (i.e. PEX)
S “/*wf// -High temp pipe connections and insulation

o

-Larger expansion tanks

Controller || i

X

TZ :

® :  Pump, check valves, isolation
D valves, fill valves

X

Indirect Tank

L — | Expansion Tank
R
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E 2 ] £ Automatic air vent - Catchment Tank
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_ Storage= 1.25 gal/sq. ft

SHW System Layouts — ofeotectorars




Collector Performance

SOLAR COLLECTOR CERTIFIED SOLAR COLLECTOR

SRCC OG-100 Rating

Heliodyne, Inc.
4910 Seaport Avenue
Richmond, CA 94804 USA

° MODEL: GOBI408 001
CO I I ecto r Rq TI n g on I y 06-100 CERTIFIE COLLECTOR TYPE: Glazed Flat-Plate
w CERTIFICATIONS: 2010115D

SRCC OG-100

G I q Zed F I 01' P I q Te COLLECTOR THERMAL PERFORMANCE RATING

Kilowatt-hours Per Panel Per Day Thousands of BTU Per Panel Per Day
CATEGORY CLEAR MILDLY CLOUDY CATEGORY CLEAR MILDLY CLouDY
qu Cuqfed TU be (Ti-Ta) DAY CLOUDY DAY (M-Ta) DAY cLouDy DAY
A [-5°C) 135 10.2 6.9 A (-8 °F) 46.2 349 23.7
B (5°C) 123 9.0 57 B {(3°F) 420 308 18.5
° C (20°C) 10.5 T3 4.1 C (36°F) 358 248 138
an pSho‘I' Vlew Of COI Iec‘ror’ D (50°C) 7.2 42 13 D (90 °F) 245 142 48
E (80°C) 43 16 0.0 E (144 °F) 146 56 0.0

A- Pool Heating (Warm Climate ) B- Pool Heating (Cool Climate) C- Water Heating (Warm Climate) D- Water Heating (Cool

performqnce Climate) E- Air Conditioning

COLLECTOR SPECIFICATIONS

S 8 Gross Area: 2893 me 3227 f2 Net Aperture Area: 2 78 m= 29.93 >
Plot Efficiency or Use Table oy e

Fluid Capacity:

Original Cerification Date: 28-MAR-11

Test Pressure:  1103. KPa 160. psig

Collectors must have OG-100 ™ s L

Cover (Outer): Tempered glass mil's gpm Pa in HzO

Cover (Inner):

to receive tax credits

Tube - Copper !

Absorber Material: Plate - Aluminum

Insulation Side: Foam
Absorber Coating: Selective coating Insulation Back: foam

TECHNICAL INFORMATION

M Efficiency Equation [NOTE: Based on gross area and (P)=Ti-Ta] ¥ INTERCEPT SLOPE
WWW.SOIG I’- I’CITI ng.org Sl Units: n=0.749 -3.69060 (PM 000551 (PN 0.752 2

-4.029 Wim

sC

2 IP Units: n=0749 065010 (PY1 000054 (PN 0.752 0710 Btuhrf?°F

Incident Angle Modifier [{S)=1/cos8 - 1, 0°<6<=60"]
Ko =1 -0.078 () 0.086 gg]z
K =1 017 (5) Linear Fit

Test Fluid: Water

TestFlow Rate: 377 mifem® 00408 gpmit




Which is More Efficient?
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— Where do the lines intersect?

\ 20°F Ambient, Reasonably Bright Day (250 Btuh/sq. ft), with 120°F fluid temp = Fluid Parameter 0.4




Evacuated Tubes
=

1 Heat Pipe and Direct Flow

Sunlight absorbed as heat
by the dark inner surface
of the Evacuated-Tube

Average R-Value per Inch of Various
Materials

Vermiculite

/ Fiberglass Rigid Panel

Perlite

Cellulose

Fiberglass Batt

Open Cell Polyurethane Foam

Icynene Spray Foam

High Density Fiberglass Batt

Closed Cell Polyurethane Rigid Panel

Polyisocyanurate Spray Foam
Polyurethane Rigid Panel (CFC/HCFC..

& f Vacuum Insulated Panel

35




Which Collector to Use?

Swimming

Domestic hot-water, space heating and high te
70° -90° 90 -130° F i
Absor_ber t Plate collec cuum collect
(plastics)

. . Vacuum tube
ulative backi
collector
torage collect low tube PIpE
reflector onnectio

without
reflector

2
E | *Efficiency is not the only factor. Quality, Durability, Service and Cost must also be evaluated!



Space Heating vs. Domestic Water Heating

]
100
S
c
£ 75 Space heatin
= Solar yield reIO uirementsg
2 from fcllar e house
3 160 ft2 otiarg
50
r .
3 collectors Space heating
v requirements
L of small low energy
25 house
Solar yield © DHW
from 54 ft2 o requirements
collectors css5s5s5<=29< 33
2 SESa<=SS5S<I<nO=Zan




System Design
—
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Project Siting
=

AZIMUTH

1 Azimuth angle
=1 Solar South

o Shading S

0 Inclination angle

R ANGLE OF
1 Annual ~ Latitude - 5° INCLINATION
1 Winter ~ Latitude + 15° m??'ﬁé-‘.‘m

T


http://www.resource-solar.com/wp-content/uploads/2009/07/azimuth.gif�
http://www.resource-solar.com/wp-content/uploads/2009/07/inclination.gif�
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Sales Process

Identify quality leads/applications

Site Visit

Solar checklist

Design the system

Follow tables for residential systems

T*SOL/PolySun report

Quote the system

Show Tax Credits/Rebates and System Payback ____

Get ready to installl

Things that may sneak up on you...
Roof moun’ring/q’rtachmenfs

Structural engineering fees

> T CEN I T
ors [} -J& -x.3

CCCCCC

EXPT 002 000 EXPT 002 000 EXPT 002 000

3gal. 3 gal. agal
MSRP with Flush-Mount Kit flange feet standard) 2,817 34,091 5,308
Order Number 50180 50190 50202
MSRP with Rack-Mount Kit (474" legs) $3,064 %4211 $5.468

50185 50135 50208

£
z
El
I




Financial Info

[l

[l

[l

[l

Federal Tax Credit

30% of installed cost (no cap)

State Tax Credit (MA)
Residential-15% ($1000)

State Rebate (MA)

$25*SRCC Category C rating ($3500)

Utility Rebates

Number of Collectors #
Area per Collector (sgft) GOl 410
Solar System Output kWh
Backup Gas Heater Efficiency %
Type of energy being displaced Gas
Energy cost Eunit
Annual Energy cost Increase Gas
Yearly Maintenance Cost

3
Cost of Capital E
State Tax credit %
Stateilocal rebates 5
Federal Tax CreditiGrant %
General Inflation E
Sales Tax %
Corporate Income Tax Rate E

Total system costs (including equipment and installation - sakes tax opti

Sales Tax {input or caloulats) 2114

Water heater replacement costs (if replaced anyway) @
Incremental solar costs

Stateflocal Rebate 9,000
Total Incremental Cost after state rebate

State Tax Credit @

Federal Tax CreditiGrant 16,304

2011 100% Deduction a

Federal tax on State Rebate 2,700

Total Cost after credits & rebate

2011 Bonus Depreciation (Basis minus 50% of Federal Credit) 46,762
Total Cost after credits & rebate

National Grid (Gas/Residential)- 15% of installed cost (cap of $1500)

National Grid (Gas/Commercial)- Based on energy output (cap of $100,000)

Other incentives are available....just go to

T

55,014

46,014

32210

*Pool Heating solar systems do not qualify for tax credits!


http://www.dsireusa.org/�

Expanding Your Business
—

7 Installing Solar
New revenue stream

Distinguish yourself

1 Service Contract

Annually check solar system

And provide regular maintenance on HVAC system




Case Study- Laundromat
N

- Laundromat

o 2000 gal/day
o Existing 3x 400 gallon tanks

o Auxiliary Gas-Fired Water Heq’rer"__._l_,

1 Solar

=1 25 Flat Plate Collectors
m 800 Square Feet

=1 Solar Indirect Tank

o Solar Pump Station

» 3 B ’ = 4 } P |
* W i ". § -
2 LR i -] Picture source:
E \ g BCMedia 2007
4




Case Study- Solar Simulation
N

25 X Flat Plate Collectors Solar Energy Consumption as Percentage of Total Consumption
Total Gross Surface Area: 674.90 sq.ft

Azimuth: 0°
Incl.: 40°

10,000,000~

9,000,000

2000 gal/Day

8,000,000~
7:£00,000-
6,&00,000—

S,EDO,UOD-

4,700,000~

3,000,000~

2,000,000~

1 T T ] ] T T T T T 1
Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec

200 kBtu/hr Solar Contribution 172,788,531 Btu BN Total Energy Consumption 439,081,490 Btu

Solar Tank 3 % DHW Tank
ol : 120 gal Vol : 400 gal

Daily Maximum Collector Temperature

Results of Annual Simulation

170~
Installed Collector Power: 149.75 kBtu/hr 160- ‘ l
Installed Gross Solar Surface Area: 674.9 sq.ft .‘. ||
Collector Surface Area Irradiation (Active Surface): 321.47 MMBTU 513.39 kBtu/sq.ft 1504 [ | “ || ‘I } l'n ||. JIJ ||| " |I | ||
Energy Produced by Collectors: 173.04 MMBTU 276.34 kBtu/sq.ft 140 | || ‘ ’ | 1] | || | 'llll | J | N LI | ‘ | N | r
Energy Produced by Collector Loop: 171.98 MMBTU 274.66 kBtu/sq.ft 130 l I h |.|| |. | I P‘] ||| 1‘ | | ‘ I |1 A l

| | I | It 1

DHW Heating Energy Supply: 423.85 MMBTU 1207 " I || l |‘|l 1 ’ L ’ “‘ I I||I | I|‘| |||- |
Solar Contribution to DHW: 172.15 MMBTU " 110‘ '|. I |J | | r I | i |'1_
Energy from Auxiliary Heating: 265.31 MMBTU 2. 100 | ’| IH | I ‘ f ‘ || || ‘ ‘ J‘I |
Natural Gas (H) Savings: 7,813.9 m? 90_‘ i ‘J 'ﬁ ll,l-1 il ‘ ! \| [ 1 ‘ |
Natural Gas (H) Savings: 2,788.37 therm &0 || I ”[ |r| | I [
CO02 Emissions Avoided: 36,428.34 |lbs 707 f’ |
DHW Solar Fraction: 39.4 % 60— |
Fractional Energy Saving (EN 12976): 39.0 % 50-
System Efficiency: 53.6 % 40-

1 1 1 1 1 1 1 ] 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



Case Study-Feasibility
—

O = R e G B = D

Acc. Savings

(%)

1]

4 048
2524
14 848
20,024
25870
31,800
37,825
&4 362
51,228
58,433
a6, 000
T3040
a2 280
91,048
100,247
108,205
120,048
130,804
141,875
153,614
165,241
178,883
182 473
208,742
221,725

Solar Thermal Rate =

Depreciation
(tax % effect)

0
14,028

OO0 0000 00000000000 0000 000

F o
-37.762
19,088
A4, 210

5088
-3. 710
1.937
7.866
14,092
20629
27.453
34 To0
42 26T
50,213
38,536
67216
TE.514
86172
96313
106,961
118,141
129881
142207
153,150
168,740
183,009
187,992

i Cash Flow A
$250,000
$200,000
$150,000
$100,000
$50,000
50
m& T B 10111213 1416161718192 202122 23242528
-350,000
W y
Financial Feasibility
Met present value 5 187,832
Return on investment S 358%
Pawvback fears 5
$37,762

= $0.54 per therm
2788 therm/yr * 25 yr



Case Study-Residential

2 % 408-001

Totl Gros Surface Area: 6437 saft Solar Energy Consumption as Percentage of Total Consumption
Incl.: 40%

450,000

400,00

350,001
a0
§00,000

250,000

200,00
(=]
= 150,00
Electric- 28

95.54 kBwu/hr 100'000
50,00
DHW Tank DHW Tank
Vol : 80 gal Vel : 50 gal T T T T T T T T T T
Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
M . [13 M 41}
Annual Savin as with “Standard Equipment Solar Contribution 12,920,406 Btu B Total Energy Consumption 18,984,656 Btu

Electric: 4250 kWh (@ $0.16/kWh) = $680.00
Qil: 180 gal (@ $3.00/gal) = $540.00
Natural Gas: 250 therms (@ $1.80/therm) = $450.00

Daily Maximum Collector Temperature

280
260
Results of Annual Simulation 240
Installed Collector Power: 14,28 kBtu/hr 220 p I y
Installed Gross Solar Surface Area: 64.37 sq.ft 200 1 i | | (
Collector Surface Area Irradiation (Active Surface): 30.72 MMBTU 513.39 kBtu/sq.ft 180- | [ |
Energy Produced by Collectors: 15.00 MMBTU 250.65 kBtu/sq.ft —_ NirR TR | | |
Energy Produced by Collector Loop: 14.03 MMBTU 234.49 kBtu/sq.ft & 160 | : : (S LA A (L S M |
| 14, | : v (YA o i W J Ul | I| (| .
DHW Heating Energy Supply: 17 MMBTU 1o M 1| .I' i' 'RAYL "-.‘ . . h i L I
Solar Contribution to DHW: 12.87 MMBTU 12091, (1} ( I ! .. Il 1l
Energy from Auxiliary Heating: 6.04 MMBTU 100- AN (N ' | ' | | | i\
i | | - | 1 I

Electricity Savings: 4,256.2 kWh e L . RRINININ
CO2 Emissions Avoided: 6,249.29 Ibs 60 | |
DHW Solar Fraction: 68.1 % 40 |
Fractional Energy Saving (EN 12976): 68.5 %

T T T T T T T T T T
System Efficiency: 41.9 % Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Naov Dec



Let’s Examine A Live System in Operation...

Correctional Facility in NH

Closed loop pressurized
system (Ground mount)

DHW Load: 7000 gal/day

Kitchen, Laundry,
Showers

64 Collectors (2560 sq. ft)
2250 gallons of storage
~50% SF




Any Questions?

Contact: ross@te2engineering.com
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