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Session Learning Objectives

1. What do solar thermal energy systems provide for the built
environment?

. Components of active solar thermal systems?
. Examples of loads served by solar thermal systems.
. Three case studies where large solar thermal systems.

. Thermal energy storage (it's use and sizing) required by
solar energy supply vs load. Review for each case.

. Design challenges & major system design options faced
while implementing large solar thermal projects.
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ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education Systems. Credit
earned on completion of this program will be reported to ASHRAE Records for AIA members. Certificates of Completion
for non-AlA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such, it does not include
content that may be deemed or construed to be an approval or endorsement by the AlA of any material of construction or
any method or manner of handling, using, distributing, or dealing in any material or product. Questions related to
specific materials, methods, and services will be addressed at the conclusion of this presentation.



AGENDA

e Quick Look at Solar Thermal Economics as
Compared to Solar PV

e Case Studies:

— Oakland University Human Health Building: Hybrid
Geothermal / Solar Thermal HVAC System: Pt 1 Design

— District Energy St. Paul: Solar Thermal & Biomass for
Downtown St. Paul, Minnesota

— Drake Landing Solar Community with Seasonal Energy
Storage

2013 Annual Conference, Denver, Colorado
—
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— Thermal System @$%$1,400 / sq meter (60% efficient)
— PV System @$4.00 / Watt (15% efficient)

- _» 16% solar capacity factor
for both & solar thermal
assumes 80% eff.

$5 to $12 / MCF displaced gas heat
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Utility Cost per kWhr (or kWhr equivalent of natural gas)

Comparison of the annual energy value of two

separate $10,000 solar systems:

PV and solar

thermal at various utility rates.
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PV Annual Output Value for a $10,000 Investment

_
$1,000 /

$900

$800
$700
$600
$500
$400
$300
$200
$100

Annual Energy Value

$$016
0 0.14
$29 $0.12

0" Utility Electrical
Cost per kWhr

Sensitivity analysis of $10,000 PV investment with varying
Installed cost and natural gas or electric rates

Cost per Watt (installed cost)



Thermal Annual Output Value for a $10,000 Investment
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Sensitivity analysis of $10,000 solar thermal investment with
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PV Solar Thermal
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thermal investments with varying installed cost and
natural gas or electric rates






Oakland

UNIVERSITY

Located in Southeast
Michigan, just north of Detroit
In suburban Oakland County
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Public University
Golden Grizzlies
19,000 students

3.0M square feet

132 baccalaureate
degree programs

126 graduate
degree and
certificate
programs






Clean Energy Projects at Oakland

wind Turbine

Froposal:
2 AW furbine with ’. L

third party finance

OAKLAND
UNIVERSITY.

Clean Enerqgy Research Center:

Efﬁ'aﬁifﬁ 5‘1 0% MNews center is launched showo=asing
of CEI'I'IPFIUS Aoveood bailer, Bdg efficiency,
electricity at a cost hindigssl, biormass, ethanal &
= | less than giid snlar energy systems st the OU INC :
Energy Project: $25M enargy power FHbkd outside L) Engineering Center: F72M Hybiid
zavings perfomance contrac investment) - building design with chilled beams &
Crievy wi nd oues, air conditioning 1 micro-tumines with cogeneration
chillars, lighting & controls)
b
Outdoor LED
Lighdi 0.5hd
10 40 Solar oot BEInae
F120,000 I:-IU|I-:I||'.|g |ntegr.ated . T80 panking lot &
solar electic shingle project ro adu s
I Wiood Chip Boiler
Plant Study & Proposal
abandoned]: : .
g FA0M third party financed, new Cogenerstion RFG: $8-10M
Energy Project: F11hd central heating plant was On-zite natural gas turbine to
energy savings (and deferred proposed, but the dewelopment heat, gool, and power campus.
maintenancs) pefomance g

Syr pavback while lovwering
carbon footpint by G0%

was egreckod as gas priozs fell

Energy Metering: contract

B0 G for “smart grid”

upgrades, to meter
heating and electrical
.

uzage I

Wind Ener gy Study:
100 meter tall wind spe ed

sensing toweer & study

Hurnan Heslth Building: $H65M
Flatinum rated green building project,

geothermal £ solarthermal design

Human Health Building: Geothermal / Solar Thermal Hybrid Project



What are Ground Source Heat Pumps?

Cooling Mode Heating Mode

400 Tons 150 Tons

also referred to as Geothermal Heat Pumps
or GeoExchange



HHB Project Overview

Timeline

— Geothermal ground array bid package: April 2010
— Geothermal ground array construction: Summer 2010

— Main building construction begins: June 2010

— Substantial completion: Summer 2012

— Performance monitoring & reporting: 2012 through 2014
 Budget

— Total project: $9,778,930

— DOE share $2,738,100

— Awardee share $7,040,830
 Barriers (No funds received yet)

— Lack of experience with: Geothermal projects of this size, VRF
heat pumps, large solar themmal systems, & desiccant cooling

Architect / Engineer: Smithgroup
Construction Manager: Christman Company
Geothermal Specialist:  Strategic Energy Solutions



Technologies Utilized

Geothermal Heat Pump Demonstration

Utilize a ground sourced heat pump HVAC system.

Variable Refrigerant Flow Technology

Utilize variable refrigerant flow (VRF) heat pumps, allows
for less compressors and enhanced internal heat recovery.

Solar Thermal Desiccant Dehumidification

Dedicated outdoor air supply units will utilize a thermally
regenerated desiccant dehumidification section. A large
solar thermal system along with a natural gas backup boiler
will provide the thermal regeneration energy.



Geothermal System

Closed Hybrid Loop

—

Original
Concept




Geothermal System (grant funded full system)

Closed Ground Loop
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Variable Refrigerant Flow Heat Pumps

Indoorunns

Water-source unit

cnntro[ler

Heat recovery

\

|TNate?|‘ Refrigerant circuit )I




Solar Thermal Desiccant Dehumidification

o

?’/(gx

. \ Solar Thermal
\ \ Collectors

Human
Health
Science
Building

Warm, humid
air from space

100% outdoor
air, cool & dry
Qutdoor
Air

desiccant heat recovery
wheel wheel

Dedicated Outdoor Air Suppy Unit




Temperatures Needed for Thermally Activated

Cooling Technologies

T) collector efficiency
1.0

---- flat plate collector

: ww@yacuated tube collector
ey adsorption

0.8 . i, Ui =wsolar air collector —

0.6 T ———
Cingterait \‘ L single effect \ i
cooling

absorption
0.4 —
double effect
absorption
0.2
at 25 °C Ambient
800 W / m2Solar flux
0
25 50 75 100 125 150 175

fluid average temperature [°C]




100% Outdoor Air Unit (with desiccant)

Exhaust from
Exhaust Air

Outdoor Air Conditioned Air
Intake to Space
e



Solar Thermal

N

Outdoor Air | Warm Dry Air to Building

Desiccant
Material Embedded
in Rotating Wheel



Desiccant Dehumidification

Cooling

cool

heat

dehumidifier

2

heat recovery

return
I‘?.-lir
7
A e
air
3 5 6

Dedicated Outdoor Air Units (DOAYS)



Desiccant Dehumidification
Cooling

e 2

— = .

Moisture
content
kag/kg,,

Rocating Regeneration air

11 =% %10

COOLING
MODE

Dry-bulb temperature 6, 0, é



Ground Loop Spec’s

Geothermal Heat Pump Demonstration

HEAT EXCHANGER INFORMATION

Configuration

Vertical Closed Loop

Borehole Quantity

256

Borehole Depth 320 feet
Borehole Separation 25 feet
Mumber of Circuits 20

Thermal Conductivity *

1.23 BTU I {hr-ft-deg F)

Soil Diffusivity

0.83 foot2 | day

Undisturbed Ground Temperature * 530 degF
GHX Pressure Drop 42 feet of head
FLUID INFORMATION

Total Flow 1,225 GPM
Fluid Water only
Minimum HP Unit Inlet Fluid Temp 40 deg F
Maximum HP Unit Inlet Fluid Temp 90 deg F

* From formation
thermal conductivity
test data taken July
30, 2009



Ground Loop Spec’s (pg2)

Geothermal Heat Pump Demonstration

GROUT INFORMATION

Grout Type

Thermally Enhanced Bentonite

Minimum Thermal Conductivity

0.88 BTU  {hr-ft-deg F)

FLUSH & PURGE INFORMATION

Minimum Fluid Velocity

2 feet / second

Minimum Purge Flow (per circuit)

75 GPM

Purge Pressure Drop (per circuit)

47 feet of head

GHX CAPACITY INFORMATION

Peak Heating

2,000,000 BTU / hour ({166 tons)

Peak Cooling 4520000 BTU fhour (410 tons)
Heating EFLH 1,455 hours
Cooling EFLH 929 hours
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HF's HF's
HF's HPF's
HF's HF's
HF's HF's
HPF's HF's
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Meter Information

TAG | Description Unit | Media Dirctn | Meter

Eeicct Electrical utility kKWhr | Electricity In Nexus 1262
Eqpv Solar photovoltaics kWhr | Electricity In Shark 200

E.q Natural gas utility MCF | Natural gas In Gas

=S Solar thermal system | BTU | Solar hot water In Ultrasonic BTU
Eoco Ground loop BTU | Ground loop water | Bi-dir | Ultrasonic BTU
E.ore | Solar ground storage |BTU | Solar hot water Bi-dir | Ultrasonic BTU
Eyiin DOAS intake air BTU | Outdoor air In Air flow & temp
Eviout | DOAS intake exhaust | BTU | Exhaust air Out Air flow & temp
Eyoin DOAS intake air BTU | Outdoor air In Air flow & temp
Evoout | DOAS intake exhaust | BTU | Exhaust air Out Air flow & temp
=S Laboratory exhaust BTU | Exhaust air Out None

Einer | SNOW melt system BTU | Hot water Out Ultrasonic BTU




Meter information

Nexus 1262
Shark 200

Gas

Ultrasonic BTU

Air flow & temp

Utility switchboard electric meter
Multifunction panel electric meter
Rotary natural gas meter with pulser
Ultrasonic flow and energy meter

Dedicated Outdoor Air Unit (DOAS)
with packaged air flow station and
temperature / humidity sensors used
by the building automation system to
calculate energy
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SWS/ SWS
- SWR SWR
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BI-DIRECTIONAL FLOW

SIMPLIFIED HEATING DIAGRAM
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BI-DIRECTIONAL FLOW ————
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GEO FIELD
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BI-DIRECTIONAL FLOW ———— (SWS)
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CONTROL NETWORK ARCHITECTURE

VRF BRAMCH SELECTOR BOX =

\

BLILDING WORKSTATION
{COMPUTER AND PRINTER.
RO 10570)

CAMPLIS
ETHERMET

ETHERMET

BACNET EMERGENCY
MSTP GENERATOR
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MSTF DO AS
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DAIKINORMITSU)] ™ TO OTHER BAGNET SR ihiEN CAMPLUS
% VRF HP'S MSTP CONTROL ETHERNET
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GEQ HIC
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WHF HF'S MSTF PAMEL
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Solar PV on top of penthouse
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End of Part 1: System Design

Part 2: Construction, Commissioning &
Lessons Learned

Part 3: Energy Monitoring & Performance
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