
WMU Campus Climate Action Plan Workshop – 6 Nov 2015

Possibilities for Campus Thermal 
Solar Energy

John B. Miller
Chemistry Department
Western Michigan University

Annual solar energy flux to 
continental US
(54,000 Quad = 5.4×1019 BTU)

Annual USA 
energy use
(100 Quad -- 0.2%)

~50%

~50%

Visible

Infrared

Photovoltaic
(PV)

Thermal



WMU Campus Climate Action Plan Workshop – 6 Nov 2015

Campus Thermal Solar Options
http://www.nrel.gov/tech_deployment/climate_neutral/solar_thermal.html

•  Domestic Hot Water
Evacuated Tube or
Flat Plate collectors

http://energy.gov/eere/energybasics/articles/
solar-water-heater-basics



WMU Campus Climate Action Plan Workshop – 6 Nov 2015

Campus Thermal Solar Options
http://www.nrel.gov/tech_deployment/climate_neutral/solar_thermal.html

•  Domestic Hot Water
Evacuated Tube or
Flat Plate collectors

•  Space Heating
ventilation pre-heating

• At night the collector assists heating because heat 
lost through the main building wall behind the Many commercial and industrial buildings 

have high ventilation rates. Although all 

Transpired Air Collectors 
Ventilation Preheating 

Transpired air col-
lectors preheat 
building ventila-

THIS ELEGANTLY 

SIMPLE TECH-

NOLOGY CAN 

BE HIGHLY COST 

EFFECTIVE FOR 

COMMERCIAL 

AND INDUSTRIAL 

BUILDINGS. 

that fresh air is great for indoor air quality, 
heating it can be very expensive. But an 
elegantly simple technology is available to 
use solar energy to preheat ventilation air 

and dramatically reduce utility bills. 

Transpired air collector systems essentially consist 
of a dark-colored, perforated façade installed on a 
building’s south-facing wall. An added fan or the 
building’s existing ventilation system draws ventilation 
air into the building through the perforated absorber 
plate on the façade and up the plenum (the air space 
between the absorber and the south wall). Solar energy 
absorbed by the dark absorber and transferred to the 
air flowing through it can preheat the intake air by as 
much as 40°F (22°C). Reduced heating costs will pay 
for the systems in 3–12 years. 

This R&D 100 Award-winning technology is the 
product of the practical initiative of Conserval—a 
private solar heating and energy conservation company 
that markets the technology as SOLARWALL©—and 
the scientific expertise of the U.S. Department of 
Energy’s (DOE’s) National Renewable Energy 
Laboratory (NREL). Unlike previous technologies for 
space heating, the transpired collector requires no 
expensive glazing with associated energy loss to 
reflection. Design refinements, identified by NREL’s 
research and computer modeling, boosted the amount 
of available solar energy (diffuse as well as direct sun-
light) that the transpired collector can capture to a 
record-breaking 80%. Using transpired collectors pro-
vides numerous other advantages: 
• The collectors are virtually maintenance free, with 

no liquids and no moving parts other than the ven-
tilation system fans. 

collector system absorber is recaptured. 
• Transpired collectors help meet demands for 

improved indoor air quality, because better ventila-
tion is an integral part of the system. 

• Collectors can be added on to or designed as part 
of a building’s façade; commercially available 
SOLARWALLs© use attractive metal sheeting and 
are available in many colors. The systems will pay 
for themselves even faster in new construction than 
when added to existing buildings because of money 
saved on the building’s façade. 

tion air by using 
the building’s venti-
lation fan to draw 
fresh air through 
the system.The 
intake air is heated 
as it passes through 
the perforated 
absorber plate and 
up the plenum 
between the 
absorber and the 
south wall of the 
building. 
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http://www.nrel.gov/docs/fy06osti/29913.pdf
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Campus Thermal Solar Options
http://www.nrel.gov/tech_deployment/climate_neutral/solar_thermal.html

•  Domestic Hot Water
Evacuated Tube or
Flat Plate collectors

•  Space Heating
ventilation pre-heating

•  … and space cooling!

•  Concentrating Solar
Process Heat
electrical Power
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Process Applications for

Small Absorption 
ChillersSMALL ABSORPTION CHILLERS IN

PROCESS APPLICATION

❯❯ This technology getting a second look

❯❯ Industrial application not confined
to large units

❯❯ Equipment as small as 5 tons 
playing roles

❯❯ Advantages include avoided
demand charges, long unit life,
ability to recover process heat

❯❯ Units being used successfully in
wide range of commercial, 
industrial applications
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bsorption chillers make
sense in many applications
for process water cooling.
Instead of mechanically
compressing a refrigerant

gas, as in the familiar vapor compression
process, absorption cooling uses a 
thermo-chemical process. Two different
fluids are used, a refrigerant and an
absorbent. 

Heat directly from natural gas 
combustion, or indirectly from a boiler,
or other waste-heat source drives the
process. The high affinity of the refriger-
ant, water, for the absorbent (usually
lithium bromide or ammonia) causes
the refrigerant to boil at a lower temper-
ature and pressure than it normally
would and transfers heat from one place
to another.  

Lithium bromide-water systems are
used for larger tonnages in process
applications. Ammonia-water systems
are more common for small tonnages
and for lower temperature applications,
with achievable temperatures as low as 
-40° F (-40 C). Ammonia-water systems

are usually air-cooled, while lithium 
bromide-water systems require condenser
water-cooling, usually from a cooling tower.

MINIMAL ELECTRIC REQUIREMENT
In either cycle electric energy is needed
only for pumps, fans and controls.
Absorption chillers can be direct-fired or
indirect-fired, and they can be single-
effect or double-effect. Double-effect
absorption machines recycle some of
the internal heat to provide part of the
energy required in the generator to 

create the high-pressure refrigerant
vapor. Natural gas is an attractive pri-
mary fuel for direct-fired machines. With
gas firing, emissions are low, and can be

further reduced by the application of
low-NOx burners. Absorption cooling
equipment has very few moving parts
and usually has a long service life. 

RECENT EQUIPMENT IMPROVEMENTS
Important improvements in absorption
equipment in the last 10 years have
included improved heat exchange mate-
rials, more reliable pumps and motors,
and controls that permit precise process
management. Many energy observers
feel that a new age of process absorption
cooling is coming. Opportunities are
being explored for application of small
absorption units for a variety of 
applications. Is it possible that small-

The basic operation cycle of the single-effect absorption chiller

PLANT & BUILDING UTIL IT IES

http://www.gasairconditioning.org/
gas_cooling_to_publish/pdfs/articles/Process
%20applications%20for%20small%20absorption
%20chillers%20Winter%202003%20GT.pdf
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How much solar energy is available…here?
PV
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January September Annual

2.0-2.5
kWh / m2 / day

5.0-5.5
4.0-4.5

3.5-4.0
<4.0
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Solar Domestic Hot Water (DHW)
Demand:

Type of building Consumption per 
occupant 

Peak demand 
per occupant 

Storage per 
occupant 

 L/day gal/day L/hr gal/hr L gal 
Houses and flats 90-160 20-35 45 10 30 7 
Schools, boarding 115 25 20 4 25 5 
 http://www.engineeringtoolbox.com

Consumption per 
Building 

Peak demand per 
Building (???) 

Storage per 
Building 

L/day gal/day L/hr gal/hr L gal 
57500 15200 10000 2640 12500 3300 
 

Assuming 500 residents per building

Heating requirement ∝V (Thot - Tcold) / t 
Thot = 60°C, Tcold = 10°C
day = 10 hr

E = 3300 kWh
area = 80-170 m2



WMU Campus Climate Action Plan Workshop – 6 Nov 2015

What impact for campus housing?
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Solar hot water example - I
http://news.harvard.edu/gazette/story/2010/10/
creating-power-by-the-yard/

Harvard University
Canaday Hall
•  300 m2 collectors
•  1000 gal buffer tank
•  55% efficient

(20-30% for fossil fuel system)
•  166 tonnes CO2 reduction annually
•  ~40% of DHW for ~1600 students
•  10-year payback

20 Prescott Street
•  Single building DHW 
•  Online monitor

https://www.vbus.net/scheme/e179426739ba1e481e5d3ecd634799bb
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Solar hot water example - II
Eastern Mennonite University (VA)
Cedarwood Dorm
•  ~90 m2 collectors
•  2×500 gal buffer tanks
•  ~50-70% of DHW for 120 students�

throughout year
•  on-campus monitor

http://sunearthinc.com/collectors/empire/
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Space Cooling
Cochise College (AZ, 2006)
•  60 tons cooling @ 44°F (6°C)
•  48 paraboloc trough Solar Thermal collectors provide 

210°F (99°C) glycol to evaporator
•  15,000 gal buffer tank provides Douglas campus DHW
•  $20K reduction in annual energy costs (2010)

http://www.energy-concepts.com/_pages/app_helichiller.htm

http://www.abengoasolar.com/
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Space Heating
Solar Ventilation Preheating
•  Transpired Collector

•  Fedex Facility (CO)

http://www.nrel.gov/learning/re_solar_process.html
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Watt’s in the future???

Evacuated tube

Flat Plate

Total$10 / sq. ft.

$20 / sq. ft.
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Questions?


