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Honeycomb Solar Thermal

GPG-027, August 2016

The Honeycomb Solar Thermal Collector (HSTC) uses a honeycomb insulating layer to
minimize heat loss by suppressing convection, making it particularly effective,
manufacturers say, in cold climates, where many GSA facilities are located. The technology
was installed at two test-bed locations, the Major General Emmett J. Bean Federal Center in
Indianapolis, Indiana, and the GSA Regional Headquarters Building in Auburn, Washington.
Researchers found that, for standard domestic hot water applications in which mains water
is heated by an array of solar collectors and stored in a tank, the HSTC technology was up to
8% more efficient than typical flat-plate collectors. Click on the infographic below to
enlarge.
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Continuing Education Credits

GPG webinars offer Continuing Education Learning
Units through the American Institute of Architects

To receive credit:

Complete the post-webinar survey, or contact Michael Hobson,
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Q: Can you tell us how many sites use this?
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) F rtfolio (P2P) — enable GSA to make sound investment decisions in
eneration building technologies based on their real world performance
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Measurement & Verification
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Jesse Dean Greg Barker
Senior Research Engineer, M.S., CEM Mountain Energy Partnership

National Renewable Energy Laboratory



General Services Administration

GPG-027 Public Buildings Service

Honeycomb HONEYCOMB SOLAR

olar Thermal THERMAL COLLECTOR
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Cost-Effective for Facilities with Electric Water
Heaters and Large Consistent Loads

The Energy Independence and Security Act of 2007 (EISA)
requires new federal buildings and major renovations to meet
30% of their hot water demand with solar energy, provided

it is cost-effective over the life of the system. In response to
this mandate, GSA's GPG program commissioned the National
Renewable Energy Laboratory (NREL) to assess a unique
solar hot water (SHW) collector technology, the Honeycomb
Solar Thermal Collector (HSTC). The HSTC uses a honeycomb
insulating layer to minimize heat loss, making it particularly
effective, manufacturers say, in cold climates, where many
GSA facilities are located. The technology was installed at

two test-bed locations, the Major General Emmett J. Bean
Federal Center in Indianapolis, Indiana, and the GSA Regional
Headquarters Building in Auburn, Washington. Researchers
found that, for most domestic hot water applications in which
mains water is heated by an array of solar collectors and stored
in a tank, the HSTC technology was up to 8% more efficient




Requirement for Solar Hot Water

30% of Solar Hot Water Required—EISA 2007

Domestic Hot Water Energy Sources

e For new construction and major renovation. Provided it is Solar 2%
cost-effective over the lifetime of the equipment. Technology
life for SHW systems is typically 25 years.

Electric

e  When the law was written, SHW was more cost effective than 23%
PV. Since then PV has dropped 80% in price and natural gas
prices are 48% lower."

ey Propane 3%
0il 0%

"Natural Gas per 1,000 cubic/ft 2007=57.31; 2017 $3.52, https://www.eia.qov/dnav/ng/hist/n3045us3a.htm
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How It Works

e The collector captures sunlight energy with 1 . RO
solar panels and heat a fluid (sometimes but
not always water).

e Heated fluid flows from the collector to a
storage tank for use in service applications,
space heating and cooling, and process heat.




How HSTC Differs from Typical Flat-Plate Collectors

Claim of Higher Operating Efficiency in Cold Climates
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Measurement & Verification

Researchers Monitored Performance at Two Demonstration Sites in Cold Climates
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GSA Regional Headquarters, Auburn

Mild wintersqand-summers, low solar solar resource

Bean Federal Center, Indianapolis
Cold winters, hot summers, average solar resource

Technology for test-bed measurement and verification provided by Tigi Solar



System Design

Recirculation Loop Return
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@ = Air Temperature Measurement

Auburn Regional Headquarters

Bean Federal Center



Performance Objectives

e Was collector performance within +/-10% of | e | . :
manufacturer’s claims? N =5
| b - o8
. ) 23 :8’ . . z
e What was efficiency compared to incumbent g i °!°'.: . - g
: 1] S o
technologies? : B ; o é
. . g ¢ 3 %8 ALAM’O‘S!CD 4 3
e Did the overheat protection work as expected? H | §
e What is the expected return on investment? i 3 = §

Daily Global Solar Radiation in Collector Plane (kWh/m?)

U.S. Locations Used in the Simulation Study




Measured Efficiencies Within 2% of Manufacturer’s Estimate
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Comparable to Flat-Plate Collectors—Up to 8% Greater Efficiency

Little difference between hot & cold climates when using a temporary storage tank.

Should outperform flat-plate in systems without a storage tank, particularly in cold climates. SHW systems
without storage tanks require less infrastructure and can be more cost-effective.
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Overheating Protection Worked
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Measured Stagnation Temperature During a
Clear Day in January. Outdoor Temperature Was
About -9°C (16°F).



Energy Savings—Bean Federal Center

11,100 KWh/year
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Energy Savings—Auburn Regional Headquarters

3,155 kWh/year
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Climate Important to Cost Savings and System Sizing

Optimal System Size for 500-Gallon Load PO
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Large Loads are Critical for Positive ROI

Positive ROl With Electric Reheat, 500-Gallon Weekday Load and 46/ft? Installed Cost

Hot Water System Unit Collector Solar Annual Energy Payback
Load Cost Area Fraction* Savings (years)
» (gal/day) ($/ft2) (ft?) (kWh/yr)
Seattle, WA 125 $102 88 0.44 3150 400 026 CoIIectczr costls
cold/cloudy i s only 20% of
el soloraioton 500 $102 175 032 8,937 . ; installed system
5.0 gigajoule/m?/yr
0104 Hy 500 $46 175 0.32 8,937 130 1.15 cost, a more
Indianapolis, IN 125 $102 88 0.51 3,638 290 0.42 expensive collector
cold/partly cloudy 192 061 .
annual solar radiation ikl $102 175 0.38 10,448 - : has a relatively
5.9 gigajoule/m*/yr 500 $46 175 0.38 10,448 93 1.68 small impact on
Denver, CO 125 $102 88 0.60 4,291 245 0.54 overall costs.
cold/sunny
annual sola radiation 500 $102 175 0.44 12,343 162 0.98
6.8 gigajoule/m?/yr 500 $46 175 0.44 12,343 78 2.03
Phoenix, AZ 125 $102 88 0.54 2,757 214 0.50
warm/sunny
annugl splar radiation 500 $102 175 0.71 13,556 15.0 1.06
8.5 gigajoule/m?/yr 500 $46 175 07 13,556 73 2.20




Guidelines for Deployment

e Implement Efficiency First Applicable water conservation and energy efficiency opportunities should
be implemented before sizing a solar thermal system.

e Use Accurate System Design Tools to Optimize Cost Effectiveness Using the approach outlined in
NRELSs report to determine system design, a detailed sub-hourly simulation program should be used
and the system should be modeled accurately with SRCC-rated solar thermal panel performance data.
Life-cycle cost, rather than efficiency, should drive system selection.

e UseaTrained Solar Hot Water Installer There are several unique features of SHW systems with which
experienced plumbers may not be familiar, such as calculating the required pressure of collector fluid
to avoid boiling under stagnation conditions.

e Require a Backup System SHW systems almost always require a backup system for cloudy days and
times of increased demand.




Target Locations

e Large, Consistent Weekday Hot Water Loads The larger the load being offset, the more cost-effective
the system (facilities with workout facilities, kitchens, laundry).

e Central Hot Water Systems Facilities with centralized domestic hot water systems should be
targeted for SHW. Facilities with small de-centralized point-of use domestic hot water systems are
not suitable for solar thermal installations.

e Roof Availability Facilities with roofs that won't need to be replaced for 20 to 25 years, have sufficient
space available to accommodate an SHW system, and won't need expensive structural modifications
to carry the increased load.

e High Solar Resource Sunny locations are more cost-effective.

e High Energy Costs The unit cost of electricity (5/kWh) is seven times higher than natural gas in many
locations.



Deployment

Consider for Facilities with Electric Water Heaters and
Large, Consistent Loads

e Natural gas prices in the U.S. are generally too low to make SHW
cost-effective.

e Life-cycle cost, rather than efficiency, should drive system selection.




GSA Feedback—GSA Regional Headquarters, Auburn

Marty Novini
Energy Program Manager
Northwest Arctic Region 10




GSA Regional Headquarters, Auburn

e Installed as design build

e The mechanical system installer
engaged a solar expert for this
installation

e Avyear after the installation was
completed, our cafe was closed,
which impacted the payback

e Works well in summer, but has
limited application in winter



Process and Instrumentation Drawing

System Drawings Report
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GSA Feedback—Bean Center, Indianapolis

Alan Miller

Project Manager
Southern Service Center
Indianapolis, IN 46249




Bean Federal Center

Not currently operating, need to consult with a local
solar thermal system installer and re-examine:

1. Concentration of glycol (antifreeze)
2. Set point of pressure relief valve
3. Pressure of fluid in system




Bean Federal Center—Preliminary Recommendations

e Change from 30% to 50% antifreeze

e Increase system pressure from
15 psi to 78 psi in the mechanical
room (70 psi at the roof)

Note: desired pressure estimate is on the
roof but pressure is being measured in
the mechanical room, 2 floors down,
pressure change is 0.4 psi per foot.

Assigning Pressure

Concentration
Propylene
Glycol

(%)

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

Gauge
Pressure

(psi)
34.8
39.2
435
47.9
52.2
56.6
60.9
65.3
69.6
74.0
78.3
82.7
87.0

Boiling
Temperature

(degF)

292.0°
297.3°
302.2°
306.7°
311.0°
315.0°
318.8°
322.4°
325.8°
329.0°
332.1°
335.0°
337.8°

Freezing
Temperature

(deg F)
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°
-23.2°

min. pressure = 47.9 psi

recommended = 69.6 psi
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Modeled Energy Savings for HSTC in Locations with Different Solar Resources
Large loads are critical for positive ROI
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Natural gas prices in the U.S. are generally too low to make SHW costeffective.
Life-cycle cost, rather than efficiency, should drive system selection.
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For more information: gsa.gov/GPG

Michael Hobson, Project Manager michael.hobson@gsa.gov 312.353.4871
Kevin Powell, Program Manager kevin.powell@gsa.gov 510.423.3384
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