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INTRODUCTION

Increased concern for conservation of energy and natural re-
sources led to the initial consideration by the Vermont Agency
of Transportation to try a solar project. The added enhancement
of Federal money to construct such a project resulted in the in-
stallation of a solar hot water system for the newly constructed
Welcome Center on Interstate 93, in Waterford, Vermont. This
report describes the construction, type, operation, and perform-

ance of the system used.



LOCATION AND BUILDING DESCRIPTION

The solar system was installed on a newly constructed Welcome Center on
Interstate 93 in the town of Waterford, Vermont. See Location Map,
Appendix A. The location is at latitude 44°-22' north and 71°-52'

west longitude. The building is approximately 930 feet above sea

level.

The building has a floor area of 2200+ square feet of which 1670 square
feet are devoted to public use. The longitudinal axis of the building
is 10° east of due south. The southern roof exposures are on a 39.8°

incline and free of shading. See site plan, Appendix B.

Welcome Center -~ Southern Exposure



CLIMATOLOGICAL INFORMATION

Climatological data obtained from the U.S. Department of Commerce

Environmental Data Service for the site of the Welcome Center is

as follows:
Mean annual number of days maximum temperature 90°F and above ... 2
Mean annual number of days minimum temperature 32°F and below ... 180
Mean annual total heating degree days (base 65°F) ...vveivennnnn. 8500
Mean length of freeze-free period (days) ceeveeeerrinrenrnneeanns 120
Normal monthly total precipitation (inches) .eveveeviniannant. 3.3
Mean annual number of days with 0.01 inch or more precipitation . 175
Mean annual total snowfall (inches) .ieieeiireiioeieanerennnnenns 100
Mean monthly percentage of possible sunshine for: January ....... 40
July «...... 40
Mean annual percentage of possible sunshine .....covieianinaen. 40
Mean annual total hours of sunshine ........ciieeiiiiiinennnnens 1800
Mean daily solar radiation (Langleys) for: January .......c..... 117
July coveiineas, 500






Panels were mounted in two separate banks of two panels each because of
building design. The two banks were connected in series with the panels

in each bank connected in parallel/reverse return.

The Sunstream heat exchanger module consists of a double-wall, center flow
heat exchanger which provides insurance against potable water contamination;
two sealed, no-maintenance circulator pumps, one for collector fluid and

one for water; an expansion tank; check valve; relief valve; C-30 dif-
ferential temperature controller with high-temp cut off; two manual hose
bibs for easy filling; solar loop pressure temperature gauge, three position
operating mode switch and molded cover. Manufacturer's detailed description

and schematic of the heat exchanger can be found in Appendix C.

SUNSTREAM HEAT EXCHANGER
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The hot water tank is a 120 gallon
tank insulated to R-20. The top
third can be heated with a backup
4500 watt electric element. The
tank is tapped on top with four
internal pipe legs of varied
length extended into the tank to
prescribed depths to gain maximum
efficiency from the solar system.
The system requires no other back-
up. The Vermont Agency of Trans-
portation plans of the hot water
solar collector system are shown

in Figure 1, page 7.

MONITORING EQUIPMENT AND PROCEDURES

Various monitoring equipment was used to keep records on solar fluid temp-

erature, water temperature, ambient temperature and quantity of water used.

A C-100 differential temperature control/performance monitoring unit was

installed to monitor the following items:

Solar collector temperature

Glycoltemperature as it enters heat exchanger

Glycoltemperature as it exits heat exchanger

Hot-water temperature from heater tank as it enters heat exchanger
Hot water temperature to heater tank as it exits heat exchanger
Mechanical room temperature



ST T3 P T
- W NIVIINIG JILTWIH S

(- c6 w1 ! WILNED INODTIM
X oM s TTAEOA WOLVANRING

AN ST AToNd | 20084 .
Zo61 ‘2t gy _ S “r vy Onp) Mr.wou:.m,--wcﬁ”:.u ﬂﬂ
Ot (q ummagt | P p J!..{a?.r))o “ATRTIED wevmo
W3LSAS HOLD37170D. AL T M Nty T T CWBLSAG, MM TMOTNg] MM ITVSTRIN] R-ImiSWeaT] - 1202 ] RS

HYIOS N3IYM LOM
582 ON YRR

ANOWYIA ‘GBOAUR LYM

20 KROL

.

E R
Loy
33

T TNOTR ER0BdY TO
zo_.r<u.~wommz<xh 40 XONFOV At WEZOATA - i3S T n..\ﬁxni 5 RNt e e
thOHfMHMﬁ.? rwo m.ﬁdﬂﬁm \.b.‘b“shi Q.Eﬁwd .B.(CZ.\OE mranTid P ’ Oea T
! fowoa iy, - uz(A YT D
DIV Ao PR TviQ

O WAV U0 SINITD FICARTEIN BOYW
WO MY 20 DSOVTTIH CINOTTe YR THA
| IR IAVALNOT M D ON CIOMERRSLOraL
nof?gr?tt)gg_gk
- LORUPTIY \WCRiS HOUFZIONL N IALTAM
30 24T N0 A0 Ry UM aTIXES
LON 0T oMy BIBUWKRT 1IN0 SIMMT QL TmeED 2 hw
RN WA UUM SRS, TIY S22
éb.ﬁei), s v a.uo..( Ry, 1..-.{-..3.

A KO AB R THA

FROM HTUM NI ST Y AHUIN 4 TDOM 40

DrPurpevsay ovv B0 kAOT OL o2
PDXWVZTAG STwE N TR SR ENOLNGD ‘T

CoTAEBN l\oavtwgﬂ(h
*HHONDIBLEN] NIULITN DK DOUTEL D |
SNOLIBINGT THATD WD D J‘fﬂz-ﬂb‘“.&& ‘e

- - i
* INQ W al Faow WoTd anpweadtf <9

M o wts - ¢ it adit b,
- ‘paahop | TRVKDE QL LING RN WS TRWUM 5
Ny YOG ’Aaig O TN, T G “SICLIIN
P “Debecy | ' WOTE SBOMIAWEL Vs 20T2TIO) Y
_:.zsn Ag...u»?rié.nai “anpram < ROLIEIOY
OL 110 IS BAVOL NN P0ET0) £

vﬂ.ﬁa..v et SO AOTRVD SN O DYOIOiL
= Y WU - STOLrTIAWRL t.u&{\ z

SSADLTINNID SIOWITE T D9 G G
i’lnhbﬁgs.cc.«zux.\iuu_s&. NI 4§F§§r§ﬁ\8.ﬂi. 1

‘Nﬂ&EI\

TUULSTROW AL
P3re LA M DL~ Sk A Awesrp
'3 OVT- S WP

N TR0 $LS e AW - TRENOWSHL

LAY, 0% L NI BN
iAtE——

i TES. MM STOTINGD TELS @

FTING AUTITIOD DTy i INT

S MO i RN PINLINOERE SEOTIN

“DOLINOW TINTBIC? SO

NCOT47 TWTINITCI IODN HTIEIO, TS

T 5 ¢ ¥




In line thermometers were installed on water lines entering and exiting

the hot water tanks.

Water meters were provided on the water supply to the building and on the

inlet line to the hot tank.

Electrical supply lines to the solar equipment and the hot water heater

were equipped with kilowatt-hours meters.

Readings were taken from the monitoring equipment at various time periods,
ranging from two weeks to a month. The monitoring period was from June of
1983 to December of 1984, approximately 518 days. Due to a delay in the
installation of the kilowatt meters, readings of the electrical usage were
only taken from November, 1983 to November, 1984. Visits to the facility
were all midday and under varied weather conditions. Periodically, temper-

ature readings were taken by fulltime Welcome Center personnel.

Data was used to determine temperature exchanges between glycol and domestic
water, heat exchange between glycol and solar collector, electrical energy
used for heating hot water and operating solar equipment and quantities of

water used.

RESULTS OF DATA OBTAINED

Traffic flow, accessible to the Welcome Center, averaged 1,050 vehicles per

day and approximately 5,600 people used the facility during the monitoring
period. Water meter readings showed that approximately 9% of the total water
usage was hot water. Throughout the monitoring period, 122,718 gallons of water
were used, of which 10,997 gallons were hot water. Daily usage of hot

water fluctuated from 13 to 49 gallons and the temperature of non-tempered



hot water ranged from 120° to 185°F. On no occasion was there any report
of shortage of hot water. Incoming water temperatures from the drilled
water well ranged from a low 56°F during the coldest months to a high

of 64°F during the summer months. On the average, water to the hot water

tank was raised 90°F.

Electricity demands to operate the solar system equipment and maintain
hot water on occasion when the solar system could not were minimal.

Daily electrical usage of the solar equipment averaged 0.5 kilowatt hour;
and ranged from a low of 0.2 to 0.8 kilowatt hour. During the summer and
fall months, power to the electric heating element of the hot water tank
was turned off because the solar system could more than adequately supply
hot water. Average daily electrical usage when the electrical back-up
was needed averaged 0.9 kilowatt hour and ranged from 0.3 to 2.5 hours,

indicating that the solar system was supplying the majority of hot water.

Temperature readings of fluids passing through the heat exchanger revealed
that at peak operating times the temperature of domestic hot water was
raised an average of 10+°F, while glycol temperatures were lowered by

14+°F. The temperature ofglycol from the collector during periods the
system was collecting solar energy ranged from 130° to 212°F. After review-
ing all the data, it is estimated that during the evaluation period, 97% to
99% of all hot water was supplied and maintained by the solar system. De-

tailed results of readings taken can be seen in Appendix D, page 18.



COST AND PAYBACK OF SOLAR SYSTEM

The contract cost of the completed solar system with back-up system was
$5,755.00. For the purpose of computing payback, $355.00 for a con-

ventional electric hot water heater was deducted from the total cost.

Yearly cost was based on the present rate of 8¢ per kilowatt hour, in-
creasing 4% yearly, and increased water demands of 3% per year. Initial
yearly cost figure was obtained form documented consumer data for an 80
gallon hot water tank with R-11 insulation jacket. Cost of operating the
solar system was increased with considerations that the back-up electrical
needs would increase with the increase in hot water demands. Maintenance
fees for minor service and glycol changes were incorporated at 5 year in-

tervals.

Another type of payback is the savings of an estimated 58,000 kilowatt-

hours of electricity over a 10 year period.

Projections indicate that the cost of the solar system would be recovered

by the 10th year of service. Payback Estimate Table may be seen in Appendix
E, page 19.

- 10 -



PUBLIC INFORMATION DISPLAY

Signs were placed at the entrance to the building and within the build-
ing informing the public that the solar panels were assisting in supply-

ing hot water for the Welcome Center.

On numerous occasions, the public questioned attendants on how well the
system worked, or asked to see the system. The attendants themselves
seemed impressed with how well the solar hot water system worked, becoming

well informed and promoters of the system.



SUMMARY

A closed-loop domestic hot water solar system was installed in the
newly constructed Waterford Welcome Center. Basic solar components
were four Grumman model #332A solar panels, a Grumman Sunstream CF-
100A heat exchanger and a Solarstream solar hot water heater tank.
The solar hot water system was monitored for hot water demands and

electricity usage over an 18 month period.

Daily usage of hot water for the entire evaluation averaged 21 gallons
per day, or a total of 10,997 gallons. Temperatures of the water out
of the solar system ranged from 120°F to 185°F. On no occassion was
there a hot water shortage, even during the 8 months the power to the
back-up system was turned off. Average daily electrical usage of the
solar equipment was 0.4 kilowatt-hour per day. The back-up electric

heat system required only an average of 0.9 kilowatt-hour per day.

The solar system provided 97% to 99% of all required hot water. At
the present operating performance, it is expected that the solar system

will provide virtually all the hot water need of the facility.

The added $5,400.00 cost of the solar system will be fully recovered
within ten years of service and will have saved approximately 58,000
kilowatt-hours of electrical power. The success of this solar pro-
ject should be the stimulus for development of other solar energy

projects for other rest areas and maintenance facilities.

- 12 -
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APPENDIX C

DESCRIPTION OF SOLAR HEAT EXCHANGER

Control System

Circulators for the water and collector loops are activated whenever enough solar energy is
available to increase the temperature of the water in the solar tank. Circulators are activated by a
differential controller within the module, which is connected to one temperature sensor located
at the collector and one temperature sensor located at the storage tank.

The differential controller is activated by the module front panel selector switch. lts functions
are:

(JON. Circulators are manually activated regardless of whether solar energy |s available.

[] OFF. Circulators are inoperative.

(J AUTO. The controller automatlcally activates the circulators when preset conditions are met.

When the collector sensor is 200F above the temperature of the tank sensor, the system is
activated. When collector and tank sensors are within 39F of one another, the system is turned

off.

System Manitoring

An indicator light on the module front panel is operative when the selector switch is on AUTO.
The Iight when lit, indicates that necessary levels of solar energy are available, and that electrical
current is bemg supphed to both curculators

Systems Precautions

Collector Loop Fluid

O Collector loop fluid is a solution of 50% ethylene glycol and 50% distilled water. System
performance may be adversely affected unless proper proportions are maintained. An average
installation will require four to six gallons of collector loop fluid. The recommended
ethylene glycol solutions are listed on the following page. If these solutions are used, they

need only be changed every FIVE YEARS.
- 15 -



APPENDIX C
(CONT.)

sectiom System Operation

one The CF-100A Module is designed to preheat water entering a conventional domestic water
heater, thus reducing energy requirements.
The counterflow heat exchange module contains:
[3J A highly efficient double-wall exchanger
(J Two low-power circulators
(] A differential controller
[J An expansion tank
O A pressure/temperature gauge
O Necessary switches and valves

Liquid Loops

This Grumman Sunstream system uses two separate liquid loops. The first is the collector
loop, which connects solar collectors to the module and contains an anti-freeze solution.

A separate water loop connects the module to the storage tank, and contains potable
water.

Antifreeze is pumped through solar collectors, where it is heated and returned to the
module heat exchanger by the glycol circulator. Heat from the antifreeze is transferred to
water circulated through the module heat exchanger.

As indicated, the counterflow heat exchanger is constructed of three copper tubes fitted in-
side each other. Water flows in one direction through the center tube, which is rifled to in-
crease heat transfer surface. An antifreeze solution moves in the opposite direction through
parallel passages in the outer tube. Between the two are passages which provide leak detection
and prevent any contamination of the potable water supply.

The module expansion tank keeps collector loop pressure at acceptable levels. A pressure
relief valve backs up the expansion tank, and will operate only in the event of multiple system
failures.

Water heated by the module system replenishes energy removed by domestic hot water
demands. Since most existing systems are thermostatically controlled, conventional energy
sources will be drawn upon when solar-heated water does not meet domestic use/temperature
requirements.

Water In

Check Valve Expansion Tank

Temperature Limiting Comvul

Heat Exchanger Assembly
Water Circutator Assembly

Collector Fivid In Glycol Circutator Assembly

Pressure Refief Valve

Differentiat Controller
Quick Disconnect Fittings (Male)

.

N Collector Fiuid Out
by -
Selector Switch %’% D Water Out
\ .

Pressure/Temperature Gage {glycol loop)

Figure 1. Model CF-100A Components



APPENDIX C

(CONT.)
—Dow SR-1 —Texaco P.T. —Shellzone }
—Dowagard —Peak —Atlas Permaguard

DO NOT use any brand of antifreeze which contains leak inhibitors.

Circulator Pumps ,
Circulators are fluid lubricated. Failure to charge the collector and water loops prior to
operation may result in permanent circulator damage.
The entire system must be leak-tight and free of air to operate efficiently.

Relief Valves
DO NOT isolate the water side of the module from the pressure relief valve located on

the solar storage tank by valving without proving additional relief capability.

DO NOT isolate collectors by valving from the module expansion tank or collector loop
pressure relief valve,

System Safety Features

High Limit Temperature Protection—Thermal overload switches within the module provide
high Iimit temperature protection. The thermal overload component is attached to the module

circulators will} protect these units from going above 275°0F.

Pressure within the collector loopfis fimited to about 50 Psi, By the module expansion tank,
which accepts increased fluid volume under increased temperature conditions. Collector loop
pressure is further controlled by a pressure relief valve which will not permit system pressure to
exceed 75 psi. The relief valve will be activated only in the event of multiple component failures.

When the water main pressure is in excess of 80 psi, a pressure regulating valve should be
installed to make sure that the solar system does not receive more than 80 psi of pressure. To
make sure that the pressure regulating valve operates properly, it is recommended that a strainer
be installed in front of the valve.
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APPENDIX E

PAYBACK ESTIMATE

Years of  Yearly Cost to Total Cost of Cost of Electricity

Total Cost of
Solar System
$5,400.00

Initial Cost

Service Operate an Electricity for Solar System **
\ Electric Hot and Back-Up System
Water Heater*
1 $485.00 $ 485.00 $32.00
2 $509.00 $ 994.00 $35.00
3 $535.00 $1529.00 $39.00
4 $561.00 $2090.00 $43.00
5 $590.00 $2680.00 $47.00 plus
maintenance

cost of $150

6 $619.00 $3299.00 $52.00

7 $650.00 $3949.00 $57.00

8 $682.00 $4631.00 $63.00

9 $717.00 $5348.00 $69.00

10 $752.00 $6100.00 $76.00

11 $790.00 $6890.00 $83.00 plus
maintenance

cost of $200

Payback in Ten Years

$5432.00
$5467.00
$5506.00
$5549.00
$5746.00

$5798.00
$5855.00
$5918.00
$5987.00
$6063.00
$6346.00

*Calculation based on initial rate of 8¢/kWh; 5% increase in hot water usage

and 4% increase in electric rates.

**Calculation based on same rates as used for conventional heater but increased

for solar not being able to supply total increased demand.
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Appendix F

STATE OF VERMONT
AGENCY OF TRANSPORTATION
MATERIALS & RESEARCH DIVISION

WORK PLAN FOR
CATEGORY III EXPERIMENTAL PROJECT

SOLAR ENERGY FOR HIGHWAY USES

(REGION 15 DEMONSTRATION PROJECT NO. 52)
Work Plan 82-R-5

OBJECT OF EXPERIMENT

To design, construct, and monitor the performance of a solar
assisted hot water heating system.

PROJECT AND LOCATION

Interstate 93 Welcome Center at Waterford, Vermont. Project
Waterford - St. Johnsbury IR 93-1(5) (Number tentative as of
2/24/82)

SOLAR APPLICATION

Solar assisted domestic hot water heating.

TYPE OF SYSTEM

Active solar thermal energy system.

CONVENTIONAL ENERGY SYSTEM BEING ASSISTED

Electric hot water.

SYSTEM DESCRIPTION

Type of collector - Solar panels, closed fluid system
Type of storage - Heat exchanger and 120 gallon storage tank.
Backup system - Conventional electric hot water system.

DEMAND POTENTIAL

The solar system is designed to meet 60% of the annual demand load.
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ADDITIONAL CONSERVATION MEASURES

Other conservation measures specified in the facility include
triple glazed windows, entrance vestibules, 12 inch insulation
in ceilings and 5% inches in walls, wood stove, and peak power
controller for off peak power.

PRELIMINARY COST ESTIMATE

Engineering and Design Costs $ 500.00

Total Installed Cost of Solar Energy System with Backup $8000.00

Cost of Monitoring Equipment,Evaluation and Reports $4650.00

Cost of Public Information Display $ 75.00

Total Installed Cost of a Conventional Energy System $ 750.00

Total Amount of FHWA Demonstration Projects Funds $12475.00
Requested

CONTRACT TASKS

A. Prepare preliminary design and Tife cycle cost analysis.

B. Prepare monitoring plan and finalize design. Prepare public
information display.

C. Procure and install solar energy system with monitoring equipment.
D. Operate, maintain, and monitor system.

E. Periodic data reporting and evaluation report.

DURATION OF STUDY

The experimental feature will be evaluated for a minimum of two years
following completion of the installation.

Reviewed by:

R V) el

R. F. Nicholson, P.E.

Vermont Agency of Transportation Materials & Research Engineer
Materials & Research Division ' !
March 3, 1982 | Date: 3/3/ 82
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