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Solar Water Heating Applications 

• Pool and spa heating 

• Domestic water heating 

• Space heating 

• Combination domestic/space 

heating 

• Snow melting systems 

• Industrial processes 

 



Wide Range of Sizes 



Wide Range of Configurations 

 



Solar Heating Mechanism Basics -  

Unglazed Collector 



Unglazed Collector 

 Converts solar radiation to heat energy 

 Operates close to ambient air temperature 

 Maximum temperature 15oC above ambient 

 Typical sizes: 3 to 4 m2 

 



Unglazed Collector 

 



Solar Heating Mechanism Basics - 

Glazed Collector 

 



Flat Plate Collector 

 Converts Solar Radiation to Heat Energy 

 Hot box (greenhouse effect)  

 Car with windows up in summer 

 Temperatures can exceed 175oC in stagnant 

collector (no flow) 

 Used in all climates 

 Typical sizes: 2 to 4 m2 

 

 

 

 



Flat Plate Collector Components 



Evacuated Tube Collector 

 Cylindrical glazing protects absorber 

 Absorber surrounded by vacuum to reduce loss 

 Temperatures can exceed 230oC with no flow 

 Used in cold climates or for high temperatures 

 Typical sizes: 20 to 60 tubes 

 

 



Tubular Flow Configurations 

 Flooded 

 

 

 

 

 Heat pipe 

 

U-tube 



Heat Pipe Operation 

 



Evacuated Tube with Heat Pipe 

 



Condenser Inserted in Header 

 



Evacuated Tube Collector 



Failed Tube  (lost vacuum) 

 



Integral Collector Storage Concept 

• aka: Breadbox, Batch Heater, Tank-in-a-box, ICS 

 

 



Modern ICS 



Thermosiphon Collector 

 Natural convection resulting from buoyancy 

 Integrates storage with collection 

 



Solar Water Heating Systems 
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Circulation Types 

Distinguished by mechanism used to 

circulate water through the system: 

 ACTIVE 

 Uses one or more pumps 

 

 

 PASSIVE 

 Uses natural convection via gravity and 

density 

 

 



System Heating Categories 

 



Thermosiphon System 

• Passive – Direct or Indirect 



Tubular Thermosiphon System 

• Passive Indirect 



Active Direct Systems 



Active Indirect System 



Maintenance Considerations 

 Active 

 Pumps (bearings, seals) 

 Control sensors (sensor/PV failure, wire damage, 

lightning strikes) 

 Valves (air vent, P and P&T, freeze) 

 Fluid - indirect systems (pH, viscosity) 

 Passive 

 Fluid - indirect systems (pH, viscosity) 

 

 



Solar Hot Water History 



Solar Water Heating in the U.S. 

• 1970’s Oil embargo increased interest 
in renewable energy 

• Several states set up testing, 
certification & rating programs to: 

    –  Ensure quality and protect the 

           industry’s reputation 

    –  Provide consumers with a way to  

           compare equipment 

    –  Provide utilities and state programs 

           reliable ratings for incentives and 

           rebates 
 



Standards Development 





Collector Performance 

Efficiency =  

    (collected energy) / (available energy) 

 

       = m x Cp x (To – Ti) / (solar radiation) 

 



Collector Performance Measurements 

Efficiency =  

    (collected energy) / (available energy ) 

 

       = m  Cp  (To – Ti) / (solar radiation) 

 

Measure: 

- Mass flow rate (m) 

- Fluid outlet (To) and inlet (Ti) temperatures 

- Solar radiation 

 



Measurement Accuracy 

Measured 

Parameter 
Sensor Range 

Accuracy* 

(Standard 

Uncertainty) 

Resolution 

Fluid (liquid) 

Temperature 

Thermistor,  

Platinum Resistance 

Thermometer 

0oC to 100oC +/- 0.1 K +/- 0.02 oC 

Differential Fluid 

Temperature 

Thermistor,  

Platinum Resistance 

Thermometer 

0oC to 20oC +/- 0.05 K +/- 0.01 oC 

Liquid Flow Rate 
Turbine,  

Coriolis (Mass Flow)   
0.01 to 0.1 kg/sec +/- 1%  

Solar Radiation 
Pyranometer, 

Pyrheliometer 
0 to 1200 W/m2 Class I per ISO 9060 

(~ 2%) 

Ambient Air 

Temperature 

Thermistor,  

Platinum Resistance 

Thermometer, 

Thermocouple 

-5oC to 45oC +/- 0.5 K +/- 0.1 oC 

Ambient Air Speed 
Anemometer 

(3-cup, ultrasonic) 
0 to 5 m/s +/- 0.25 m/s +/- 0.1 m/s 

* Reference: ISO 9806 



Solar Collector Test Data 
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Collector Efficiency 
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Collector Efficiency 

Efficiency = Absorbed Energy – Lost Energy  

G 

G 

G 



Y Intercept / Slope 

TECHNICAL INFORMATION Tested in accordance with: Standard 100 

ISO Efficiency Equation [NOTE: Based on gross area and (P)=Ti-Ta] 

SI UNITS: η= 0.691 - 3.39600(P/G) - 0.01968(P²/G) Y Intercept: 0.706 Slope: -4.910 W/m².°C 

IP UNITS: η= 0.691 - 0.59852(P/G) - 0.00193(P²/G) Y Intercept: 0.706 Slope: -0.865 Btu/hr.ft².°F 

 



Collector Efficiency Comparison 

G 



Generalized Collector Performance 

Collector Output =  

    o,b Kb(L,T)Gb  +  o,bKd Gb  – 
 (gain from direct beam radiation)    (gain from diffuse radiation) 

 

    c1(Ti – Ta) – c2(Ti – Ta)2 –  (loss to ambient temperature) 

    c3 u(Ti – Ta) - c6uG –          (loss due to wind) 

    c4(EL - Ta
4) – c5(dTi/dt)      (collector capacitance) 

     (radiation loss to sky) 



Why Certification? 

• Assures Quality 

– Independent third party evaluation of design 

– Ensures minimum standards are met 

– Participants benefit from reputable credentials 

– Comparable data on certified products in 

consistent formats 

– Regulatory Bodies/Code Inspectors can verify 

products meet minimum requirements 

 



Quality ? 



Certification Body (SRCC) 

• Non-profit certification body, established in 1980, certifying solar 

thermal systems and components 

• Develops consensus standards referenced in incentive programs 

and building codes 

• Awards certifications that provide authoritative, standardized 

performance ratings for collectors and systems 

• Expert recommendations and advice to government programs and 

other incentive entities by staff of internationally recognized experts 

• Guidance and protection for consumers and various stakeholders 

 

 



SRCC Certification Programs 

• OG-100 – Solar Collectors 

 

• OG-300 – Solar Water Heating Systems 

 
• OG-400 – Swimming Pool Heating Systems (in development) 

 

 



Approved Test Laboratories 

Test Laboratories (16) 

– U.S.  (2) 

– Canada(1) 

– Europe (9) 

• Germany, Austria, Spain, Switzerland, Sweden 

– Australia (2) 

– China (2) 

 

 



SRCC Certification Marks 



Certification and Rating Process 

• Standards define certification requirements 
– Collector: 

• Qualification Tests 
– Pressure, exposure, shock, impact tests from ISO 9806 

• Collector efficiency Test 
– Measure collected energy using procedures from ISO 9806 

• Standardized collector tests conducted by an approved laboratory 

– System: 
• Components requirements set for storage vessels, controls, heat exchangers, 

collectors, pumps, and balance of system (piping, insulation, wiring, etc.) 

• Stringent review of system design ensuring standards are met 

• Rating conditions 

– Establish consistent operating conditions for all certified products 

 



Collector Certification 

• OG-100 Collector Certification 

– SRCC Standard 100 - “Test Methods and Minimum Standards” 

for Glazed and Unglazed Flat Plate and Tubular Collectors 

– Standard 600 for concentrating collectors  

– TM-1 for ICS and non-separable thermosiphon collectors 

– Standardized tests conducted by an SRCC-approved lab  



Certificate 



Why Ratings? 

• Product Comparison and Improvement 

– Performance is estimated 

• Standard rating conditions 

– Products can be compared 

– Participants strive to improve their products 

– Regulatory Bodies can calculate incentives 

– Buyers can make informed decisions 

 



SRCC Collector Rating 

• Based on: 

– 3 climates: High, Medium, Low Radiation 

– 5 operating temperatures (Ti – Ta): 

•   - 5 = pool heating where pool is colder than air 

•     5 = pool heating where pool is warmer than air 

•   20 = domestic water heating (warm climate) 

•   50 = domestic water heating (cool climate) 

•   80 = air conditioning, process heating 

 





System Certification 

• SRCC Standard 300 for Residential and 
Commercial Systems 

– Design Review 
• Functional evaluation 

• OG-300 requirements: 
– Component design 

– Reliability and Durability 

– Safety 

– Installation 

– Installation and Operation Manual(s) 

 

 



System Ratings 

• TRNSYS computer model 

• One-day profile 

– Weather and load like DOE water heater test 

– Solar Energy Factor (SEF) 

– Solar Fraction (SF) 

• Annual profile 

– Annual weather with daily load profile 

– SEF, SF, and energy savings 

– 100+ Cities 

 

 





Specific Locations 



Building Codes 

 



Global Solar Certification Network 



Global Solar Certification Concept 

 





Credentials Matter 



Contact Information 

• Web:  www.solar-rating.org 

 

• E-mail:   srcc@solar-rating.org 

                jhuggins@solar-rating.org  

 

• Office:   +1 321 213 6037 
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