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Why Bother?
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Make better buildings, for people and the planet

 - Use to provide space heating

 - Avoid cooling load

 - Heat domestic water

 - Heat outdoor pools

 - Make electricity

 - Light buildings



The Earthôs Axis is Tilted
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Sun Paths
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Solar Spectrum
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Glazing and Coatings
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          SHGC     VLT

Dbl Clear 0.763    0.814

Clear-180 0.674    0.788

272-Clear 0.413    0.716

366-Clear 0.272    0.645

SHGC ï 

Solar Heat Gain Coefficient

VLT ï

Visible Light Transmission



Calculating Solar Radiation (Insolation)
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Å Clear Day vs. Average Day

Å Most modeling software uses average day solar 

data, in order to calculate average annual solar 

performance (space conditioning, water heating, 

electricity, daylighting)

Å Clear day data is useful to calculate design 

cooling loads

Å Clear day data is also used to calculate amounts of 

energy storage, both thermal and electrical, and to 

size blowers and pumps for transporting solar 

energy



Fan-forced Solar Greenhouse
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Active storage; passive release

ÅA blower moves air carrying excess solar heat from the 

greenhouse to water storage in the Thermomass basement below



Fan-forced Solar Greenhouse
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ÅPeak hourly clear day insolation sizes the blower

ÅPeak hourly clear day insolation sizes the heat transfer from 

the air to the water containers 

ÅDaily clear day insolation sizes the heat storage (300 five 

gallon water containers)



Modeling the Manifold Air Jets
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Solar Radiation Calculators Online
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https://pvwatts.nrel.gov/

PVWatts is free online software designed to model 

solar electric system performance

https://pvwatts.nrel.gov/


Solar Radiation Calculators Online
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My PV System
Average Day Insolation



Solar Radiation Calculators Online
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Change Tilt to 90 Degrees

Pvwatts is made to model solar electric systems, but can be 

used to model radiation on vertical surfaces



Solar Radiation Calculators Online
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https://www.susdesign.com/tools.php

https://www.susdesign.com/tools.php


Solar Radiation Calculators Online
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https://www.susdesign.com/tools.php



Effects of Tilt and Azimuth
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Matching the Load to Tilt/Azimuth
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Å Is the load seasonal or annual?

Å Heating and pool heating are seasonal

Å Electricity and domestic water heating are annual

Å Is occupancy seasonal?

Å Schools (and solar hot water seasonality)

Å Is the system output exportable?

Å Only electricity is exportable (on a per building basis)



Effects of Location

Marc Rosenbaum, PE ï Energysmiths ï West Tisbury, MA

0

1

2

3

4

5

6

Solar Radiation on a vertical surface facing 

South, kWh/m2/day

Barstow Boston Seattle Urbana Austin



Matching the Aperture to Load
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Distinguish between average and peak insolation

110 sf net glazing, 11ę east of south



Matching the Aperture to Load
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Å January net heating load is 5,000,000 BTU

Å Daily average January insolation = 953 BTU/sf

Å Glazing SHGC = 0.60 (triple, 2 lites Cardinal 180)

Å Glazing area to offset January heating load = 282 sf

Å Daily clear day January insolation = 1,733 BTU/sf

Å Average January daytime heating load is 44,000 BTU

Å Clear day solar gain is 293,000 BTU, so the net energy 

that needs to be stored is 249,000 BTU ï this is a lot! 

Interior temperature would rise ~34F. Utilizability

Å Actual glazing area of 110 sf is still somewhat over-

sized J - old guideline of 8% south glass / floor area is 

too high for very low load buildings



Window Overhangs
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Overhang Objectives

Heating season ï donôt block direct sun

Cooling season ï block direct sun

The tricky part - the sunôs path April 21st and August 21st 

is the same, but the heating/cooling load is not.

As the azimuth diverges from true south, overhangs 

becomes less effective. Overhangs on the east and west 

must be quite deep to shade the windows from low angle 

sun ï these are known as porches (not Porsches)
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Overhang Terminology
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susdesign.com Overhang Analysis
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https://www.susdesign.com/overhang/index.php

https://www.susdesign.com/overhang/index.php


susdesign.com Overhang Analysis
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Solar Pool Heating
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Å Pool collectors are typically unglazed low 

temperature plastic absorbers

Å In the Northeast, collector aperture is 50-100% of 

the pool surface

Å The most important conservation measure is a 

pool cover to suppress evaporation

Å My opinion is that solar electric panels combined 

with a heat pump pool heater (HPPH) is a better 

investment because:

Å Excess energy can be exported

Å HPPHs use much less energy than propane 

pool heaters



Solar Pool Heating
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Initial heating is 6.5 Million BTU



Daylighting
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Initial heating is 6.5 Million BTU

Daylighting is the controlled admission of natural 

light from the sun and the sky to provide building 

occupants with the lighting needed to perform desired 

tasks. 

Daylighting may save energy

Daylighting has multiple beneficial effects on human 

health

Masterfully done, daylighting can inspire and uplift.



MIT Chapel  Eero Saarinen 1954
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Initial heating is 6.5 Million BTU


