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Why Bother?

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

Marc Rosenbaum, PEEnergysmith§ West Tisbury, MA



-

September 22-23

Autumnal Equinox

Deceber 21-22 J

Winter Solstice Summer Solstice

March 20-21

Vernal Equinox
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Sun Paths

summer sun path
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Solar Spectrum

Solar Radiation Spectrum

At the distance we are from the Sun total
solar irradiance is approximately 1360 W/m?

53% Infrared —>

Energy absorbed by water vapour and
atmospheric gases at absorption bands

At sea level solar irradiance is roughly 1000 W/m?
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Glazing and Coatings

LoE® SOLAR TRANSMISSION COMPARISON

(3 mm LoE / 13.0 mm airspace / 3 mm Clear]

00% .,.U‘v'.__ Visible Light Near Infrared
CtearGlass SHGCI i ..
LoE-ig9® Solar Heat Gain Coefficie

w—| 0E-180° VLT T

o IR Visible Light Transmissior

<«——oF2-270°

<«—+ L oF?-366°® SHGC VLT
DR Db| Clear 0.763 0.814
Clear180 0.674 0.788
272-Clear 0.413 0.716
366-Clear 0.272 0.645

Light Transmission

Wavelength (nm]
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Calculating Solar Radiation (Insolation

A Clear Day vs. Average Day

A Most modeling software uses average day solar
data, in order to calculate average annual solar
performance (space conditioning, water heating,
electricity, daylighting)

A Clear day data is useful to calculate design
cooling loads

A Clear day data is also used to calculate amounts ¢
energy storage, both thermal and electrical, and tc
size blowers and pumps for transporting solar
energy
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Fanforced Solar Greenhouse

Active storage; passive release
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A A blower moves air carrying excess solar heat from the
greenhouse to water storage in the Thermomass basement be
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Fanforced Solar Greenhouse

A Peakhourlycle

A Peakhourly clear day insolation sizes the heat transfer from
the air to the water containers

A Daily clear day insolation sizes the heat storage (300 five
gallon water containers)
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I\/Iodeling the Manifold Air Jets

Q. CFM_ ‘

AF, inches -nf water
. . 0.0208 AF, Pascals
07 Voivmin| 1245
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Solar Radiation Calculators Online

PVWatts® Calculator iiNREL
: S [ English ; l {
Get Started: o P ’ FEEDBACK I

NREL's PVWatts™ Calculator

Estimates the energy production of grid-connected photovoltaic (PV) energy systems throughout
e world. It allows homeowners, small building owners, installers and manufacturers to easily
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PVWatts is free online software designed to model
solar electric system performance
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https://pvwatts.nrel.gov/

My Location

A

Solar Radiation Calculators Online

02575, USA

» Change Location

SYSTEM INFO

Modify the inputs below to run the simulation.

DC System Size (kW):

Module Type:

Array Type:

System Losses (%):

Tilt (deg):

Azimuth (deg):

4.76

Premium

Fixed (roof mount)

20

30

My PV System

English
: 02575, USA
ESpaﬁnl My Location » Change Location
YkpaiHcsHa

4

SYSTEM INFO

4
RESULTS

=
Month

January
February
March
April
May
June

July

6 B ﬁulator
i
o

August
September
October
November

December

Annual

Solar Radiation

English

Epaol  HELP | FEEDBACK

Yxpaicora
-

RESULTS

6,430

AC Energy
(kWh)
400
479
593
604
645
619
625
642
588
505
381

348
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Solar Radiation Calculators Online

Pvwatts is made to model solar electric systems, but car
used to model radiation on vertical surfaces

English English
02575, USA Espafol MyLlocation  72°7% USA Bwid  HEIP  FEEDBACK

» Change Location Ykpainceka

My Location

YrpaiHcoHa

b 4
RESULTS

A 4

SYSTEM INFO
RESULTS

Month

SYSTEM INFO

Modify the inputs below to run the simulation.
DC System Size (kW): 1 January

Module Type: Premium March

May
June

Array Type: Fixed (roof mount)

System Losses (%): 20

Tilt (deg): 90

Azimuth (deg): 169

Change Tilt to 90 Degrees
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Solar Radiation Calculators Online

Design Tools

Sustainable By Design provides a suite of share

SunAngle
the premiere tool for solar angle calculations

SunPosition
calculates a time series of basic solar angle data

Overhang Anal
visualization of the shade provided by a window overhang at a given
time, plus a chart depicting annual performance

Overhang Recommendations
suggested climate-specific dimensions for equator-facing windo
overhangs

Light Penetration
visualization of the penetration of sunlight into a reom

Louver Shading
visualization of louvered shading system performance for an entire year

Vertical Fin Shadi
visualization of a vertical fin shading system performance for an entire
year

Window Heat Gai
calculation of monthly heat gain through windows

Panel Shading
visualization of the shading of rows of flat panel collectors throughout the

year

USA Climate Data
monthly climate data for about 250 U.S. cities

We are sunlight, m
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https://www.susdesign.com/tools.php

Solar Radiation Calculators Online

ttps://www.susdesign.com/tools.php
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Effects of Tilt and Azimuth

Average Monthly kWh/ m2/ day by

6

January February March April May June July August September October November December
South emmFEast North — e==\\est 45¢e South
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Matching the Load to Tilt/Azimuth

A Is the load seasonal or annual?

A Heating and pool heating are seasonal

A Electricity and domestic water heating are annual
A 1s occupancy seasonal?

A Schools (and solar hot water seasonality)
A Is the system output exportable?

A Only electricity is exportable (on a per building bas
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Effects of Location

Solar Radiation on a vertical surface facing
South, kWh/m2/day
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Matching the Aperture to Load

Distinguish between average and peak insolation
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Matching the Aperture to Load

A January net heating load is 5,000,000 BTU

A Daily averageJanuary insolation = 953 BTU/sf

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

A Glazing area to offset January heating loadz

A Daily cleardayJanuary insolation = 1,733 BTU/sf

A Average January daytime heating load is 44,000 BT!

A Clear day solar gain is 293,000 BTU, so the net ene
that needs to be stored is 249,000 BTthis is a lot!
Interior temperature would rise ~34Rilizabllity

A Actual glazing area of IS still somewhat over
sizeddJ - old guideline of 8% south glass / floor area

too high for very low load buildings
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Window Overhangs

S0UTH OVERHANG SHADING
JUNE 21

P

OCT 18,
< MAR 1

3 DEC 21
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Overhang Objectives

Heatingseasond on 0t Dbl ock direct
Cooling season block direct sun

Thetrickypartt he s unos StgndAugustRP r |
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
suni these are known as porches (not Porsches)

Marc Rosenbaum, PEEnergysmith§ West Tisbury, MA



Overhang Terminology

D - Overhang Depth
X - Separation Distance
H - Window Height

These dimensions can be in
any unit of length, as long as
they are the same - try furlongs
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susdesign.com Overhang Analysis

Overhang Analysis

This tool provides visual feedback about the performance of a horizontal window
overhang. Please read the m before using this tool.

NOTE: This is a new overhang analysis tool, providing visual feedback of the overhang shade at the
selected date & time, as well as an annual performance chart. This tool may not work in certain old
browsers, so in that case you may wish to try a different browser, or use the old version.
Feedback is welcome on this new tool, and improvements continue to be made. [hide tip]
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https://www.susdesign.com/overhang/index.php

susdesign.com Overhang Analysis
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Solar Pool Heating

A Pool collectors are typically unglazed low
temperature plastic absorbers

A In the Northeast, collector aperture is B0% of
the pool surface

A The most important conservation measure is a
pPool cover to suppress evaporation

A My opinionis that solar electric panels combined
with a heat pump pool heater (HPPH) is a better
Investment because:
A Excess energy can be exported
A HPPHs use much less energy than propane

pool heaters
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Solar Pool Heating

Million BTU/month to heat a pool in Boston

Initial heating is 6.5 Million BTU

June August September

® No Pool Cover Pool Cover on 12 hours/day
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Daylighting
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.
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MIT Chapel Eero Saarinen 1954

Marc Rosenbaum, PEEnergysmith§ West Tisbury, MA



