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Today's Learning Objectives

To understand:

. How local microclimate is measured.
. The amount of solar radiation worldwide.
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Measuring Climate J

I'Iil'S_D LA B



Climate Data

Dry Bulb Temperature [°C]

Relative Humidity [%]

Direct Solar Radiation [W/m?]

Diffuse Horizontal Solar Radiation [W/m?]

Wind speed [km/h]
Wind direction [Degree]

Cloud Cover [%]

Rainfall [mm]
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Weather
Station

Wind Speed

(cup anemometer)

MIT
Building 1

Wind Direction (vane)

Solar Radiation
Data Logger

Temperature & Relative Humidity

Hardware Costs ~$2000 (2008)

Bracket $25; Light Sensor Level $30) —

e
(Weather Station Starter Kit $1214; Tripod Kit $245; Hobo Software $39: 2 PC cables $18; Solar Radiation Sensor $139; Light Sensor ! S DLAB



MIT Building | Weather Station
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https://hobolink.com/p/7fada68f0ced39868cc265d13a801db2

Climate Files

A Typical Meteorological Year (TMY) is defined as a set of real measured hourly values for dry temperature, for
global, diffuse, and direct normal solar radiation, and for wind velocity. The data are in true sequence within
each month. The most important input variables are:

Dry Bulb Temperature [°C]

Relative Humidity [%]

Direct & Diffuse Solar Radiation [W/m?]
Wind Speed & Direction [km/h]

Note: & Many simulations find TMY not stringent enough to meaningfully test the
performance of a building under extreme weather conditions such as heat waves.
O There is a new set of weather data for the US every 12 years. We are currently at

TMYS.

, O Weather data will change due to climate change.
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TMY, TMYZ, TMY3....

™Y  TMY2 TMY3
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EnergyPlus Weather Data
‘@F EnergyPius
Weather Data

Weather data for more than 2100 locations are now available in EnergyPlus weather format — 1042 locations in the USA, 71 locations in Canada. and more than 1000 locations in
100 other countries throughout the world. The weather data are arranged by World Meteorological Organization region and Country.

View Weather Data Search Weather Data

Select a region below to view weather data
Africa (WMO Region 1) Keyword Search

Asia (WMO Region 2)

N .
South America (WMO Region 3) -

North and Central America (WMO Region 4)
Southwest Pacific (WMO Region 5)

Europe (WMO Region 6)

Browse Weather Data

Click on the markers in the map below to access weather data

@ Mapbox @ OpenStreetiap Improve the underlying map

©
®© o -

(-]
®@®®

@ aited SL@
00 ©

master.geojson GitHub

EEIEIQIE 'EnergyPIus weather data.’ EI Energy Plus. Al .rights rgsarved. This content is excluded fram our Creative Commaons
license. For more information, see .

Import into Climate Consultant.



https://ocw.mit.edu/help/faq-fair-use/

Solar Radiation J
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1"

Dur Sun

Public domain photo courtesy of NASA.

[a0 million km away; diameter of 1.4 million km; surface temperature of 2800 K
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Direct Sunlight

Solar Disk: 0.5 DEQFEE I]pening Angle ([||][||% of hemispher‘e) Public domain image courtesy of Diamond[Jesign on Flickr.

12 Circumsolar Region: a Degree i SDLAB


https://www.flickr.com/photos/diamondtdesign/39962102384

Black Body Spectra
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Blue Sky 15,000 K
Sunlight 5,800K

Incandescent Lightbulb 2,900K




Solar Spectrum

Visible Mear Infrared

Absorption Bands
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Sunlight at Top of the Atmosphere 5250°C Blackbody Spectrum

Radiation at Sea Level




Four Wavelength Bands
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Solar Radiation in the Atmosphere

Solar Constant 1367 W/m?

Global Horizontal Radiation for Different Latitudes
EARTH'S ENERGY BUDGET

Reflected by Reflected Reflected from
atm osphere by clouds earth's surface
6% 20% 4%

Incoming Radiated to space
solar energy from clcl)]uds and
100% atmosphere —

fﬂ/] ﬂ}[/4f/770.5’ﬂ/75’/"5’ Public domain images courtesy of NASA.

Absorbed by
atmosphere 16% ~-Radiated

directly
to space
from earth
Absorbed by
clouds 3% ‘— Radiation
absorbed by
atmosphere

Conducti d
onduction an 15%

rising air 7% —

Absorbed by land
and oceans 51%
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Annual Solar Radiation

< 900 kWhm-2 1200 - 1500 kWhm-2 1800 - 2100 kWhm-2
900 - 1200 kWhm-2 1500 - 1800 kWhm-2 B >2100 kWhm-2
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Annual Solar Radiation by Latitude
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Solar Radiation throughout the US

MWodel estimates of monthly average daily total radiation using inputs
derived from satellite andfor surface observations of cloud cover,
aerosol optical depth, precipitable water vapor, albedo, atmospheric
pressure and ozone resampled to a 40km resolution. See
http:#wnene nrel gov/gisdl_csp html documentation for more details.

kWhi/m2/day
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Produced by the Electric & Hydrogen
Technologies & Systems Center - May 2004

Public domain image courtesy of NREL.




Direct Sunlight and Diffuse Daylight

A considerable part of the sunlight that enters the Earth's atmosphere is scattered/reflected off
clouds, aerosols, air molecules, and water vapor before it hits the Earth's surface. This part is respaonsible
5  Tor the blue sky and is called diffuse daylight.




Ratio of Direct to Total Solar Radiation
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O 50-70% of all solar radiation is direct.

O l.e. you always should know where the sun is.



Radiation for Different Sky Types

|00-400 W/m? EO0-1000 W/m?

Overcast Sky Partly Cloudy Sky Clear Sky
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Sky Conditions
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Distribution of Radiation

Annual Solar Radation in Boston
North

\ tilt= site latitude

1700kWh/m? azimuth = within +25° due South
1275kWh/m?

850kWh/m?

425kWh/m?

OkWh/m®

Design Principle: Rule of Thumb for Solar Radiation

The maximum annual solar radiation generally falls onto a surface with a tilt angle that corresponds to
the site’s latitude and that is facing within £25°due South.




LLIMAPLLS

Annual Solar Radiation for Houston

CAlar radiatinn

Maximum solar
Radiation [kWh/m2]

2100kWh/m2

0kWh/m2

Source: Tool under development by Alpha Arsano
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Daily Radiation on Surfaces

Phoenix
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Southward orientation is less beneficial in Seattle than in Arizana.
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Daily Radiation for Boston
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Percentage of Dutside Daylit Hours
During Dccupancy
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Percentage of Inside Daylit Hours
During Dccupancy
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O For latitudes below 500 there is also the potential to daylight interior spaces for 80% of core commercial hours. With 33% of the
world's population living at latitudes below a®, daylighting can be considered to be a global solution for lighting buildings.

20 [Ty S_D )



Climate Data - Solar Radiation

30

Dry Bulb Temperature [°C]

Relative Humidity [%]

Direct Solar Radiation [W/m?]

Diffuse Horizontal Solar Radiation [W/m?]
Cloud Cover [%]

Wind speed [km/h]

Wind direction [Degree]

Rainfall [mm]
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31

Measuring Global Solar Radiation

Image of pyranometers and photometers removed due to copyright restrictions.
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Measuring Diffuse Solar Radiation

Shadow band pyranometer
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Measuring Direct Solar Radiation

Image of radiometers installed on an automatic
solar tracker removed due to copyright restrictions.

Tracking Pyranometer on the roof of the Fraunhofer ISE

(Photo courtesy of Amaia Puras. Used with permission.)
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Where is the sun? J
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P Analemma over MIT




Earth's Orbit around the Sun

March equinox
4 Earth’s axis of rotation

Winter solstice
(Northern hemisphere)

Summer solstice
(Northern hemisphere)

September equinox

Q Elliptical path; declination = 23.440°
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Local Solar Coordinate System

Sun




What time is it?

In our daily life we commanly refer to our location's standard |ocal time.

(1 Standard times are synchronized with the times of all other locations within the same time zone.

[ Greenwich Mean Time (GMT) is the local time at Greenwich, England.

[ In Boston we are five time zones west of Greenwich (GMT-a).

(ATime zones divide the earth into 24 strips that are each about [a° wide even though time zones also
follow political and geographic boundaries.
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Why a standard time?

(3 The introduction of a standard time facilitates long distance travel and communication.

[ A disadvantage of using standard time is that our experience of time is not directly linked to
the position of the sun any more.

(1 Before the introduction of standard time in the US in 1883, different versions of solar time
were used instead.

[ In true solar time it is noon exactly when the sun is located to the south (azimuth angle equals
ZEr0).

A Salar time Boston is about 1| minutes ahead of solar time New York since bath cities have
different longitudes.
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Equation of Time

A second difference between standard time and solar time is caused by the elliptical
movements between sun and earth. This time difference is called the ‘equation of time'.
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From Local to Solar Time

Solar lime = Standard [ocal Time
+ 4x(longitude,,,. . .- Longitude ...
+ gguation of time

Standard Local Time N Equation of Time

Example

Standard lime = Feb 29 2017 at 1004 AM in Boston
4x (Longitude.,,, ...~ Longitude ,....) = 4 x (77 W - 7L02W )= 15.5 min
equation of time (Feb 28) = -I2.5 min

w  Solar lime = 10 h 4 min -I2.54+13.57 min = 10 h 7.4 min = 1017533 Hir SDLAB



Sun Paosition

cos(d)sin(ST/24)

Azimuth —cos(Lat)sin(d) - sin(Lat)cos(d)cos(ST/24)

Equ6-3

Altitude = sin”' ( sin(Lat)sin(d) — cos(Lat)cos(d)cos(ST/24) ) Equ 6-4

where d = declination=23.45° ST = solar time in decimal hours; Lat = site's
latitude in degrees.




Sun Path Diagram -

Excel Spreadsheet: >> Climate File Analyzer
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Q So/ar altitude range at noon = 80F - latitude £75.45°
Q Fxample Lambridge (42.4°N): GlF - 4747 #75.45° 74° to 7lF



http://mit.edu/sustainabledesignlab/teaching_resources.html

Sun Chart Examples in DIVA 4

44

Q Local time vs. solar time (Baston, New York Lity)
 Move from equator to pole
Q Southern vs. Northern hemisphere
Q Solar altitude range at noon = S0P - latitude #7547
Q Lxample Lambridge (424 N): 5F - 474 £254F

24 to /[P
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From the Equator to the Pole
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From the Equator to the Pole

Boston (42°N 71°W)
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From the Equator to the Pole

Artic Circle
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Shading Masks

Autodesk Ecotect Shading Study

O A shading mask combines a sun path diagram with neighbaoring objects such as buildings and landscape that
lie between a reference point and the celestial hemisphere.
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Sun Chart with Shading Mask
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Autodesk Ecotect Shading Study

49
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Weekly reading and tutorials

Chapter 3: The Source
Chapter b: Where is the Sun?

DIVA GH 02: Sun path diagrams

50 [Ty S_D )



Buestions?
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MIT OpenCourseWare
https://ocw.mit.edu/
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