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CLIMATE
a physical, socio-cultural, and technological determinant

4




The influence of the site: GEOGRAPHICAL POSITION

Insolation is the sun’s energy on a surface

Sun’s energy depends on angle, sky conditions, volume and surfaces around.

Weather files give the total amount of direct energy along a year measured perpendicularly to
the sun direction

And diffuse energy measured getting all the energy and subtracting the direct energy capted,
World Solar Energy Map .
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1- Find your climate zone
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CLIMATE ZONE
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Representative City
Miami, Florida

Houston, Texas
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World Map of Képpen-Geiger Climate Classification

observed using CRU TS 2.1 GPCC Full

period 1901 to 1925
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2- Tune-Up your climate zone considering the climate evolution and site

Main climates Precipitation Temperature
projected using IPCC ATFI Tyndall SC 2.03 temperature and precipitation scenarios, period 2076 to 2100 A: equatorial Wi desert F: polar frost
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Climate zones and their priorities for heating/cooling
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4. Confirm the main energy behaviour with conceptual energy analysis

COOLING VS HEATING: A GENERAL ESTIMATION TEMPERATURE METHOD
Avg. High Temperature

30°C 86°F | R B S S —

ZOOC 68°F ————;—___; e e et

10°C 5Q°F

0°C 32°F

Temperature JAN FEB MAR AER MEY J'N JllAUG SEP OCT NOV DEC

7.3 Temperature Method.
Annual temperature profile, with
estimated heating and cooling
seasons highlighted.

Source: Ecotect outputs of annual

weather data from Central Park in
New York City.






BTU vs KW

Ft2 > m2

1 Btu=0,293071 W/h

1 ft2=0,092903 m2



cLiIMATE DATA  We collect data near airports and other stations

Wheather data includes:

 Annual weather files (8760 hours of the year) used to compute Energy Use Intensity (EUI)

« TMY (Typical metereological year) that is encapsulated in the .epw files mantained by
Energy Efficiency and Renewable Energy (EERE)

» Peak condition files used to dimension mechanical

Wheather data also includes:
» geographical coordinates



Environmental parameters affecting thermal comfort: SOLAR ENERGY

Site Inventory: Physical Attributes 121

Figure 5-15 Schematic
diagram of the seasonal
variation in shade cast by a
building in the northern
hemisphere. Solar exposure in
outdoor spaces near a building
varies not only with weather
conditions but also with time of
day, day of year, and location of
the space in relation to both the
building and the sun.

Altitude is the vertical angle the sun makes with the ground plane (0° < alt < 90°)

North South

SOLAR ENERGY

120  Site Analysis

Figure 5-14 Diagram of Summer Solstice
seasonal changes in the

maximum daily sun angle for a

mid-latitude location in the

Northern Hemisphere. Eciiil
uwn fo(,ui Source: Marsh, Landscape quinoxes
A Planning, Third Ed., copyright

© 1998, p. 290, Figure 15.3.
Reprinted by permission of John

Winter Solstice

Horizon

ZA=Zenith Angle




Spectral Irradiance (W/m2/nm)

Environmental parameters affecting thermal comfort: SOLAR ENERGY
Solar radiation™ at the top of the atmosphere.

H alpha

004 f ; /
0.03 - / Call triplet /
E H heta /
/ I

001 g/ Mg-
E / doublet
[ S R " /R ST SR Ly ol oy
0 10000 20000 Hedta 30000
Wavenumber (cm-1) Fe-l call doublet

Solar Irradiance (W*m-2*cm)
o
o
[}
T

Ca-lltriplet 11545, 11707, 11767
Halpha: 15237
Mg | doublet:

19292, 19332
H beta: 20571
Fe-l: 22812
H gamma: 23039
Hdelta 24380

Balmer Series,h =2345...
27427(1--4i"2)

= 27430 *(5/9, 3/, 21/25, 8/9)

= 15237,20570,23039,24380

Fe-l: 24723
Ca-ll doublet: 25202, 25426
Solar radiation spectrum
2.5—
UV , Visible Infrared >
24 | y Sunlight at Top of the Atmosphere
1.51 / \ 5250 C Blackbody Spectrum
|} /
»
14
Radiation at Sea Level
0.54 H,0
Absorption Bands
H20 ¢o
0y 2 )

*) Radiation occurs when an object emits electro
magnetic energy.

Irradiation is the energy absorbed by an object/surface

1366 W/m? (solar costant)
1W =3,416 Btu.
Considering the earth surface,

the total solar energy is= 174 PW
Peta= million of billions

Ricordiamo che: 1 Kcal =4.186 J = 1,16 x 10-3 kWh = 1x10-7 TEP

ljoule=1 Nm=0.000278Wh=0,0009478 Btu

0-
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)




EARTH'S ENERGY BUDGET

. Reflected by Reflected Reflected from

100%=1.366 W/m?2
-costante solare-

Incoming
solar energy from clct)]uds and
100% atmosphere

26%= 356 W/m?2 _’@.Qsﬁeza_‘

atm ospI ouds

Absorbed by
atmosphere 16%

74% =1010 W/m2 -

1.000 W/m?2

conduction and @

earth's surface
49 64% 6%

Radiated to space

Radiated
directly

to space
from earth

Radiation
absorbed by
atmosphere
15%

- sing air .

and

Radiazione assorbita

Detratte tutte le perdite per riflessione e retrodiffusione da parte di atmosfera e superficie terrestre, I'energia
incidente che rimane ¢ assorbita dalla superficie terrestre e contribuisce cosi al suo riscaldamento, in
maniera variabile a seconda della latitudine e del tipo di superficie




I5(t),W/m?

VARIATION OF SOLAR RADIATION DUE TO ANNUAL PERIOD AND LATITUDE

EQUINOX
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The influence of the site: GEOGRAPHICAL POSITION

\( Perpendicular 60° Angle
10’ t

15’
4 rays over 10'=40 Btu/ft? 4 rays over 15’ = 27 Btu/ft?
Direct Normal Irradiation Global Horizontal Irradiation

Effect of angle on the area that
Intercepts an incoming beam
of radiation.

Intensity = SIN (a)

http://andrewmarsh.com/software/sunpath-on-map-web/



Distance of travel
through the atmosphere
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116.5°/63.5°

140°/40°

163.5°/16.5°

Equinox
N June Solstice S
December Solstice

Note: first measurement represents the angle from the
northern side of the horizon, while the second measurement
is from true south.

solar noon for 50 degrees North

during the June solstice, equinox,

and December solstice.

°/90)°

66.5°/113.5° 113.5°/66.5°

Equinox
N June Solstice S
December Solstice

Note: first measurement represents the angle from the
northern side of the horizon, while the second measurement
is from true south.

0

Solstice

Equinox

Relationship of maximum Sun height to latitude for the equinox (left) and June solstice
(right). The red values on the right of the globes are maximum solar altitudes at solar noon.
Black numbers on the left indicate the location of the Equator, Tropic of Cancer (23.5
degrees N), Tropic of Capricorn (23.5 degrees S), Arctic Circle (66.5 degrees N), and the
Antarctic Circle (66.5 degrees S). The location of the North and South Poles are also
identified. During the equinox, the equator is the location on the Earth with a Sun angle of
90 degrees for solar noon. Note how maximum Sun height declines with latitude as you
move away from the Equator. For each degree of latitude traveled maximum Sun height
decreases by the same amount. At equinox, you can also calculate the noon angle by
subtracting the location's latitude from 90. During the summer solstice, the Sun is now
directly overhead at the Tropic of Cancer. All locations above this location have maximum
Sun heights that are 23.5 degrees higher from the equinox situation. Places above the
Arctic Circle are in 24 hours of daylight. Below the Tropic of Cancer the noon angle of the
Sun drops one degree in height for each degree of latitude traveled. At the Antarctic Circle,
maximum Sun height becomes 0 degrees and locations south of this point on the Earth are
in 24 hours of darkness.

Variations in solar altitude at solar
noon for the equator during the
June solstice, equinox, and
December solstice
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Date: 21 Jun 2017
Time: 12:00

SOLAR INFORMATION

Azl / Alt: 46.36° / 89.37°
Rise /Set: 05:16/18:48
Daylight: 13:33 Hrs

TWILIGHT TIMES

Civil: 04:50/ 19:14
Nautical: 04:20/ 19:44
Astronom.: 03:49/20:15

SN EwEunmA T
Azl / Alt: -175.17°/ 67.36°
Rise /Set: 05:48/17:57
Daylight: 12:09 Hrs

TWILIGHT TIMES T R G |= I C D F

Civil: 05:26

) 4
| s
Nautical: ﬂg E =] \ /
Astronom: o4:3%4ei2 . : —
/

SITE LOCATION
Latitude:  23.00°
Longitude: 0.00
Timezone: +00:00

DATE AND TIME
Date: 21 Dec 201:
Time: 12:00

SOLAR INFORMATION

Azl / Alt: -179.44° / 43.58°

Rise / Set: 06:37/17:20

Daylight: 10:43 Hrs

TWILIGHT TIMES TROPRPIC / OF
Civil: 06:12/ 17:44 f T
Nautical: 05:44/18:12 : g N C E R ,

Astronom.: 05:16/ 18:40

/




EARTH/SUN:

SITE LOCATION
Latitude S4. 1519
Losgitude: 4.4

Timexone 000

DATE AND TIME
Oate: 21 Mar 2015

e

SOLAR INFORMATION
Add f A 147.18" 1 33 .50

oG

I
1215 My

http://andrewmarsh.com/apps/staging/earthsun.html




The influence of the site;: GEOMETRY
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VARIATION OF SOLAR RADIATION DUE TO ANNUAL PERIOD AND LATITUDE
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SOLAR ENERGY= f (power, angle of incidence, sky conditions)= World Location

Autodesk® Ecotect® Andlysis sustaindble design andlysis sofiware is @
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The influence of the site: GEOGRAPHICAL POSITION

- 2 - LOCATION >
OATE ANDT

Lat 54.15197000" Loy 4.48524000° 1\ B " -

Gocgle o LR T " [ rasba. lm\m | M cata €215 Gooe INED! 1000 4m s Temacfite

SOLAR GEOMETRY

http://andrewmarsh.com/software/sunpath-on-map-web/



The influence of the site: GEOGRAPHICAL POSITION

SUN-PATHCHART: &  »  cwaar- &) swow- & B @, @, ®. @.

DATE, TIME AND LOCATION
Lastude SAN5157

orgtude ABS2
Time Zone 000
Oay of e Yoar 2 Mar 2004
¥
Mar 2
Time of Day 1030

SOLAR INFORMATION
Solar Time: 10:90

Axi /A 147,15 1 3065

Howr Angiec 2.

Decination: 03%

Rise / Set 05:92/1028

Daybght: 12:16 Hes
TWILIGHT TIMES

cvit 0537 /1903

Nauscar 04:54 /1045

Astronceical: 04:90/ 2020

DATE
NAME (Sth.Hem.) (Nth.Hem DESCRIPTION

Summer 22Dec. 22Jun. Sun at its highest
Solstice noon altitude

" s wr

Autumn 21 Mar. 21 Sep. Sun rises due east,

: Equinox sets due west
SO LAR G EOM ETRY Winter 21Jun. 21Dec. Sun at its lowest

http://andrewmarsh.com/apps/releases/sunpath2d.html| S noon alitude

Spring 21 Sep. 21 Mar. Sun rises due east,
Equinox sets due west




SOLAR GEOMETRY WITH LADYBUG

STEP IN TIME ANALYSIS




The influence of the site: GEOMETRY
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The influence of the weather : SKY CONDITIONS

100% |

clear sky

overcast sky

Photographs

N

False Color
Composite HDR
Images
55,000 cd/m?
14,400 cd/m?
3,800 cd/m?
1,000 cd/m?

Overcast Sky Intermediate Sky Clear Sky

False Color Luminance

Cloud coverage is measured as a percentage of total sky

8.2

Cloud cover in Allen, Texas, varies
from intermediate and overcast in
winter, to intermediate and clear
in summer. The CIE defines clear
skies as >70% cloud cover,
overcast skies as <30% cloud
cover, and other skies as
intermediate.

Source: Modified output from

Autodesk Ecotect Suite. Courtesy of
Callison.

8.3

Actual sky conditions that
correspond to overcast,
intermediate, and clear skies are
shown using high dynamic range
(HDR) fish-eye photographs and
false color images. While most
daylight simulation uses synthetic,
averaged sky conditions, actual
sky conditions vary by the minute.
HDR skies can be used in
daylighting simulations, see Case
Study 8.6.

Source: Inanici (2010). Images ©

Mluminating Engineering Society,
www.ies.org;



The influence of the weather : SKY CONDITIONS

Condizioni atmosferiche

Cielo Nebbia Nuvoloso Disco Disco Sole Nebbia Cielo
laed sereno solare solare appena fitta coperto
oo giallo bianco | percetibile
ol Leai -
\ fe ' A
globale 1000 Wm“| 600 W/m’| 500W/m’| 400 WIm*| 300Wim°| 200W/m° | 100 Wim’ 50 Wim”
diretta 90% 50% 70% 50% 40% 0% 0% 0%
diffusa 10% 50% 0% 50% 60% 100% 100% 100%

http://www.sunsim.it/




Th ein ﬂ uence Of t h es |te . S h d d N g M ass The calculation of the solar energy that can be received by a certain point of the site
throughout the year is an analysis that is currently used for the correct installation of
photovoltaic panels. In addition to the use of software it is possible to carry out this
analysis directly on-site with the use of appropriate equipments more or less
sophisticated. These tools can also be used to check the view shed of a given point in the

Fish-eye image showing annual area.

solar path and adjacent buildings

as* North 15 that shade a location within an
urban context. Afternoon hours in
the summer are mostly shaded,
while the first two hours of each 3
day are also shaded. The peak >
summer cooling date is
highlighted, showing full shade

o
FOR 37 - 48"

18t Jul Tstdun after 4 p.m.
1stAug
288 15t May Source: Modified Autodesk Ecotect
output. Courtesy of Callison.
1st Sep
Tt Apr
West - East
18t Oct
1ot Mar
18t Nov >
18t Feb
18t Dec

st Jan'

. Solar Pathfinder - The Solar Pathfinder has Fish eye Camera
South been the standard in the solar industry for

solar site analysis for decades. Its panoramic

reflection of the site instantly provides a full

year of accurate solar/shade data, making it

the instrument of choice.

SunEye™ - The Solmetric SunEye™ is a hand held
electronic device that allows users to instantly assess
total potential solar energy given the shading of a
particular site. Identifying the shading pattern early
in the process reduces the expense of system and
home design and improves the efficiency of the final
system or house.

Solmetric iPV - is an iPhone® based
site evaluation tool, providing full
solar site analysis in an affordable
hand held package.
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The influence of the site: GEOGRAPHICAL POSITION

AVERAGE DAILY RADIATION

4: CLIMATE ANALYSIS

800+ Btu/ft? 4.10 and 4.11
Solar roses from Central Park in
New York City show the average
/ft2
500 Btu/tt daily amount of solar energy on
each vertical segment of a
200 Btu/ft? i cylinder. Since solar angles are
I AVERAGE DAILY Spring Summer Fall Winter symmetrical about the solstices,
'RADIATION each season was centered on an
equinox or solstice. The lower
images show radiation on a
8pm horizontal surface for each hour
and day of the year from the
-+ 2
150+ BRIV 4pm same weather file.
Source: Autodesk's Ecotect output.
2
75 Btu/h/ft Noon © Courtesy of Callison.
0 Btu/n/ft 8am
Instantaneous

4am
Direct Radiation JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC



Perché UR e maggiore di notte?

|= | Climate Consultant 6.0 (Build 11, Mar 27, 2017) — | X
File Criteria Charts Help
LOCATION: Firenze-Peretola, -, ITA
TIMETABLE PLOT Latitude/Longitude: 438° North, 11.2° East. Time Zone from Greenwich 1
Data Source: IGDG 161700 WMO Station Number, Elevation 38 m
LEGEND R
RELATIVE HUMIDITY
ipercent)
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RELATIVEHUMIDITY v |
Feb Mar Apr May Jun Jul Aug Sep Oct

) Monthly Avg (@) Daily S
Select colored squares on LEGEND to change plot colors (see Help). Back Next |
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Visualization of sun energy radiation

. Dati Climatici pronti per la simulazione
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Visualization of sun energy radiation

. Dati Climatici pronti per la simulazione . Dati Climatici pronti per

(_) Download dal Server Strusoft Climate
(3) Usa file ASHRAE IWEC, TMY, WTEC2 ( Sfoglia...

(") Download dal Server Strusoft Cli
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[ N " .
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Visualization of sun energy radiation

Terrain solar exposure and solar access to evaluate the best location

5.16

View Desirability, Slope
Desirability, Solar Desirability.




Irradiation analysis

y N 7.8

Roof plan with annual solar
irradiation analysis to show ideal
orientations and roof forms for
renewable energy collection using
Autodesk Ecotect.

Source: Courtesy of Callison.
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Average Daily Irradiation
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Visualization of air temperature in relation with solar radiation

\ ) Conductuon
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Visualization of Relative Humidity

. Dati Climatici pronti per la simulazione
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4.5

A 24-hour period set of data from
a weather file shows the
interaction of the dry bulb
temperature, the relative
humidity, the direct solar, diffuse
solar, wind speed and cloud
cover. Note the inverse
relationship of temperature and
humidity; direct and diffuse solar
irradiation; and the inconsistent
relationship between cloud cover
and direct solar.

Source: Autodesk Ecotect Suite

output of EnergyPlus weather data.
Courtesy of Callison.

Inverse relationship between Temperature and Humidity
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Environmental parameters affecting thermal comfort: HUMIDITY

Apparent Temperature (AT)
The AT is defined as the temperature, at the
reference humidity level, producing the same
amount of discomfort as that experienced
under the current ambient temperature and
humidity.
Basically the AT is an adjustment to the
ot . ambient temperature (T) based on the level of
: humidity.
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Air movement: WIND ANALYSIS

Wind and Ventilation

1- determine the coldest and the hottest seasonal period and hours
2- for that periods find the most frequent wind directions

. Dati Climatici pronti per la simulazione

. .
() Download dal Server Strusoft Climate
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Wind and Ventilation
Air movement: WIND ANALYSIS

3- define wind speed for the hottest and coldest periods
4- reduce the speed according to altitude and roughness of the site

. Dati Climatici pronti per la simulazione 500 -
(_) Download dal Server Strusoft Climate 400 —
(#) Usa file ASHRAE IWEC, TMY, WTEC2 ( Sfoglia... ]

Sorgente Clima: ITA_Roma-Ciampino.162390. _IGE 300 .
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p 200 -
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Tipo Dato: Vista: 1 00 -
[ Velocita del vento ¢] -|m E@. .

- =000,
m/s 0
30

Figure 1—General wind velocity profile near
surface (from Rothermel 1983).



Environmental parameters affecting thermal comfort: HUMIDITY

Effect of Wind on Temperature
Apparent temperature (AT) as a Wind Chill - after Steadman 1994
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ation

- Wind'and Venti
Air movement: WIND ANALYSIS

HOW TO VISUALIZE WINDS — Airflow Modeling

Understanding the air flow and distribution patterns for buildings.

The building form and shape can affect how air flows through the building and across neighboring developments into the
building.

This is an important consideration for natural ventilation and can significantly reduce costs of air-conditioning provisions.
There are Computational Fluid Dynamics (CFD) tools available that can help simulate the air-flow patterns within built-
spaces as well as for whole building estates

Basic software tool:
Flow Design http://www.autodesk.com/education/free-software/flow-design (student version available)

Other popular software tools:

Fluent by Ansys: http://www.ansys.com/. (student version available)
FloVent from Mentor Graphics: http://www.mentor.com/.

Comsol Multiphysics modeling software: https://www.comsol.com/.
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- Wind Ventilation
Air movement: WIND ANALYSIS

5- Orient the model according to the wind direction
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Wind and Ventilation
Air movement: WIND ANALYSIS

6- Set the wind velocity & analyze results (low, high pressure zones)

ISO SURFACE SETTINGS

Value (m/s)
Opacity

Boundary

Status:
Analysis:
Wind Speed:
Length:

Cancel

Transient
3D

10.000 (m/s)
6348.934 (m
011.481 (m)
612.892 (m)
15.715 (m)



Wind and Ventilation

Air movement: WIND ANALYSIS

VEIULILY UT1/3) LFIESSUTE \Fa))

12.186 [28.646]
10.553[10.797]
8.617 [-7.053]
6.093 [-24.903]
0[-42.753]

o VEIULILY UTI/S) LFTESSULE \Fd)]

14.337 [44.346]
12.417[15.593]
10.138 [-13.159]
7.169 [-41.912]

0[-70.664]

Status:  Transient
Analysis: 3D
Wind Speed:  10.000 (m/s)
Length: ~ 10.575 (m)
Width: ~ 0.833 (m)
Height:  1.666 (m)
Voxel size:  0.025 (m)

Status:
Analysis:
Wind Speed:
Length:
Width:
Height:
Voxel size:

LR

Transient L 3
3D

10.000 (m/s)

10.841 (m)

1.522 (m)

1.997 (m)

0.024 (m)









