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MEDITERRANEAN WORLD AREAS

- Areas with mediterranean climate
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KOPPEN CLASSIFICATION MAP IN ITALY
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MILAN

Humid Subtropical Climate
Wet summer, mild winter

ROME

Mediterranean Climate
Temperate climate, dry summer, wet winter
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LOCATION: Milano-Linate, -, ITA

TEMPERATURE RANGE Latitude/Longitude: 45.43° North, 9.28° East, Time Zone from Greenwich 1
Data Source: ICDC 160800 WMO Station Number, Elevation 103 m
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LOCATION: Milano-Linate, -, ITA

MONTHLY DIURNAL AVERAGES Latitude/Longitude: 45.43° North, 9.28° East, Time Zone from Greenwich 1
Data Source: IGCDC 160800 WMO Station Number, Elevation 103 m
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LOCATION: Milano-Linate, -, ITA

DRY BULB X RELATIVE HUMIDITY Latitude/Longitude: 45.43° North, 9.28° East, Time Zone from Greenwich 1
Data Source: IGDCG 160800 WMO Station Number, Elevation 103 m
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LOCATION: Roma-Ciampino, -, ITA

TEMPERATURE RANGE Latitude/Longitude: 41.8° North, 12.58° East, Time Zone from Greenwich 1
Data Source: IGDG 162390 WMO Station Number, Elevation 131 m
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LOCATION: Roma-Ciampino, -, ITA

MONTHLY DIURNAL AVERAGES Latitude/Longitude: 41.8° North, 12.58° East, Time Zone from Greenwich 1
Data Source: IGDC 162390 WMO Station Number, Elevation 131 m
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DRY BULB X RELATIVE HUMIDITY
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LOCATION:

Roma-Ciampino, -, ITA

Latitude/Longitude: 41.8° North, 12.58° East, Time Zone from Greenwich 1
162390 WMO Station Number, Elevation 131 m
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SOLAR PATH

UT date and time of
equinoxes and solstices on Earth!'!

event | equinox | solstice  equinox @ solstice
month| March June September December
year day time day| time day time day time
2010 | 20 17:32| 21 |11:28) 23 | 03:09 | 21 23:38
2011 | 20 23:21| 21 |[17:16) 23 | 09:04 | 22 05:30
2012 | 20 05:14| 20 23:09 22 1449 21 11112
2013 | 20 11:02| 21 05:04 22
2014 20 1657 21 10:51 23
2015 | 20 22:45| 21 |[16:38) 23
2016 20 04:30| 20 22:34 22
2017 | 20 10:28| 21 04:24 22
2018 | 20 16:15| 21 |[10:07 23
2019 | 20 21:58| 21 |15:54 23
2020 20 03:50| 20 21:44 22

MILAN LATITUDE 45.4° N - 21,3°
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SOLAR PATH

UT date and time of
equinoxes and solstices on Earth!'!

event | equinox | solstice  equinox @ solstice
month| March June September December
year day time day| time day time day time
2010 | 20 17:32 21 (11:28| 23 | 03:09 21 23:38
2011 | 20 23:21 21 (17:16| 23 |09:04 22 05:30
2012 | 20 05:14 20 (23:09) 22 14:49 21 11112

201 1711
201 23:03
201 04:44

2016 20 04:30| 20 22:34 22 14:21 | 21 10:44
2017 | 20 10:28| 21 04:24 22 20:02 | 21 16:28
2018 | 20 16:15| 21 |[10:07) 23 | 01:54 | 21 22:23
2019 | 20 21:58| 21 |15:54 23 0O7:50 22 04:19
2020 20 03:50| 20 2144 22 1331 21 10:02

MILAN LATITUDE 45.4° N - 44,6°
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SOLAR PATH

UT date and time of
equinoxes and solstices on Earth!'!

event | equinox | solstice  equinox @ solstice
month| March June September December
year day time day| time day time day time
2010 | 20 17:32| 21 (11:28| 23 |03:09 | 21 |23:3B
2011 | 20 |23:21| 21 [17:16| 23 | 09:04 | 22 |05:30
2012 | 20 |05:14| 20 (23:09| 22 |14:49 | 21 |11:12
2013 | 20
24 20
2015 | 20

20:44 | 21 17:11
02:29 21 23:03

08:20 22 04:48
2016 20 04:30| 20 22:34 22 14:21 | 21 10:44
2017 | 20 10:28| 21 04:24 22 20:02 | 21 16:28
2018 | 20 16:15| 21 |[10:07) 23 | 01:54 | 21 22:23
2019 | 20 21:58| 21 |15:54 23 0O7:50 22 04:19
2020 20 03:50| 20 2144 22 1331 21 10:02

MILAN LATITUDE 45.4° N - 67,9°
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http://astro.unl.edu/naap/motion3/animations/sunmotions.html
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LIFE STYLE
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VERNACULAR ARCHITECTURE

RURAL HOUSE
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VERNACULAR ARCHITECTURE

RURAL HOUSE

v
T

ITALIAN CLIMATE



VERNACULAR ARCHITECTURE

RURAL HOUSE
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VERNACULAR ARCHITECTURE

MEDITERRANEAN HOUSE
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VERNACULAR ARCHITECTURE

MEDITERRANEAN HOUSE
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VERNACULAR ARCHITECTURE

TRULLI OF ALBEROBELLO
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VERNACULAR ARCHITECTURE

MEDITERRANEAN HOUSE
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VERNACULAR ARCHITECTURE

MEDITERRANEAN HOUSE
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VERNACULAR ARCHITECTURE

CAVE ARCHITECTURE - MATERA CITY
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CONTEMPORARY ARCHITECTURE

MILAN BASED ITALIAN ATELIER

STEFANO BOERI
BOSCO VERTICALE
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CONTEMPORARY ARCHITECTURE

SOLAR DECATHLON

L

|

1

RHOME FOR DENCITY WINNER OF SOLAR DECATHLON EUROPE 2014

ITALIAN CLIMATE



CONTEMPORARY ARCHITECTURE

MARIO CUCINELLA

sustainability studio building green futures

.\\ > T T °
_mario cu inelld&@rchiteCts

===

SUSTAINABLE ITALIAN FIRM
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ENERGY REGULATION
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ENERGY REGULATION

Climate Zones

CDD: Cooling Degree Days
HDD: Heating Degree Days

Climate zone A

Climate zone B

Climate zone C

Climate zone D

Climate zone E

Climate zone F

Energy Requirements

Total energy
consumption

End-uses
considered

Thermal comfort

cob

Not available

Not available

Not available

Not available

Not available

Not available

HDD

< 600

601-900

901-1400

1401-2100

2101-3000

= 3000

Energy performance requirements for heating, air-conditioning

(KWhim?year)

Climate zone A
Climate zone B
Climate zone C
Climate zone D
Climate zone E

Climate zone F

Heating, Hot water

Temperature
Relative humidity

Floor area to

velume ratio < 0.2 velume ratio > 0.9

8.5

128

213

34

46.8

46.8

20°C for heating (+ 2°C), 26°C for cooling

50%

Floor area to

36

48

68

88

116

116

End-uses
considered

Thermal comfort

Insulation

Airtightness

HVAC

Hot water

Lighting

Skylights

Windows

Renewable
energy

Heating, Hot water

Temperature
Relative humidity

U-Values (W/m2.K)
Climate zone A
Climate zone B
Climate zone C
Climate zone D
Climate zone E
Climate zone F
Mot available

Mot available

Mot available

Mot available

Mot available

Mot available

Floor

0.49

0.42

0.36

0.33

0.32

20°C for heating (+ 2°C), 26°C for cooling

Roof

0.38

0.38

0.32

0.3

0.29

Walls

0.62

0.48

0.4

0.36

0.34

0.33

Solar thermal energy or other renewable for water heating

50%

Windows

46

3

26

24

22
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ENERGY CLASSIFICATION

End-uses . —_—
Considered Heating, Hot water, Lighting
Energy Rating An efficiency scale based on primary energy. Calculated for whole

energy performance and single end uses. EPi = energy performance for
heating only. L = region

Class

A < 0.50 EPIL + 9 kWh/mZ.year
A+ < 0.25 EPIL + 9 KWh/m2.year
B £ 0.75 EPIL + 12 kWh/mZ.year
c £1.00 EPIL + 18 kWh/mZ.year
D £1.25 EPIiL + 21 kWh/mZ.year
E £1.75 EPIL + 24 KWh/mZ.year
F < 2.50 EPIL + 30kWh/mZ.year
G > 2.50 EPIL + 30 kWh/mZ.year
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ENERGY DATA

Dipendenza
da estero
80,6% Disponibilita
N &~ nazionale

19,4%

Usi non
Energetici *

163 Mtep
Consumo interno lordo

Fabbisogno complessivo
nazionale di prodotti

energetici

Y /[

155 Mtep
Consumo interno di energia primaria

Grandezza di riferimento per la Direttiva

wEfficienza energetica» (2012/27)

[ FER: Fonti di Energia Rinnovabile

[ NO-FER: Prodotti petroliferi, gas e carbone

-

124 Mtep
Consumo finale lordo

Perditedi
trasformazione

Grandezza di riferimento per
la Direttiva «Fonti

Rinnovabili» (2009/28/CE)
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ENERGY DATA

Costo elettricita per clienti residenziali per diversi scaglioni di consumo annuo (€cent/kWh)

scaglioni di consumo annuo

600 kwh/anno

1200 kwhfanno

3500 kwhianno

7500 kwhfanno

lordo netto lordo netto lordo netto lordo netto

paesi imposte imposte imposte imposte imposte imposte imposte imposte
Austria 19.4 14.0 16.6 11.8 13.9 9.5 13.1 8.8
Belgio 21.2 16.7 18.1 14.1 14.3 11.0 13.7 10.5
Danimarca 341 18.4 27.5 13.1 23.2 9.6 21.9 8.6
Finlandia 19.3 15.0 13.6 10.4 10.4 7.8 8.7 6.4
Francia 16.7 12.8 14.8 11.1 11.9 9.1 11.6 8.8
Germania 27.8 21.9 22.5 17.4 18.0 13.5 16.7 12.4
Grecia 8.7 8.0 8.1 7.5 6.9 6.4 7.9 7.2
Irlanda 32.3 24 .5 23.1 18.3 14.4 12.0 12.9 11.0
Italia 10.0 8.2 10.3 8.6 201 15.1 19.0 14.1
Lussemburgo 27.9 253 20.6 18.4 15.0 13.1 13.6 11.8
Norvegia 54.9 42.6 31.6 24.0 16.3 11.8 12.1 8.4
Paesi Bassi 229 21.5 20.9 15.2 19.6 11.1 19.3 99
Portogallo 14.3 13.5 16.2 15.4 13.8 13.1 12.3 11.7
Regno Unito 13.3 12.7 12.0 11.5 9.3 8.8 9.3 8.9
Spagna 10.0 11.5 14.0 11.5 11.0 9.0 10.1 8.3
Svezia 28.8 205 19.5 13.0 13.3 8.1 12.3 7.3
media europea ponderata 20.9 16.7 17.0 13.3 14.1 10.6 13.2 9.0
ftalia: scostamento dalla media -52.4% -50.7% -39.3% -35.6% 42.5% 42.0% 43.7% 42.9%

Elaborazione AEEG su dati Eurostat (Enea 2007)

Net cost of energy 165,8 €/MWh (1place). Normal 120 €/MWh

ITALIAN CLIMATE




PHOTOVOLTAIC POLICY

PV INSTALLED IN 2011

[ Kaka

B Germania

O Cina

[1USA

® Francia

[ Giaappone

m Austraka

O Gran Bretagna
m Belgio

m Spagna

O Resto del mondo

N1 PV INSTALLED IN 2011
N2 PV IONSTALLED IN 2012
(AFTER GERMANY)

STATE POLICY THAT PAYS A PART OF YOUR INSTALLED SYSTEM

Il costo dell'incentivazione al fotovoltaico in Italia

incentivi (min €)

Andamento cumulate dell‘incentivazione e della produzione
da fotovoltaice in ltalia

[ incentivi erogati

I Frodisione complessiva

20.000

15.000
3848 10404
10.000

5.000

2009 2010 2011 2012 2013
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PHOTOVOLTAIC POLICY

Il mercato mondiale nel 2013 Il mercato europeo nel 2013
Ripartizione del mercato mondiale nel 2012 e nel 2013 .
Ripartizione del mercato europeo nel 2012 e 2013 . Altri Europa
; 17.570 |
e o | e e
gg%ﬁ 30.000 e 14,000 1100 ns | EEr
Z 25000 2400 3200 Sppene 12.000 10.253 M Geecie
g oo 2000 (=S S 13.3& ISR -
15.000 e £000 Hu
10.000 4.000 | 3
5000 2,000 )
0- T 1 0 .Gefmmla
2012 2013 ’ o1 . s

Il mercato italiano

Andamento della potenza entrata in esercizio
in Italia tra il 2008 e il 2013

18 < .nmmle 16,48 17,93

2008 2009 2010 2011 2012 2013
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THANK YOU

federico.c@maelab.arch.t.u-tokyo.ac.jp
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Seoul, Korea
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Hyun Bae Kim
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Analysis of weather in Seoul

* Seoul « Tokyo

LEGEND
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Relative Humidity {(Avg Monthly) fid f7 fid 72 a1 g 91 83 a4 a4 a2 [ percent

» Seoul and Tokyo are very similar to the annual mean temperature. But winter season Seoul's
temperature is lower than Tokyo.

» Tokyo is much more high humidity than Seoul all seasons. It means sensible temperature is higher.



« Seoul
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* Tokyo is high solar radiation than Seoul winter seasons. It means easy to using solar energy when
heating in winter season.



« Seoul

Tokyo

LEGEND
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Ground temperature is similar to Seoul and Tokyo which is based on air temperature.
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Seoul

LEGEND
* WARMMOT > 27°C

(SHADE NEEDED)
14 Hour's Exposed
0 Howr's Shaded

(SHADE HELPS)
58 Howr's Exposed
0 Hours Shaded
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(SUN NEEDED)
2140 Houwr's Exposed
0 Hours Shaded

FLOT MONTIG
WINTER SPRING
@ Decenber 21 % Jure 21
SUMMER FALL
Jre 2140 Deconter 21

Daplay Grd
Dusphay Shadng Caloulanr
Dupley Obstucton Elvaton

is

bt

Moo
" e B

» &

o

n

3

ALTITUDE ANGLE

o
EEAFING ANGLE
SoU™

it

o

"

15

w

» Seoul and Tokyo are located similar latitude. Therefore, similar to the movement of the sun.
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Seoul

LEGEND

CHDY BRI TERS
2 I

(derens C)
s W =il
sl @ 4
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Monthiy Ay @ Daily

Seoul is longer below zero time in winter season .

Tokyo is longer over 27 ° temperature in summer season.



« Seoul

« Tokyo
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Traditional house
i ol N

« Appearance of traditional houses



Heating system of Korea

« Traditional floor heating system

N
o (300 N

Chlmney Ia‘g | :-....5

Fire place

[ P e ST o .
. ey / e - R

Bernoulli’s principle



i

Modern

« Diffusion ratio of house 102%, Apartment is 59%, more than half




« Contemporary floor heating system
Balcony 2

Hot water distributor
- Bathroom
Return water e
i
SUPP|Yays ,
Hot water coil
R1

R3



Energy consumption of K

Global warming




Climate change

FLOODS

HYDROELECTRIC
POWER

SNOWPACK

RIVER FLOW

DROUGHT

HABITAT
DELTA LEVEES

GROUNDWATER

WATER QUALITY




Climate Change Convention

COPENHAGEN

UNITED NATIONS CLIMATE CHANGE CONFERENCE 2009

;‘ CMP5
= RE COPENHAGEN
Pre-industrialization ~ todays ot D BN g
Temperature increase R S

AT<2°C Copenhagen Accord, 2009




Energy consumption

Energy consumption  Energy consumption
In Korea In buildings

The energy consumption statistics in 2005
from KEMC(Korea Energy Management Corporation)



Energy efficiency

,
N




Building energy policy of Kores

Energy using and CO2

Energy using

World10th co2

World 9th

The International Energy Agency
(IEA, 2002)
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Building energy policy of Korea

‘2030 Green design Seoul; of the goal of building sector

* Energy consumption reduced by 40% (in 2000 8,920 thousand toe=7,140 thousand toe)
* Renewable energy utilization 20% expansion (in 2008 190 thousand toe=1,430 thousand toe)
» Greenhouse gas emissions reduced by 40% (in 1990 24,880 thousand =14,930 thousand toe)

( Y2 209 2eh [ )

20% &

K
=
s
oy
W

20004 20304 20004 20304 1990 20304

Energy consumption Renewable energy '\ Greenhouse gas
A < utilization emissions




« Seoul, building energy regulation of total emission
(5 years and the total energy consumption reduction target suggested for the unit)

Ratio of energy regulation of total emission

| | Enforce building

h

a1 %%

Building area (million m2)

B1%

B Enforcement before building

81%

Eoq 21% | |
11 15 20 25 '3

o

Total consumption (thousand m2)

(=i

rs

Annual energy consumption

|| Expected energy consumption
| | Target energy consumption

 Energy regulation of total emission (BESS)

(Simulation results submitted before construction-free building energy simulation)
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Status of Photovoltaics

Growing global photovoltaic market

« 2014 global photovoltaic market installations standard 43 ~ 49.1GW, based on
amount of 1,200 one hundred million US dollars attrition by 27% year-on-year

growth forecast
« By 2020, about 350GW installed an additional $ 150 billion more than expected

this year market formation

Photovoltaic Market Status

M. World market o
M Korea market

Unit GW

3

2013 2014 2015 2016 2017 2018 2019 2020
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Location, economy, population, culture, lifestyle , Energy Issues




Climate Built Environment
]

economy,
. el {
2011 Secession of Southern Sudan o Refineries 7
® Oil producing areas ,)/C_ I,.-»"
@ Oil fields ! N
| — Pipelines
--- Proposed pipelines
\
.
SUDAN
. [\
r \.
REPUBLIC \
| ( - ‘ OF SUDAN |
f CHAD 0 Khartoum
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L \ 1
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75 % of the country's oil production

Sudan is also subject to comprehensive US sanctions




Climate Built Environment

population, culture, lifestyle

_ Distribution of Ethnic Group

Arab (48%%) S _ -

Other/mixed s k.

Northern Sudan
Mubian (8%)
Beja (6%)
Fur {294)
Zaghawa (1%%)
Southern Sudan

Dinka {1196)

Muer (5%4)

| Azande (3%)
Barl (334)
Shilluk/Anwak (3%4)

REPUBLIC
OF SUDAN

[] 2tos
5t010
[l 10to20
B 20t025
Bl 25t063

[
~

© FAO 1997

h\\.
CENTRAL \ - ‘ -
AFRICAN REPUBLIC . o ‘ﬁ._g ]
- __f"—-x_l\_ 1
/"“"_' = .

e -

DR CONGO

Sourca: Dr M Izady/www.Gulf2000.Columbla.adu)
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Climate Built Environment

Energy Issues

People's Energy consumption and burden of cost.

the electricity bill is quite expensive $0.1 (in 2012) when compared to the very low income rate
(GNl/capita $1460) in 2012,

It means ... in 2012
With all your fortune .. You can only buy

its even getting worse

GNI per capita, Atlas method (current
us$)

Foverty headcount ratio at national $1,130 20::
poverty line (% of population)

| N | 1
46.5Y Disl | | ==
" D L S |
B Sudan B Sub-Saharan Africa
@THE WORLD BANK Lower middle income

IBRD + IDA | WORLD BANKGROUP



Climate Built Environment

Location, economy, population, culture, litestyle, Energy Issues

editerranean Ses

Saudi Arabia 0.03
3.3 X

Sudan 0.1 S / kWh



Climate Built Environment

Energy Issues

Energy generation types

in 2012, total electricity generation in Sudan and South Sudan was 9.7 billion (kWh)

Hydroelectricity diesel and heavy fuel oil
68 % (27%)

M{EOOO

only 29% of Sudan’s population had access
to electricity in 2011



Climate Built Environment

Location, economy, population, culture, litestyle, Energy Issues

Disorder in distribution priorities




Preface Built Environment

Solar Irradiation & precipitation

Solar Expostre R

Global Horizontal Irradiation Sudan

Average
Annual
Precipitation

“Annual rainfall varies between O in the
north and 1500 mm in the south” FAO

Legend

- over 3000 mm
Il 2000-3000
Il 15002000
B 1000-1500
o B s00-1000
sollargis B 400-600
http:/isolargis.info 200-400
|| 100-200

Average annual sum (4/2004 - 3/2010) 0__ 100 _200km | 0-100 mm

<2000 2100 2200 2300 2400 > KWh/m2 ©2011 GeoModel Solar s.r.o.




Preface Built Environment

climate classification

Desert climate

classification BWh and BWk, sometimes
also BWhn),

also known as an arid climate, is a
climate that does not meet the criteria
to be classified as a polar climate, and in
which precipitation is too low to sustain
any vegetation at all, or at most a very
scanty scrub.

Khartoum is BWhw

A semi-arid climate or steppe climate
are climatic regions that receive
precipitation below potential

e e Shon wosatondat - aygpotranspiration, but not extremely.
I \ (N = 12,398, « . .
| | - (BSk and BSh) is intermediates
%\}\.‘*« (= csa[ ] cwa [ cfa [ 0sa [[7] owa [0 Ofa £T|RECORD : All available )
THE UNIVERSITY OF - cso I v [ c [N o= N oo [ o I =¥ s irescnmon, DETWEEN dEsert climates (BW) and
MELBOURNE ' I o [ v I o= N o I o n-o1deestons  hUMIid climates
— I os¢ I ovc I o T ;




Preface Built Environment

climate analysis

Annual Temperature Ranges

TEMPERATURE RANGE LOCATION: ===
ASHRAE Standard 55 Latitude/Longitude: 15.33° North, 32 32° East, Time Zone from Greenwich 3
Nata &nuirca: Ecotect Station Number, Elevation 366 m
Winter Mild Summer
LEGEND Temp Extremely hot

50

15
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DESIGH HIGH -
AVERAGE HIGH - 4
MEAN -
AVERAGE LOWY - 35
DESIGN LOWY -
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30
COMFORT ZONE
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25
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(At 50% Relative Humidity)
20
15
10
TEMPERATURE RANGE:
Aug Annual

) -10to 40 °C

nax Winter solstice

Spring Equinox
f &Ltq

Autumn Equi

Sumr-olstice -



Preface Built Environment

climate analysis

Annual Ground Temperature Ranges

LOCATION: )
GROUND TEMPERATURE (MONTHLY AVERAGE) Latitude/Longitude: 15.33° North. 32.32° East, Time Zone from Greenwich 3
Data Source: Ecoteci wea - WMO Station Number, Elevation 366 m
LEGEND
10
35
_.-—-"‘—~*—¢-____
DEPTH ﬁ [ —— |
{meters) 30 =t
0.5 I‘!___E_-__-_mg_agrﬁf-—- --l---—-----——l;}‘_] I-l f—
2.0
— 20 3 5“7 ) I :
- IL--I---II---I-----l---------_--l-- N LB B
(Surface is freshhy 20
MOowWn grass.)
15
10
5
(I T | e
5
TEMPERATURE RANGE:
-10
@ -10to 40 °C Jan Feb Mar Apr May Ju Jul Aug Se| oct Nov Dec Annual
() Fitto Data

Spring Summer Autumn Winter
Equinox solstice Equinox solstice



Preface Built Environment

climate analysis

But
Why is the Temperature remains high ....?

LAN



Preface

Built Environment

climate analysis

Maximum ever recorded is 10% !!

LOCATION: -
SKY COVER RANGE Latitude/Longitude: 15.33° North, 32.32° East. Time Zone from Greenwich 3
Data Source: Ecoteci wea - WMO Station Number, Elevation 366 m
LEGEND
100%
90%
Total Cloud Cover  100%
RECORDEDHIGH- = 80%
AVERAGE HIGH -
MEAN - % i
AVERAGE LOW -
RECORDED LOW -
Clear Skies 0 60%
50%
- - - =
-~ -
0% -
-
-
- -
30% -
- T
-
- -
20% =
-
—_’— I_—-—r-r——-,-
10% = g 4
bl - - - T P
0% == — = = = 7
—— —— —— —— = == == —— ——
Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dec k Annual




Preface

climate analysis

DRY BULB X RELATIVE HUMIDITY LOCATION: 2= =
ASHRAE Standard 55 Latitude/Longitude: 15.33° North, 32.32° East, Time Zone from Greenwich 3
Data Source: Ecotectwea - WMO Station Number, Elevation 366 m
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Climate

climate analysis

LOCATION: .-
TIMETABLE PLOT Latitude/Longitude: 15.33° North, 32.32° East, Time Zone from Greenwich 3
Data Source: Ecotectwea - WMO Station Number, Elevation 366 m
LEGEND
-- - -
RELATIVE HUMIDITY 2 am.
( 1% W <20 \ — — 4 am
~ P . " , -
- g -

0 - 60 Sunrise 6 am
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iy | e
Sunsetl o — et = i p.m.
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; g 10 p.m.
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Climate

climate analysis

LOCATION: CA
TIMETABLE PLOT Latitude/Longitude: 15.33° North, 32.32° East, Time Zone from Greenwich 3
Data Source: Ecotectwea - WMO Station Number, Elevation 366 m
LEGEND
0 a.m.
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g S SRSy
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12 p.m.

Monthly Avg @) Daily
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‘DIRECT"
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Climate

climate analysis

LOCATION: .
TIMETABLE PLOT Latitude/Longitude: 15.33° North, 32.32° East, Time Zone from Greenwich 3
Data Source: Ecotectwea - WMO Station Number, Elevation 366 m
LEGEND
0 am.
DIRECT NORMAL RADIATION am.
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57% M Night Time
2% W 4 - 158
O 158 - 316
o S S, -
320 W »474

PLOT:

:DIRECT NORMAL RADIATION

Monthly Avg @ Daily

am.

noon

“DIRECT NORMAL" IRRADIANCE
Y ¢

L3

‘DIRECT ¥4

TRACKING
COLLECTING SURFACE



Pretace Built Environment

climate analysis
Wind parameters

LOCATION: .-
WIND WHEEL Latitude/Longitude: 15.33° North, 32 32° East, Time Zone from Greenwich 3
Data Source: Ecotectwea - WMO Station Number, Elevation 366 m
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Preface

climate analysis

LOCATION: .y
WIND VELOCITY RANGE Latitude/Longitude: 15.33° North, 32.32° East, Time Zone from Greenwich 3
Data Source: Ecolectwea - WO Station Number, Elevation 1200 ft Bea Ufo rt S Ca I,e
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Preface Built Environment

Solar Irradiation & precipitation, climate classification , climate analysis,

70 km/hr.



Preface Climate

Sun-path & shading study

equator Tropical — Khartoum (15.339) High latitude — Tokyo (35.69°)

g19° K == ’* 77.7°

75.9°

Spring Equinox 90°

51.3° 309°




Built Environment

Sun-path & shading study

Summer Solstice Equinox’s Winter solstice

9:00 46.4°
Azimuth = 71.9°

41.9° 31.5°

Azimuth = 102.4° Azimuth = 130.6°

12:00 [ 8190

I 51.3°

75.9°




Preface Climate

geometry and adaptive comfort

typical Sudanese vernacular house

S A
Nk

1\&\

Northern facade small windows on thick walls

openings can provide enough shading

12:00 [ 8190

N




Preface Climate

geometry and adaptive comfort

Typical Sudanese vernacular house

And people migrate to the The small window is closed to prevent
veranda during the winter day the cold and dry storms

I 51.3°

12:00 81.9°




Preface Climate

geometry and adaptive comfort

Migration is a global adaptive concept

Migration in Iragi house
source: Sun, Wind & light

—
(]
S
w
‘
Pucklo Acoma, Warm eason Day o
— [ AL LA )
A 7! | (HiHH | -
e sty | /L= ry c
~ il 1111 - 4 =
i ’{L\%Aﬁu IR | I ALLY
7 bl pL | Y | |
prec— ki e
Ir[ [ ‘;T [l | /M
HHHTAN / i ]
i HHENMRIMIMTATNN | b ../” :
Pueblo Acoma, Cool Deason Day Pueblo Acoma, Cool Geason Night

Day Night
Typical Sudanese House Incorporate spaces with different thermal
behaviors (light /heavy weight , open/shady/closed), which facilitate
migration.

night praferable area

_{lﬁ A- Summer day preferable area ':T:—_J B- winler

| | T = I | j



Preface Climate

geometry and adaptive comfort

The house geometry

House Zoning '

= w
e | oy

T
Sa=" <X

’
:
A-Themaott:st hogte

B The Kitchan s
C D F - Tsilet, shhwar, store’
E - Sub-houss

The house is formed by cluster of units , the gender
segregation is the main influence of the units layout , but
kitchen location helps in reducing heat gain form cooking.




Preface Climate

geometry and adaptive comfort

The house geometry

Roof systems Unit Height

Strong -
radiant heat —
Another advantage of the non-flat ”
roofs (vaulted, domed , pitched) Low ceiling
that its
. . High level
Always have partial shading. Weak ventilation
radiant heat path

&W/, K

% High Ceiling

Increasing roof height
improves the thermal
comfort. source
(Nicholls,2002)

Thermal expansion of
flat and vaulted roof,
source:(Bakr,2003).
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case studies

Contemporary architecture

Tamassociati projects

Mushairib residential complex

National Telecom Headquarters
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Contemporary case studies
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g\.} Q Airflow path lines showing the good wind permeability in the vicinity of the development

Velocity contour at pedestrian level (summer time)
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Contemporary case studies
National Telecom Headquarters

AIN international (Sudan)
& GAP (Turkey).

In May 2007, a prestigious 2,300 m2 project was started in
Khartoum, the capital of Sudan. Sapa supplied aluminium
systems for BIPV that were integrated in the office tower of
the National Telecom Headquarters of Sudan.

Project facts:

aSi standard panels

Opaque 600 panels 83.8 Wp
See-through 600 panels 81.0 Wp

aSi comner panels

Opaque 100 panels 30.0 Wp | B o ‘
See-through 100 panels 279 Wp B\ P ‘
o
Total installed capacity 104.67 kWp L 0 . B - Wocut r O 2p 4-..,.,:...:.;.;‘.{!;.1!-—-;...;;.:1..'—..:..—.:-'7*

T

" ,..-...Mi-lluuurnll!nuusvll..alllll--
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Contemporary case studies

tamassociati

tamassociati @

Paediatric Centre
in Port Sudan

Salam Centre For
Caridac Suregry

Paediatric Centre
Nyala, South Darfur

Awards of
projects in
Sudan

e Curry Stone Design Prize 2013_Decade-long collaboration with Emergency ngo building clinics in war-torn regions, winning
project

e Giancarlo lus Gold Medal 2013_Port Sudan Paediatric Clinic, winning project

¢ Aga Khan Award for Architecture 2013_“Salam” Centre for Cardiac Surgery, winning project

e [talian Architecture Gold Medal 2012_Container Compound, honorable mention in the “Architecture and Emergency”
category

¢ 12th Venice International Biennale of architecture exhibition 2010, Italian Pavilion_“Salam” Centre for Cardiac Surgery

e Middle East Architect Awards 2010_“Salam” Centre for Cardiac Surgery 1° prize as: “Sustainable Project of the Year”

e Smart future minds award 2010_Emergency Pediatric Clinic in Darfur, Sudan, 2° prize

 “Sustainable Architecture” Fassa Bortolo Prize 2010_Container Compound, shortlisted

» “Best of Green Award” 2010 (Treehugger_Discovery Company, USA)_Container Compound, selected

e |talian Architecture Gold Medal 2009_Salam Cardiac Centre in Sudan, commented

¢ Detail Prize 2009_Prayer and Meditation Pavillion in Sudan, shortlisted

¢ “Dedalo Minosse” International Awards 2008_Salam Cardiac Centre in Sudan, special prize

¢ The Architecure Review Award for Emerging Architecture (UK) 2008 Prayer Meditation Pavillion in Sudan, highly commended

Container Medical
Compound, Khartoum

Prayer And
Meditation Pavilion

UNICEF SUDAN
COUNTRY OFFICE
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Contemporary case studies

tamassociati

Local material and skills
utilization

tamassociati @
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Contemporary case studies

tamassociati

External skin (White colour, small

openings, shaded corridors) Energy resources and
passive techniques

tamassociati @

m




Thank you




Resources

https://en.wikipedia.org/wiki/History of Sudan

http://www.whereig.com/sudan/

http://www.waterforsouthsudan.org/news/

http://www.bbc.com/news/world-africa-12115013

http://www.fao.org/docrep/004/ab390e/ab390e02.htm

http://solargis.info/doc/free-solar-radiation-maps-GHI

https://en.wikipedia.org/wiki/Climate of Africa

https://en.wikipedia.org/wiki/K%C3%B6ppen climate classification

http://www.seco.cpa.state.tx.us/publications/renewenergy/solarenergy.php (global horizontal, and direct normal)

Nicholls, Richard. 2002. Low Energy Design. s.l. : Interface Publishing, Great Britain, 2002.


http://www.whereig.com/sudan/
http://www.whereig.com/sudan/
http://www.whereig.com/sudan/
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http://www.bbc.com/news/world-africa-12115013
http://www.bbc.com/news/world-africa-12115013
http://www.bbc.com/news/world-africa-12115013
http://www.bbc.com/news/world-africa-12115013
http://www.bbc.com/news/world-africa-12115013
http://www.fao.org/docrep/004/ab390e/ab390e02.htm
http://solargis.info/doc/free-solar-radiation-maps-GHI
http://solargis.info/doc/free-solar-radiation-maps-GHI
http://solargis.info/doc/free-solar-radiation-maps-GHI
http://solargis.info/doc/free-solar-radiation-maps-GHI
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http://solargis.info/doc/free-solar-radiation-maps-GHI
http://solargis.info/doc/free-solar-radiation-maps-GHI
http://solargis.info/doc/free-solar-radiation-maps-GHI
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Bangkok, Thailand Climate Graph (Altitude: 4 m)
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TEMPERATURE RANGE LOCATION: BANGKOK, -, THA

ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 13.92° North, 100.6° East, Time Zone from Greenwich 7
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The Graph shows ground temperature level is average at above 26
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The red color in this graph show that Singapore and Thailand need

SUN SHADING CHART

SYSTEM for cooling this design.
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Climate Consultant : Without Cooling 15
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Climate Consultant : With Cooling 15
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Climate Consultant : With Cooling + Dehumidification + Passive So
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OVERHANGS
SOUTH GLASS

AIR FLOW TO RIDGE
OR GABLE END VENTS.

CLOSE WINDOWS WHEN AR [[]
CouDiTONES 1§ AUNNING o7 | NORTH GLASS
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In wet climates well ventilated attics with pitched roofs work well to shed rain and can
be extended to protect entries, porches, verandas, outdoor work areas

@ LA, L If soil is moist, raise the building high above ground to minimize dampness and
MAXMUM VENTILATION r_‘_-, maximize natural ventilation underneath the building

IN HOT/HUMID CLIMATES
In this climate air conditioning will always be needed, but can be greatly reduced if
building design minimizes overheating

USE MATERIALS WITH HIGH SRI
FOR MAXIMUM EMISSIVITY TO
MINIMIZE AMOUNT OF HEATR
ABSORBED BY THE ROOF.
FEFLECTANCE AND EMITTANCE
DATA FOR THE MANUFACTURERS
ARE AVAILABLE FROM THE COOL
ROOF RATING COUNCIL,
www.coolroof.org

@

Use light colored building materials and cool roofs (with high emissivity) to minimize
conducted heat gain

Good natural ventilation can reduce or eliminate air conditioning in warm weather, if
windows are well shaded and oriented to prevailing breezes



&

Traditional passive homes in warm humid climates used high ceilings and tall
operable (French) windows protected by deep overhangs and verandahs

D6
22
T
"There goes the
nelgllmbomood'

il B

/“.L...‘. ......‘\ l—l

Nganyil

Keep the building small (right-sized) because excessive floor area wastes heating
and cooling energy

Traditional passive homes in hot humid climates used light weight construction with
openable walls and shaded outdoor porches, raised above ground

69

Earth sheltering, occupied basements, or earth tubes reduce heat loads in very hot
dry climates because the earth stays near average annual temperature



DOUBLE PANE
TYPICAL LOW-E

SOLAR HEAT GAIN
COEFFICIENT = .42 >
N
\ N
58% |
Vo

TYPICAL
VISIBLE LIGHT
TRANS = 63
: N
37% %
63%

TYPICAL

CONDUCTION
U-FACTOR = .40 >
60% Ny

2L

MARCH 21 TO
JUNE 21
(90° - LATITUDE)

/4

DECEMBER 21
(-23.5°)

40%

Ky

High performance glazing on all orientations should prove cost effective (Low-E, Window overhangs (designed for this latitude) or operable sunshades (awnings that
insulated frames) in hot clear summers or dark overcast winters extend in summer) can reduce or eliminate air conditioning



¥,

Use plant materials (bushes, trees, ivy-covered walls) especially on the west to

minimize heat gain (if summer rains support native plant growth)

gain

Screened porches and patios can provide passive comfort cooling by ventilation in
warm weather and can prevent insect problems

Minimize or eliminate west facing glazing to reduce summer and fall afternoon heat



RADIANT BARRIERS ARE SHINY FOILS WITH
EMITTANCE OF .05 OR LESS WITH AT LEAST 1"
CLEARANCE, ATTIC MUST BE VENTED

ATTACHED TO UNDERSIDE OF ROOF DECK

ATTACHED TO BOTTOM STAPLED BETWEEN TRUSSES DRAPED OVER TOP OF
OF RAFTERS (OFTEN MULTIPLE SHEETS) TRUSSES OR RAFTERS

@ Orient most of the glass to the north, shaded by vertical fins, in very hot climates,
because there are essentially no passive solar needs

A radiant barrier (shiny foil) will help reduce radiated heat gain through the roof in hot
climates

Long narrow building floorplan can help maximize cross ventilation in temperate and
hot humid climates



CEILING FANS CAN MAKE IT
FEEL AT LEAST 5°F (2.8°C)
COOLER (CAN BE USED ON HOT
DAYS WITH WINDOWS CLOSED)

huckymisu 56 inch.P 200V, 50
z

Luckymisu 56 inch, P 200
V, 50 Hz, 330 - 340
round/m

Aliexexpress

@

On hot days ceiling fans or indoor air motion can make it seem cooler by § degrees F
(2.8C) or more, thus less air conditioning is needed
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Bangkok, Thailand - Sun path diagram

Sun path
.Today
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Annual variation
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Notes: * = Daylight saving time. * = Next day. How to read this graph? Change preferences.
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GREEN ISSUE AND POLICY IN THAILA
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TEA - Thai Green Buildings Awards
TREES Thai's Rating of Energy and
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GREEN BUILDING IN THAILAND
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ENERGY REGULATION IN THAILAND

ASEAN CENTRE FOR ENERGY

One Vision, One Identity, One Community

The Institute of Energy Economics, Japan -
I[EEJ

1) establishment of a standardized evaluation criteria for
energy conservation in buildings through the preparation of
an in-house database system and technical directory;

2) awarding of model buildings that demonstrate energy
savings and best practices

3) provide recommendations to improve and reduce energy
consumption

4) conduction of national workshops for introduction and

dissemination of energy conservation measures and
technologies.


http://eneken.ieej.or.jp/en/
http://eneken.ieej.or.jp/en/
http://eneken.ieej.or.jp/en/
http://eneken.ieej.or.jp/en/

ENERGY REGULATION IN THAILAND

ASEAN CENTRE FOR ENERGY

One Vision, One Identity, One Community

Introduction « Activities « Photo Gallery Publication « Energy Bodies « Contact Us

Part of the Energy Supply and Security Planning in the ASEAN (ESSPA) Programme, funded by the Ministry of Economy, Trade and
Industry (METI) of Japan
Joint output by the ASEAN Centre for Energy (ACE), the Institure of Energy Economics, Japan (IEEJ) and National ESSPA Teams.

Methodology applied for forecasting was econometric and used an engineering based model with software (MICROFIT and LEAP)

Published in July 2011
Cover all 10 ASEAN Member States
Enriched with an analysis of an alternative energy development path

Projection Scenarios:

1. Business-as-Usual (BAU)

Based on GDP Growth Targets of the 10 Member States
2. Alternative Policy Scenario

Based or| Energy Saving Goals and Action Plan of the 10 Member States in primaryjenergy demand and CO2 emissions

Download here




ENERGY REGULATION IN THAILAND ‘

O V EDUCATIONCAL/OFFICE * 50 W/SQ.M

OVERALL
TH ERMAL THEATRE/ COMMERCIAL/PUBLIC USE * 40 W/SQ.M.
TRANSFER
VALUW

HOTEL/HOSPITAL/;LARGE SCALE « 30 W/SQ.M.




PERSONAL EXPERIENCE AND FEELING

OVERALL
TEMPERATURE
AND HUMIDITY

27 — 33 degree Celsius
60%-80% Relative humidity

In summer, Every April in the hottest
month, skin burn and sweating all day,
feel uncomfortable.

November to February is the most

preferable period for Thai People and
holiday.
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