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Weather files and climate indicators for current and future weather in Africa and EU

Upcoming climate change and chalenges

« During the last century, climate change (CC) increased global average temperature by 0.85 °C.
* In a business as usual scenario, a further increase of 4 °C is expected by the end of this century.

« This increase varies between regions of the globe, seasons and time of day.

Data: CDIACI/GCP/IPCC/IFuss et al 2q1 4
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Weather files and climate indicators for current and future weather in Africa and EU

The need for future weather in building design

« To compound the problem, continuous urban development accentuates the effects of climate
change in large urban areas.

» Buildings are responsible for 30% of the primary energy consumption

* Most existing of studies of the impact of CC in buildings predict a decrease in heating and an
increase in cooling energy consumption or demand.

« Passive strategies may change less and their effectiveness in future climate needs to

be analysed.
8" Non-residential Non-residential 8 3 Non-residential
/0 buildings buildings (indirect) 0 buildings (direct)
28% / 23 /
° %
o
Transport \ i 2 2 " Transport \ Resndemnal
Residential buildings
buildings (indirect)
35% ‘_ :
7% —
5%
o Other Residential
Other — buildings
S 5o (direct)
0, / Buildings 0 /
3 2 % construction 32 % ] O
Other Industry ENERGY industry Other industry EMISSIONS Buildings
construction
industry

IEA, Shares of primary energy consumption by sector, 2020, IEA, Paris

- ABC 21 project has received funding from the EU’s Horizon 2020 research and innovation programme under Grant Agreement No.894 712 3




ICBMB 2023 conference

Weather files and climate indicators for current and future weather in Africa and EU

Generation of Future Weather Files: Weather databases

Currently there are no databases for future weather files that incorporate the most recent predictions
of upcoming climate change.

Available for
Database Type .
Europe Africa
(E EnergyPus WeatherData free 188 locations 153 locations
Climate.OneBuilding.Org Climate One Building free 3454 |ocations 896 locations
EF meteonorm Meteonorm paid 1640 locations 600 locations
i
() White Box Technologies White Box Technologies paid +3400 locations +800 locations
C@%{ﬂ% Weather Source paid any location any location
m PHOTOVOLTAIC GEOGRAPHICAL - PVGIS free any location any location
ey INFORMATION SYSTEM
SO®OLCAST Solcast paid  any location any location
SOLARGIS paid any location any location
& Sustainable SIREN paid any location any location

i‘ 7] Energy Now
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Weather files and climate indicators for current and future weather in Africa and EU

Generation of Future Weather Files: Data elements present in weather files

OUTDOOR AIR
CONDITIONS

LOCAL SOLAR
DATA

LOCAL WIND
PROFILE

Element Symbol Unit Resolution
Date - YYYY/MM/DD -

Time - HH:MM -
‘?;yn:lt;))lgrt;ture Tan Degree Celsius  0.1°C
.?g::;)%?i;hre Tin Degree Celsius  0.1°C
Relative Humidity ¢ Percentage 1%
Atmospheric p Pascal 0.1 Pa
Pressure

Cota Horeonal g, Wathouper
imadiance G sauare meter 1 Wi
I
Wind Direction ., Degree 1°
Wind Speed u Meter per second 0.1 m/s
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Weather files and climate indicators for current and future weather in Africa and EU

Generation of Future Weather Files for Thermal Simulation

HISTORICAL Climate.OneBuilding.Org Large Scale
DATA  Most recent EPW files 2004-2018 _— A
Cir(‘ulatt,iltl::ll ;'Iodels
+ (GCMs)
FUTURE {/[¥:4; ﬂ > Dynamical
DATA [ & S downscaling
. . CMs
Monthly climate data from multiple el
models @ > Statistical
(CO RD EX) . y downscaling
* Mid-century 2050 (2040-2060) AT AT ek )
Hydrological scale
* End-century 2090 (2080-2100)
6
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Weather files and climate indicators for current and future weather in Africa and EU

Generation of Future Weather Files for: Morphing current files into future
weather files

9 locations, two future periods -> 18 new files

uture Data
(2050)
2040 - 2060

(2090)
2080 - 2100
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Weather files and climate indicators for current and future weather in Africa and EU

Open Access Weather Files for Thermal Simulation

. Weather Station . Download Link

Milan (ltaly)

Rabat (Morocco)

Midelt (Morocco)

Wien (Austria)

Lisbon (Portugal)

Nairobi (Kenya)

Dakar (Senegal)

Saint-Denis (La
Reunion, France)

Lomé (Togo)

Milan-Linate Airport

Rabat-Sale Airport

Midelt (urban area)

Wien (urban area)

Lisbon (urban area)

Nairobi-Kenyatta
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Roland Garros Airport
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Eyadema Airport
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- ABC 21 project has received funding from the EU’s Horizon 2020 research and innovation programme under Grant Agreement No.894712


https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ETQMZnxttkJDlSY8Z0jpmAABcMPsiR7RtUARO3TcbLtWMg?e=XY9iTb
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EaVDGnwPLe1GuOnYT7jJ2E8BMZnWloM1mvA-UaD-l5fZCQ?e=fcITYv
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EaGyOnpWbDlBqj6epE8MLMQB-qAqmF3Y0fYCnW7lMEHR5A?e=8s3OGh
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/Edr6cRdea1dCoXD2r82j848Bni7QsB8Sxcb68lleOpLVRA?e=vBc04M
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EeL_5PN9XZpKmoowHkpwLGUBuFM4r1t7bzNfso99nJyk7w?e=LYhnfP
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EQxOZnHRAcNIrxmqk-7AIYQBZghiD6mHchN__lQRQusVKg?e=FYvfpI
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/Ea4GdZz9ADVPgWECGFYV6BYBdKNNE9jUlm2d_2ILQwHOgg?e=gKOtwB
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EYdWwFJARNpLp_N9wJUR9VMB6hmW1HkGuckEnsmOSKCkmw?e=jVeBXV
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EUewXxKE8ThBt9uRRvxBhTEBJq3isHOkwaNm_FwtB4RG1A?e=KAectC
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EfLWZP12VsVHpAjZodBRGeABbk55Pi1Bk2qEzIo22ILFWA?e=rkvh9X
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/Efbq_gMoArBGkuTgHVY84F8BlPUX_cmHAa6OLuSwuZTtZw?e=y6VTal
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ET39yJ88ZTBHn2HaOiW5ZhcBNChCfa1wnigDmlB1-ldSHg?e=byHbs4
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ETALyzLFng5Kr936M9oTlysBOEmTTWrbgG_WmhISvnQVZA?e=xH7yLB
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EaxB0rLDdEVLu970HZbFaawB1KbuVAicnp_5wervCkdP8Q?e=TK2g52
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ETsGBZU_60pHqFR95QlE2DwBZ6ZpIB4lVBdaaFq43KsVEQ?e=6rogf4
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EaOJg_fbjh9Pmdn4MfpZOk8BWIKlkYDPtUBbctYgG_QRhA?e=GW6yBP
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ESUs8bIDzQ5NjbRanTRS_kUBwiX4P8ouKO1rIcRfHxBmBg?e=KdEbjQ
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ET_GZnVGA9dLplx5QKHDGZUB2OpJ4WML4FxpB-WNJ2aYBA?e=an3G2n
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EWEU715tUOpMjuwalDMmCR0BWZKy7uFyJGA3XcssB75d4w?e=ytzjZW
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EQdGIvuv9RVFk9JCYCKV9FIBe0qoscT5Wdo-lXhPaSVcDw?e=80DInG
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/ERGjiojJXL9Ilr3F1UVC3g0BlkVw6DxNjwF4YvLVs15esg?e=Jr6Di9
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EUr3uEaBAqJGjSJElLQiyMYBhBm6-JBR63d2W6_5d9jGZQ?e=rbJP0F
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EZPWPs64eq5PpmtZ095M3igBoMnlxQeHcz7oVmPh3noIkQ?e=7HcHmi
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EbQuYjLVGP9PqhdylQtFsxgBe0bItrBrVoCe3oDwfOn-0A?e=BCwxsB
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EadDc4eAk6RAnKoBffCJat4BGqdpWsnH7h_GDpGu_vtxAw?e=lwYhGl
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EbBVHNAyw3tOqfD8PgfVkzAB9C9m7MgeodQUOoOZH5Eytw?e=1Y9tTY
https://ulisboa-my.sharepoint.com/:u:/g/personal/daniel_albuquerque_office365_ulisboa_pt/EZv-5c45Kc1EiU4IPLN4cWsBIybJ1lAd5lKzV_O2wqt5Xg?e=yFVSsc

ICBMB 2023 conference

Weather files and climate indicators for current and future weather in Africa and EU

a

Review of available weather indicators for Africa and EU

Heating and Cooling Deqgree Days

Mean daily degree-days (hourly basis)

N L 24 N 1 24
+ +
HDD = Z ﬂZ[Tb.h — Tout; ] CDD = z : ﬂZ[T"“t’j =Tl
a=1 j=1 d a=1 7=1

Saint
Lisbon | Milan | Wien Rabat | Midelt | Nairobi| Dakar . Lome
Denis
3 4 4 3 3 3 1 1 0
2010’s Extremely
Warm Mixed Mixed Warm Warm Warm Very hot | Very hot hot
3 3 4 3 3 2 0 1 0
2050's Extremely Extremely
Warm Warm Mixed Warm Warm Hot hot Very hot hot
2 3 3 2 2 2 0 0 0
2090’s Extremely | Extremely | Extremely
Hot Warm Warm Hot Hot Hot hot hot hot

Thermal climate zone characterization.

d
Thermal .
- Name Sl Units
zone

B  Extremely hot 6000 < CDD10

Very hot 5000 < CDD10 <6000
Hot 3500 < CDD10 < 5000
CDD10 < 3500
Warm
HDD18.3 < 2000
CDD10 < 3500
Mixed
2000 < HDD18.3 < 3000
CDD10 < 3500
Cool
3000 < HDD18.3 < 4000
Cold 4000 < HDD18.3 < 5000
Very cold 5000 < HDD18.3 < 7000
Subarctic/arctic 7000 < HDD18.3

ASHRAE 169-2020 thermal climate zone classification system.
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Weather files and climate indicators for current and future weather in Africa and EU

Review of available weather indicators for Africa and EU

Passive Cooling Indicators

Natural Ventilation Hour (NV hour)

The concept of Natural Ventilation hour is defined as the number of hours in a typical year when the outdoor weather
condition is suitable to use passive cooling strategies [Y. Chen et al. ]

~+

year

_ ¢ {tNV,j =1 Tout,j € ]12'8 ’ Tin max,j [ N po(Tout,jl ¢0ut,j) <17n Uin max,j € [0 ’ 0-8]
= NV,
; g tNV,j =0 Tout,j ¢ ]12-8 ’ Tin max,j [ U po(Tout,j: ¢out,j) =17V Uin max,j ¢ [0 ’ 0-8]

TNV
j=1

— T — 2 =T e .

Tin max,j — 0-31Tout,j +213 Uin max,j — Jcluout,j + CZHATmax,j + C3 ATmax,] Tm max,j Tout,]
LISBON 2010 LISBON 2050 | LISBON 2090 La
MILAN 2010 MILAN 2050 [} MILAN 2080 [ ]
|||||||| WIEN 2050 | | WIEN 2030 ®
RABAT 2010 RABAT 2050 - RABAT 2080 -

| JEE E—
I L}
DAKAR 2010 DAKAR 2050 | DAKAR 2090 I
SAINT-DENIS 2010 SAINT-DENIS 2050 [ SAINT-DENIS 2080 I
LOME 2010 Jo LOME 2050 I LOME 2090 o]
0 5 10 15 20 25 30 35 40 15 50 -30 25 20 5 -10 5 0 5 10 -30 25 20 5 -10 5 0 5 10
Week: Week: Week:
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Weather files and climate indicators for current and future weather in Africa and EU

Review of available weather indicators for Africa and EU

Passive Cooling Indicators

Suitability of air temperature for natural ventilation (Syy)

The suitability of air temperature for natural ventilation (Sy,, ) is expressed as a total number of suitable hours for NV in
the typical year considering that NV can only perform during the working period (9h-18h). The assessment considers
four intervals of outdoor dry-bulb temperature

Tour < 10 Too cold
S 10 < Tyyt < 16 Suitable for NV/fresh air supply
NV 116 < T,y < 26  Suitable for NV based ventilative cooling

Tout > 26 Too warm for NV
2010 2050 2090

LISBON 2010 LISBON 2050 s - . LISBON 2090 EET - .

MiLan zot0 [0 Moo . MILAN 2080 B — |

WIEN 2010 WiEN 2050 T BN | WiEN 2030 S _—

RABAT 2010 RABAT 2050 EE RABAT 2090 A 0 ]

i Al - Em MIDELT 2090 IS -
nnnnnnnnnn NAROSI 2050 [ — S— s = NAIROBI 2090 T .

DAKAR 20° DAKAR 2060 £l | DAKAR 2080 E

SAINT-DENIS 2 sAN | sal = ]
LOME 2010 LOME 2050 Bt £ ] LOME 2080 E ]
25 20 5 10 5 o 5 10 5 20 25 25 20 5 10 5 o 5 10 15 0 25
Week: Weeks

mTC - Too Cold for NV = NV - Suitable for NV/fresh air supply = VC - Suitable for NV based ventilative cooling mTW - Too Warm for NV
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Weather files and climate indicators for current and future weather in Africa and EU

Energy efficient design: Case Study  Year of construction: 2013
Floor Area: 580 m?

Window-to-wall ratio: 18%

Natural ventilation strategy: Single-Sided and
Displacement Ventilation

Openable Area to Floor Area Ratio: 8%

Thermal Mass (ISO 13790): Heavy

Occupant density: 2,4 m?/p

I I Hours of occupancy: 70 h/week

Sensible Internal loads: 53 W/m?

=T BEHIND
RADIATOR | gy

INTERNAL VIEW . INTERNAL VIEW

Inside and exterior views of the CML Kindergarten.
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Weather files and climate indicators for current and future weather in Africa and EU

Energy efficient design: Simulation Model

North East

5 O[O ol

25 Thermal zones

™ -

Validated Three node Displacement Ventilation model
west Heat pump with a nominal COP of 3.5

PV with a total area of 10 m?

Exterior view of the geometric model of the building.
1000

900

<800 : ; —
: : IS :

Total Electric energy use: 77.9 [kWh/m?2/year] < 700 1
Renewable Primary energy generated: 8.1 [kWh/m2/year] 5 600 i ;

2 ! .
Renewable energy self-consumed: 7.6 [kWh/m?2/year] : 0 i

S 400 —
Total Primary energy use: 193.4 [kWh/m?/year] % 200
539 educational buildings: 199 [kWh/m?2/year] 100 | ——

0 Educational Residental Offices Hospitals Retail Hotels
® Mean annual electricity consumption Kindergarten mean annual electricity consumption
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Weather files and climate indicators for current and future weather in Africa and EU

Energy efficient design: Simulation Results

Adaptative comfort approach

The base temperature is defined according to the adaptative comfort models proposed by EN 15251:2007 Standard or
ASHRAE Standard 55-2017.

0.31Tg,¢ + 14.3°C 0.31Tgyt + 21.3°C (ASHRAE 55-2013)

1% of occupied hours out of

acceptability limits

Operative temperature (°C)

Lower 80% acceptability limit

January February Marct April Ma eptember October November December

CML KINDERGARTEN OPERATIVE TEMPERATURE ADAPTIVE COMFORT ANALYSIS (ASHRAE 55-2010).
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Energy efficient design: Simulation Results
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Weather files and climate indicators for current and future weather in Africa and EU
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Weather files and climate indicators for current and future weather in Africa and EU

Energy efficient design: Simulation Results

100%

90%

80%

-~
o
=

60%

50%
40%

< 30%

% distribution - by fuel type

20%

10%

0%

EU
targets
for
2030

!

Austria

Italy

Portugal Morocco Total Europe

mOil mNaturalgas =Coal = Nuclear energy ®Renewables

Total Africa

Total World

British Petroleum, BP Statistical Review of World Energy, 2019, 68 edition.

Lisbon

Milan

Wien Rabat Midelt Nairobi Dakar

Saint-
Denis

Lo

2,62

2,63

2,45 3,30 3,30 3,05 3,05

3,05

3,05

Primary energy factor considered.
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Weather files and climate indicators for current and future weather in Africa and EU

Enerayv efficient desian: Simulation Results

450,00
2010 =2050 m2090
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Lisbon Milan Wien Midelt Rabat Dakar Nairobi Saint-Denis Lomé

Primary energy consumption for studied cities in 2010, 2050 and 2090 scenarios

The highest values of primary energy consumption correspond to those with hottest climate classifications
(Dakar, Saint-Denis and Lomé)
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