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Representative concentration Pathways
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https://ig.ft.com/sites/climate-change-calculator/

1/3 - Back fo narrative

Annual GHG emissions Global mean temp.
(tonnes bn CO.€) change by 2100 °C)
140 A
2020-2030 zcal

Efforts to cur emissions
m—— ige | estimate
A a

China

Cuts reauired to restrict rise to RCP 2.6


https://ig.ft.com/sites/climate-change-calculator/

Local Changes Given by Climate Change

(Arpae Emilia Romagna - Italy)

ﬁ Stazione di misura

Scala cromatica delle variazioni di temperatura

0 02 04 06 08 10 1,2 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Il colore indica la variazione di temperatura massima annua rispetto al periodo di riferimento 1961-1990.
Accanto al simbolo della stazione & indicato il valore climatico di riferimento.



Breaking Planet Boundaries

(Stockholm Resilience Center)

BIOSPHERE INTEGRITY

Bl CLIMATE CHANGE
(Not yet
quantified)

NOVEL ENTITIES
"+ _ (Not yet quantified)

LAND-SYSTEM
CHANGE .

STRATOSPHERIC
OZONE DEPLETION

FRESHWATER USE %

.+ ATMOSPHERIC AEROSOL
° LOADING
(Not yet quantified)

ACIDIFICATION

[ Below boundary (safe)
In zone of uncertainty (increasing risk)
[ Beyond zone of uncertainty (high risk)

BIOGEOCHEMICAL
FLOWS



BREAKING
BOUNDARIES

THE SCIENCE OF OUR PLANET

4 JUNE




Thank you so much
Mrs. Brundtland

-1987

"Sustainable development is development that meets
the needs of the present without compromising the ability
of future generations to meet their own needs.“

No, it’s not enough. And if it was nothing but an oxymoron?

Photo: Skoll Foundation - f‘:,




From Sustainable to Regenerative

regenerating
positive impact

degenerating
reducing impact

conventional green/high
practice performance
buildings
achieving performance
minimum improvement,
standards sustainability

ratings

sustainable restorative design regenerative design
design
reversal to human and natural
towards pre-development systems actively
net-zero environmental co-evolving as one
carbon conditions
neutral



The 10 Scales of Architecture of Climate Change

1) Mesoscale

2) Large District

3) Block

4) Outdoor

5)  Outdoor / Indoor

6) Building Form

7)  Facade design

8) Retrofit

9) theissue of insulation

10)  Personal Devices



1) MESOSCALE



Dry Bulb Temperature [C]
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Potential Air Temperature (°C)
Building: Temperature of building (inside) (°C)
Air Temperature at Vegetation (°C)
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Venetian Campi Resilience to Climate Change
Complex case. Geometrically and Thermodynamically

Aerial view of Venice (a); San Polo in de' Barbari illustration (1541) (b); view of San Polo (c); SS. Giovanni ¢ Paolo in de' Barbari
(1541) illustration (d); view of SS. Giovanni e Paolo (c).



Thermal Resilience: Current (2020) and projected scenario (2050) PET delta

absolute difference PET

<-9.00K
-8.50 K
-8.00 K
-7.50 K
-7.00 K
-6.50 K
-6.00 K
-5.50 K
-5.00 K
> -4.50 K

Santi Giovanni e
Paolo PET h:10 h:13 h:16



Building Resilience
average outdoor temperatures in 2050 (avg. 6°C), all the fabrics maintain relatively low indoor temperatures (avg 0.7°C, range 2°C)
the higher the urban fabric compactness, the lower the frequency of high indoor temperatures

Ind,.,, $20 (°C)

[l 0,000 - 21,000

Jl 21,001 - 22,000
[1 22,001 - 23,000
ll 23,001 - 24,000
fl 24.001 - 28,000

Alnd_, S20-S50 (°C)

0,000 - 0,800
[1 0,801 - 1,000
[1 1,001 - 1,200
fl 1.201 - 1,400
Jl 1.401 - 2,000




2) LARGE DISTRICT



EPFL Campus Regenerative Design Tools Development
Complex case. Geometrically and Thermodynamically
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What will happen in 2039 as compared to today

Difference
(KWh-m?)

Difference
(kWh-m?)

0 7

Difference in Heating Demand for 2039 Difference in Cooling Demand for 2039



3 Urban BLOCK









Changes Given by Climate Change

Changes in the Atmosphere:
Composition, Circulation

Changes in the
Hydrological Cycle

N, O,, Ar,

Aerosols
Atmosphere-ice Precipitation
Interaction Evaporation
Terrestrial
— Radiation
eal
Wind
Exchange Stress
Y I l ¥=
Sea ice
Hydrosphere: ==
Ocean
S Conon Copil Hydrosphere:
Rivers & Lakes

e

H,0, CO;, CH,, N;O, O, etc. RS

Volcanic Activity

Atmosphere-Blosphere
Interaction

M=

Land-
[Biosphere] | Sincsonere

Soil-Biosphere 2
— Interaction
— Land Surface

4

Cryosphere:
Sea Ice, Ice Sheets, Glaciers

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

copyright Climate Change and Biodiversity



Towards multiple Regenerative Performance Integration
with TUM and Pietro Florio

FOCUS ON FUTURE
FOCUS ON FUTURE CLIMATE CHANGE
SOLAR POTENTIAL DIFFERENT EPW FILES

%

SOLAR RADIATION ANALYSIS ENERGY USE INTENSITY
kWh/m2 £\ kWh/m2

OUTDOOR
MICROCLIMATE

DIGIAL
WORKFLOW

RENEWABLES

BUILDING

/%4 PERFORMANCE N
FOCUS ON FOCUS ON UTCI
DAYLIGHT, ENERGY USE SKY VIEW FACTOR
NATURE VIEW FACTOR

AND RENEWABLES
SKY VIEW FACTOR

OUTDOOR MICROCLIMATE ANALYSIS
°Cc %

NATURE VIEW FACTOR
%



Dry Bulb Temperature (°C)

Comparison with Future Weather Files

Cold Month

(Hourly Average)

Current Weather File

. (Hourly Average)

Dry Bulb Temperature (°C)

Typical Spring Month

Dry Bulb Temperature (°C)

Hot Month

%
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UTCI Variation in Hot Week (2018/55/85)




Energy Use Intensity and Climate Change

15

13

11

8§ 9
£ mEUI 2018
i 7 = EUI 2050
% EUI 2080
g ; PV 2018
® PV 2050
1 PV 2080

1 2 3 4 5 6 7 8 9 10 11 12
Month of year



4) OUTDOOR
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The Livestock Grassopher Plugin
Christian Kongsgaard




The Livestock Grassopher Plugin
Christian Kongsgaard

WITHOUT LIVESTOCK

Universal Thermal

Cimate Index -
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Universal Thermal
Climate Index -
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Climate Cycling in Copenhagen
With TU Munich and TU Delft




Sensing Copenhagen Microclimates trough combined measurements and

modelling
With TU Munich and TU Delft




Information Visualization and Workflow
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TeupERATURE

MEAN RADIANT

MEAN RADIANT TEMPERATURE.
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5) OUTDOOR / INDOOR



Functionalist Nordic Houses and Recent Houses
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Operational and Embodied Energy over 50 years

Primary Energy Kwh/m2 per 50 years comparing operational energy (heating, cooling, lighting) and construction (Embodied)
energy

I Primary Energy Demand (operation) Kwh/m2 per 50 years [l Primary Energy Demand (construction) Kwh/m2 per 50 years
20,000

15,000
10,000

5,000

Jacobsen Aalto- Main Korsmo Erskine Velux - 'Home Adaptable Tind Villa Nyberg
house House for Life' House Prefabricated
House



Operational and Embodied Energy over 50 years
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The atmospheric effects of architecture are often a consequence of the design




40°C Low velocity
sheltered

High velocity
20C cooling







6) BUILDING FORM



Playing with new climatic extremes
BIG — FarOer Educational Center
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MORPHOLOGY IN NATURE

1T 15 a recognized fact that the forces of nature
have a direct effect on the formation of objects.

In natural history the rule is universal that
only species are fit to survive which are in
harmony with their environment, balanced
with their tissue materials, and adapted to all
internal and external forces to which they are

The living organisms occupy a field of force
which er simple and which indeed is of
i nse complexity. As sometimes in physics,
dge of form leads to the interpreta-
; of forces that molded it, at other times the

knowledge of the forces at work guides a better
- ception of form is ultimately the understand-
ing of the forces that gave rise to it, as a
ri:pmtion of a form is a diagram of forces

In organic life the forces, therefore the
adaptation to them, are under a dynamically
‘continuous change. “Ignorato motu, ignoratur
Natura,” wrote Oliver Lodge. This constant
chang utes the base of the theory of
nation, that is, when the same “genus”
different circumstances deforms in

( in relative magnitude, or in

r porcupine-fish
vertical coordinates

tric circles, and the
into approximate hy-
shows a representa-

t very different

- Mola, shaped

Turning from the complexity of the z00logi-
cal world, plant life shows a closer relatign.
ship to the specific thermal environmeny
problem. The plant morphology in varigys
climates seems to bear an analogy to the
formation of buildings, as a few of the shaping
forces (such as temperature range) are some.
what similar to human environmental needs.

The illustrative examples of cross sections of
leaves (shown at the opposite page with
typical sections, h not ily drawn
from the same plants as shown above) can
draw attention to interesting synonvmity. Ac-
cording to either favorable or adverse environ-
ment, plants open or close their surfaces, The
plants of cool and hot-arid regions show
similarities with their massive sections; ie.,
large content with relatively small surface.
This is their defense response against the
excessive cold or torrid heat. Conversely, the
plants of more temperate zones are free to
communicate with their seasonal environ-
ments, and the growth of hot-humid vegeta-
tion is liberal in size and shape.

In the approach to regional building charac-
teristics described further, the two main thermal
factors—the combined effect of air temperature
and radiation—lead the investigations. Since
not the particular local conditions but rather
the general regional character was aimed for,
the effect of air movement in the convection
calculations was held as a constant and di
rectionless value. The results point towardt
shapes under which specific conditions stand ¥
better, hence are preferable in their
environments.










creation of dynamic visual relations from inside to outside and vice versa
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Embrace Climate Change

Oakland Cathedral with SOM§
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Biophilic Design - : —
Oakland Cathedral with SOM % G \ =
Example of Regenerative interior dynamics ¥, i

It stimulates physiological comfort and connection to outdoor / :
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KADK Daylighting Room Digital Model.




Facade as an Outdoor and Indoor Climate Giver

BUILDING B - STREET CANYON

BUILDING A
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LadyBug Customized Scripts (8 simulation tools invoked)

Daylighting Script

i
i

Indoor Thermal Script MRT Outdoor Script




Facade as an Outdoor and Indoor Climate Giver. Systematic Studies
Thermal Emittance (0.1 - 0.9) Solar Reflectance (0.1 - 0.9)

Summer design week
Winter design week
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Research by Design. Geometry and Climate Change

with University of Cyprus and University of Camerino
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Facade Geometry and Climate Change

TA TILED 8.9.2006 90° - SURF. TEMP °C -13.00



today

TATILED 8.9.2006 90° - SURF. TEMP °C -13.00
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TA TILED 8.9.2080 90° - SURF. TEMP °C -13.00
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8) RETROFIT



The issue of today Retrofit

Future Climate Resilience Through Informed Decision Making in Retrofitting Projects

Jonas Manuel Gremmelspacher, Julija Sivolova, Emanuele Naboni, Vahid M. Nik

H - EEm

© (@)

1, Aarhus, Denmark; (b) Case 2, Copenhagen, Denmark; (¢) Case 3, Stuttgart, Germany; (d)
Case 4, Stuttgart, Germany.
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The issue of today Retrofit
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9) INDOORS
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Order and alignment is dictated by efficiency, the experience
of the building is prescriptive and disassociated from the
external environment.

Order is driven by the climatic potential of elements,
curating interactions for the occupant. The wall is truly
inhabited as each space between structure and services can
be occupied. The experience of the building is organic.
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10) PERSONAL DEVICE
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PERSONAL PROTOTYPES

Design of 210 prototypes placed globally
with David Garcia (KADK)





http://www.youtube.com/watch?v=5kNCIootTWE



http://www.youtube.com/watch?v=RhcJQpJit3k



http://www.youtube.com/watch?v=az6tFOJ_bVU
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Amazon: Malaria proven - thermally comfortable units




Gobi Desert: Purified Air systems
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Main Messages

Climatic Adaptation can be pursued at different scales

Its possible to interplay with climate change as a value for multiple co-benefits
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Figure 09. Diagram of interdisciplinary
approach needed for the use of digital
tools for microclimate development
(author, 2021).

Note: Adapted from Blending
Sciences into Regenerative Design
Practice, by E.Naboni, 2019.
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GYEE ETeCHNOLOGY

download the open access book:
go to ResearchGate
go to Emanuele Naboni

Let’s be in touch!

instagram:
emanuele_naboni_climate

or email:
emanuele.naboni@gmail.com



