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Is this a Problem?





Greenland ice shield



Sea level increase

by 7 m



Q
u

e
lle

: 
h

tt
p

s
:/
/w

w
w

.f
lo

o
d

m
a

p
.n

e
t/



Q
u

e
lle

: 
h

tt
p

s
:/
/w

w
w

.f
lo

o
d

m
a

p
.n

e
t/



+1°C = + 7% water in the atmosphere

Valencia 

Region

October

2024



Our CO2-Emissions

A burden for the future

Solomon et al. 2009

Negative Emission 

Technologies (NET)

are necessary to avoid the

activation of tipping points
Climate warming [°C]

CO2 in the atmosphere [ppmv]

Carbon emissions [Gt C / a]



NET ZERO is just the beginning

Source: IPCC, NZZ

Decarbonize the energy

system

Neutralize hard to avoid

emissions

Realize negative 

emissions

Reduce CO2 as much

as possible

CO2 removal from the

atmosphere

1

2

Gt of CO2 per year Without measures

Emissions avoided

Emissions remaining

Net Zero

With measures









Empa, , 19

+40 years in life

expectancy

Life Expectancy at Birth in 

Switzerland
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Solar Energy:

1,5 · 1018 kWh/a

Global energy demand:

1.7 · 1014 kWh/a

 0.01%



Rollout of PV in the Sun Belt of the Earth

◼ Oman plans the installation of

4 GW PV until 2030 

(500 MW already in operation)

◼ Production cost: 1-2 Ct/kWh



99% of the earth are hotter than 1’000°C …



Renewable electricity capacity growth by 2017-2030









Sources for CO2 Capture



And who should
pay for this?



Atmosphere

1’280 Gt CO2 1850-2022

~ 600 Gt CO2 have to be

removed
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Carbon Capture and Storage (CCS)



Atmosphere

1’280 Gt CO2 1850-

2022

~ 600 Gt CO2 have

to be

removed

Cost estimation
Climeworks

~ €



Hasardous waste landfill

Kölliken

664’000 t contaminated

material had to be

removed

Total cost € 850 Mio

€ 1’280/t



Atmosphere

1’280 Gt CO2 1850-

2022

~ 600 Gt CO2 have to

be

removed

Cost estimation

Climeworks



Generating Added Value!



+

Energy

Hydrogen H2

Carbon Capture and Use

Pyrolysis

Import of

renewable 
energy



Covering the CH-Electricity Deficit in Winter of 8 TWh

◼ 1.5 TWh in a LNG-Tanker with 250’000 m3

◼ 50% loss due to pyrolysis -> 20 Tankers to import 8 TWh of electricity in winter



Covering the CH-Electricity Deficit in Winter of 8 TWh

◼ 1.5 TWh in a LNG-Tanker with 250’000 m3

◼ 50% loss due to pyrolysis -> 20 Tankers to import 8 TWh of electricity in winter

(today: ~ 90 tankers of crude oil over the year)







+ +

Energy

Coal C(s)

Hydrogen H2

Non-energetic use

Conversion of CO2

from the atmosphere …

… and finally

into C(s) and H2
…in synthetic

methane …

Carbon Capture and Use

Pyrolysis

Import of

renwable
energy
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Composition of man-made materials

Concrete

48%

Sand and Gravel

33%

Bricks

8%

Asphalt

6%

Metals

3%

Plastic

1% other

1%
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Carbon-rich pellets as LWA for concrete (C-LWA)

Net CO2 intensity of the pellets: -1.05 kg CO2/kg pellet (CO2 sink!)

Pelletization + cold-

bonding with cement

Physical properties:

◼ Sizes: 4-32 mm

◼ Density in cured state: 1.0-1.5 g/cm3

M. Wyrzykowski, N. Toropovs, F. Winnefeld, P. Lura

Wyrzykowski, Lura et al.

Journal of Cleaner Production (2024)





Empa Campus Dübendorf – 3 new buildings with a total volume

of 15’000 m3 concrete



CO2-Balance and Costs Concrete
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+200 kg C-pellets / m3

 + 1.5% of total project cost
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CO2-Balance Reinforced Concrete
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CO2-Balance Reinforced Concrete
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Standard Reinforced Concrete C-Reinforced Concrete

kg
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Methane pyrolysis

Alternative binder for

pellets (e.g. fly ash)

+

CO2 – free energy for the steel production

Alternative reinforcement materials



Concrete as a permanent sink for carbon

Potential as a sink

◼ Global demand for concrete ~ 35 Bio t/y

◼ 10% m/m C in concrete 3.5 Bio t C or 13 Bio t CO2



Quelle:

Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the IPCC

Slope approx.

0.45°C / 1012 t CO2



Concrete as a permanent sink for carbon

Potential as a sink

◼ Global demand for concrete ~ 35 Bio t/y

◼ 10% m/m C in concrete 3.5 Bio t C or 13 Bio t CO2

◼ Temperature reduction - 0.006°C / y

- 0.06°C / decade

- 0.6°C / century

- 1°C in 170 years



Our CO2-Emissions

A burden for the future

Solomon et al. 2009

-1°C

Climate warming [°C]

CO2 in the atmosphere [ppmv]

Carbon emissions [Gt C / a]



Carbon Capture, 

Use & Storage 

(CCUS)



CO2 Capture

Research Agenda Mining the Atmosphere

Lura, Richner et al.

Resources, Conservation & Recycling (2025)



CO2 Capture

Conversion
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Socio-econ. systems analysis
Lura, Richner et al.

Resources, Conservation & Recycling (2025)
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CO2 Capture

Conversion

Polymers

Pyrolysis

Construction

materials

Final sinks

Socio-econ. systems analysis
Lura, Richner et al.

Resources, Conservation & Recycling (2025)

Research Agenda Mining the Atmosphere





We can only do it as a team –

Sind Sie dabei?



We can only do it as a team–

are you with us?



Vision

Mining the Atmosphere

We are developing materials and processes to enable the 

transition from a CO2-emitting to a CO2-binding society.
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