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Observations started 40 years ago EMPA‘,,,
- an obligation to reduce pollutants
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Weltrdumige Verfrachtung luftfremder
Stoffe durch die Atmosphire
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Long-term time series - ' EMPAQ
- to support international protocols s
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Abatement of Transboundary Air Pollution EMPAQ
General principles Specific measures
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Protocol on Long-term Financing of the Cooperative Programme
‘ 1984

Protocols to the Convention

for Monitoring and Evaluation of the Long-range Transmission of
Air Pollutants in Europe (EMEP);

Protocol on the Reduction of Sulphur Emissions or their

1985 Transboundary Fluxes by at least 30 per cent

Protocol concerning the Control of Nitrogen Oxides or their
1988

Transboundary Fluxes
1991 Protocol concerning the Control of Emissions of Volatile Organic

Compounds or their Transboundary Fluxes

1994 | Protocol on Further Reduction of Sulphur Emissions

1998 | Protocol on Heavy Metals

1998 | Protocol on Persistent Organic Pollutants (POPs);

Protocol to Abate Acidification, Eutrophication and Ground-level

1999 Ozone, "Gothenburg Protocol" (GP); revised in 2012

Areas of Critical Loads of Eutrophication EMPAQ

by nitrogen emissions decline mm
Success of UNECE - Convention
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Effects of air pollution on European ecosystems, EEA 2014
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Global and Regional Networks e e s

Convention on Long-range Transboundary Air Pollution
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Emissions of Cl- and Br- containing substances
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Radiative forcing from controlled ODSs .t

and their substitutes has stabilized

over the past two decades
Success of Montreal Protocol

Radiative Forcing (W m?)

Various HFC Scenarias
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New Compounds - early warning e

"HFC-1234yf/HFC-1234ze(E):

a)

A Dubendorf (detectable)

® Jungfraujoch (detectable)
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Vollmer et al., Environ. Sci. Technol. 2015, 49, 2703-2708, DOI: 10.1021/es505123x

HFC-1234ze(E) [ppt]




Desflurane 2-(difluoromethoxy)-1,1,1,2-tetrafluoro-ethane EMPA°
Lifetime: 14 yr
GWP: 2540
) 9 Med Intro, ca. 1995
I 1 1 I 1 I I 1 1 I 1 1 I 1 1 I
035 0 Various sites (NH) B0
—  03f ' W
a 0.25 - .;|LJI“ gTr'a_'.J;och >¥‘3§33@/_
— : Antarctica )/_/-{3\ v
% 02k ;;\ A
2 015F -
@
O 01 8 -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2000 2002 2004 2006 2008 2010 2012 2014
Vollmer et al.,
Source Identification EMPAQ
::E_Messung des KiihImittels HFC-23 _E
™ ZGE— —E
&24::}\»-”V~\—-«—4\/I\\——A~v~/\wk "‘j\ b ‘AJ:
m/znna;zn 10 15/03/2010 01/04/2010 15/04 /2010 01/05/2010 15/0;/2010
e e S 1L =

01/03/2010 p

-Marengo

Spine

beobachtet: 26-56 t/y

rapportiert: 2.6 t/y (UNFCCC)
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Independent Emission Estimation EMPAQ
— compliance of international treaties ———
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Independent method of emission estimation
for future protocols

Continuous Observations EMPAQ
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/” CarbonSat "\ 0OCO-2 (2014)  GOSAT (2008) SCIAMACHY (2002)
(2022) Only €O,
2.3x1.3km? 87 km? 30 x 60 km?2

City

e.g., Berlin

240 km

Country

e.g., Germany
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Bernd Sierk et al. Proc. SPIE 9218, Earth Observing Systems XIX, 92181F
(September 26, 2014); doi:10.1117/12.2061930
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What do we need? R
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Technology
Transfer

Research Development Market

Demonstration
Challenges of the Future EMPAQ
Nuclear Reduction of the emission
phaseout of green house gases
2019 - 2034

Reduction of the
dependence on
foreign countries
regarding
energy supply

Other

Nuclear
Power

Fossil Fuels

Final Energy Use CH 2012
Schweizerische Energiestatistik 2012, BfE
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Facing the Challenge — Swiss Energy Strategy =«

[l hydro nuclear [ fossil rights [ renewables
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Resources and Emission, Switzerland EMPAQ
Energy Consumption CO,-Emission

Services

Industry, Services,

Farming I 14%
Buildings

Mobility]

Industry 17%

Mobility Households
Analyse des schweizerischen Energieverbrauchs Date: Emissionen nach CO,-Gesetz
2000-2009 nach Verwendungszweck, 2010, BfE und Kyoto-Protokoll, BAFU (2010)

11



Renewable fuels EMPAQ)
Unused sustainable biomass

Unused
sustainable biomass
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Switzerland has 2 - 11 TWh/a unused, sustainable biomass

that could be largely converted into biogas.
(B. Steubing et al., 2010)

PAUL SCHERRER INSTITUT

Mega-Trend in the energy sector EMPAQ)
Fluctuating energy flows (sun + wind)
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Photovoltaic S e Wind energy Qe Frognos 2012
Excess electricity in summer Stochastic Production

Simulation of electricity supply 2050 (Prognos)

= Approx. 15 TWh strongly fluctuationing electricity

= 9 TWh excess electricity (summer), if CHP/CCP are not controllable
= 4.5 TWh excess electricity (summer), if CHP/CCP are controllable
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Renewable fuels EMPAQ

Fluctuating renewable excess electricity
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Until 2050, the new Swiss energy strategy leads to
4.5 - 9 TWh/a renewable excess electricity in the summer.
(Prognos 2012).

PAUL SCHERRER INSTITUT

EMPAQ

Renewable fuels PA

Electro-chemical storage with use in electric vehicles

Electric
vehicle

Fluctuating renewable
excess electricity

Excess electricity may be stored in grid-batteries and be
used for the charging of battery electric vehicles.
Challenges: Energy- and vehicle costs, winter operation
with renewable electricity.

PAUL SCHERRER INSTITUT
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Renewable fuels
Chemical storage with use in H, vehicles

Electric
 vehicle
.

R 8
8"

Grid battery

Excess electricity may be converted
by electrolysis into hydrogen (H,)
and used in fuel cell vehicles.
Challenges: direct use of H,,
fueling station and vehicle cost.

Fluctuating renelable
excess electrici Electrolysis /

by
Hydrogen "t
o t

vehicle \\‘ "\%

PAUL SCHERRER INSTITUT

Renewable fuels EMPAQ
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Chemical storage/methanation and use in gas vehicles

.

H, may be converted with CO, (e.g. from
biogas plants) into synthetic methane
(CH,), stored in the gas grid and used in
gas vehicles.

H, may also be used as blending at the gas
fueling station, creating an interesting fuel
for internal combustion engines (ignition,
ombustion).

Challenges: Efficiency (CH,), material
degradation (embrittlement steel

clue cylinder) for HCNG.

excess electricity 72

Hydrogen* ,

vehicle \‘ ?&‘\‘%
e

vehicle

PAUL SCHERRER INSTITUT
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Diversification in the vehicle powertrain concepts and fuels

Electric
vehicle Biogas
‘] plant
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Renewable fuels EMPAQ
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Diversification in the vehicle powertrain concepts and fuels

Electric
: vehicle Biogas e
¢ plant L

‘ SNy ' s \ M

| vision: potential and the expected

)

1]

k t unused piomass t0 50%,
&% 4 th:ss electricity would o U gnhcl) erated with
# d ral 100°000 vehicles could be 0P
eve :
sc;oz-neutral domestltfnergy‘ Methanation
Flu;ilézzisnzlézltl:gs’ble Elecﬁolysisp Hz { \ ) vfl:::le

4 4
g A = o
TN =
¢ :
Hydrogen #
vehicle PAUL SCHERRER INSTITUT

15



Future Mobility Demonstrator @ Empa EMPAQ
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Renewable clean energy for a sustainable mobility

ia grid '
bk N hydrogen
generation
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hydrogen i
storage hydrogen mobility
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(n = 75 — 85%)

controller

e - mobility

A jont Research and Technology Transfer Platform (RTTP) in the ETH-domain

. EMPAQ
Conclusions R

Long-term observation is crucial
e to detect changes of atmospheric composition
e to assess trends of pollutants and greenhouse gases

Modelling of processes is essential

e to understand atmospheric processes

e to verify independent emissions

e to support national and international policy

Demonstrating new approaches is vital
e to make the change happen
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olog;

we need

Reliable, long-term observation to support
international treaties

Implementation of new technical approaches
to demonstrate the reduction of GHGs

Supporting political regulation
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