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Human induced warming is increasing at a
rate of about 0.27°C per decade, the result of
greenhouse gas emissions being at an all-time
high over the last decade, as well as reductions
in the strength of aerosol cooling.

Key indicators of global climate
change 2025:

What’s changed since AR6?

il Key greenhouse gas 2 Effective radiative . Earth’s energy
@l concentrations forcing @l imbalance

AR6 Now ARG: 2.72W m? AR6: 0.79 Wm*
CO, 410.1ppm 425.6 ppm Now: 3.10 Wm?* Now: 112 Wm?

CH, 1866.3ppb 1936.3 ppb
N,0 332.1ppb  339.4 ppb

Pl Total greenhouse gas
@l emissions

2010-2019 average: 53.5 GtCO,e
2015-2024 average: 54.6 GtCO,e
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CCUS between 1.5°C overshoot and Swiss net zero _=FrL
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The remaining space for limiting warming to 1.5°C is closing. In a world with temporary ie

overshoot, durable carbon removal becomes necessary over the long term.

For Switzerland, the near-term issue is different. Net zero by 2050 requires deep emission cuts
first, followed by a credible strategy for limited residual emissions.

CCUS is one possible part of that strategy. It can also create new dependencies: on energy,
infrastructure, geological storage, burden allocation, and future political commitment.

Key question: which Swiss CCUS policy is relevant under uncertainty? It must be broad enough

to prepare for different futures, strict enough to prevent delay, and adaptive enough to change
course when evidence changes.
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CCUS is especially difficult to govern
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Figure 1. CCUS as a difficult
governance problem.

CCUS governance is directly
affected by adjacent drivers
(dark color). These are
shaped by the broader forces
in society (light color). The
key policy challenge is
systemic, as the main drivers
interact, compounding
uncertainty.

Nick, 2026, forthcoming
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Uncertainty requires exploring divergent scenarios ~ =PrL

..High: CCUS / DAC

Carbon-technology dependency

Low: NBS only
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CCUS Stakeholder Dialo

Private advantage < shared and ecological wellbeing
Societal orientation

Legend

Yellow = stress-test scenarios

Blue = Swiss EP2050+ / DeCIRRA
Brown = IPCC / IEA roadmaps

Red outline = net zero 2050 missed

Note: Positions are indicative of scenario
orientation, not modelled coordinates.
DeCIRRA extends CROSS/CoSi 2022
scenarios to CCUS.

Figure 2. Plural scenario space

for adaptive CCUS governance.
The figure maps proposed stress-test
scenarios and selected Swiss and global
reference pathways according to their
carbon-technology dependency and
societal orientation.
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Financing CCUS for deployment, risk, and responsibility cPrL

88

PAYG funds early deployment; a net-zero fund reserves money for removals;
a damage-linked fund covers residual responsibility for future burdens.

PAYG — early start Current users / emitters pay for current capture, transport, storage,
monitoring, and contracts. Does not secure long-term obligations.

Net-zero fund — guarantee removals Mandatory contributions build a protected reserve for
durable removals, and storage liabilities. Vulnerable to underpricing and political weakening.

Damage-linked responsibility fund — global justice Payments scale with overshoot, residual
emissions, delayed action, or failed assumptions. Attribution and political acceptance are difficult.

Three complementary layers: start early — guarantee removals — ensure global justice
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Configurable Swiss CCUS net zero m odel 2025-2100

Input parameter

2025 2050 2100 on/off

sascha. nick@epfl.ch

! 1. Full spectrum -‘

2026-02-20
2025 2030 2035 2040 2045

2055 2060 2065 2070 2075 2080 2085 2090 2095 2100 C¢

Energy
Popuiation [M] 9 11 Total final energy [PJ] 1350 1322 1294 1266 1238(1210] 1219 1228 1237 1246 1255 1264 1273 1282 1291 1300
Final energy/cap [GJ] 150 110 Total domestic final energy [PJ] 810 805 801 796 791| 787| 805 824 843 862 881 900 918 937 956 975
% domestic final energy 60% 65% +CCUS energy in CH [PJ] 00 30 58 B84 10.8|13.0| 234 336 434 528 619 707 79.1 87.2 9501024
% fossil domestic energy 65% 10% Domestic+CCUS final energy [PJ] 810 808 806 804 802| 798 829 858 886 915 943 970 998 1025 1051 1077
9% fossil embodied inimports  80%  20% 9% fossil domestic energy 65% 54% 43% 32% 21%|10%| 9% 8% 7% 6% 5% 4% 3% 2% 1% 0%
Intensity domestic fossil kg CO 65 60 ht 9% fossil embodied in imports 80% 68% 56% 44% 32%| 20%| 18% 16% 14% 12% 11% 9% 7% 5% 3% 1%
Intensity imported fossil kg CO 90 70 Intersity domestic fossil (kg CO/G] 65 64 63 62 61| 60 60 59 50 58 58 58 57 57 56 56
CCUS energy intensities Intensity imported fossil kg COy/G.) % 8 B8 78 74 70| 69 68 67 66 65 64 63 62 61 60
Point-source CCS [GJ/t CO,) 38 30 (¢ Point-source CCS [/t CO,] 38 36 35 33 32| 30| 30 29 29 28 28 27 27 26 26 25
DAC [GJt CO,) 72 60 (1 DAC (G CO,) 72 70 67 65 62| 60| 59 57 56 54 53 51 50 48 47 45
CO,; storage [GJ/t CO,] 045 042 (¢ CO; storage [GJt CO,] 045 0.44 0.44 043 0.43( 042| 0.42 042 041 041 041 041 041 040 040 0.40
CCU chemicals G/t COJ) 360 280 (M CCU chemicals [GJ/t CO;) 36.0 344 328 312 206( 280 27.4 268 262 256 250 24.4 238 232 226 220
CCU fuels [GJ/t CO,] 320 290 (e CCU fueis [GJr €O, 32,0 314 308 302 29.6( 20.0| 286 282 27.8 274 27.0 266 262 258 254 25.0
CO, flows
| Domestic CO, [Mt) 342 279 218 160 103 48 44 41 36 32 27 22 17 12 06 00
Embodied CO; [Mt] 389 302 227 161 106 58| 52 44 38 31 26 20 15 10 06 02
Point-source potential [kt CO;] | 9000 5000 7000 000 5000| 4000f 3750 3sc0 a2s0) 3000 2750 2500 2250 2000 1750 1800
- i Point-source capture [kt CO,] 0 190 380 570 760| 950|1130 1310 1490 1670 1850 2030 2210 2390 2570 2750
Nature-based sinks [kt CO;] 0 1000 Nature-based sinks [kt CO;] 0 200 400 600 800|1000|1300 1600 1900 2200 2500 2800 3100 3400 3700 4000
CCS: CH storage [kt CO,] 0 50 250 CCS: CH storage [kt CO;] 0 10 20 30 40| 50| 70 9 110 130 150 170 190 210/ 230 250
CCS: EU pipeline [kt CO,] 0 800 1000 CCS: EU pipeline [kt CO;] 0 160 320 480 640| 800| 820 840 860 880 900 920 940 960 980 1000
CCU — chemicals [kt CO;] 0 150 Te CCU — chemicals [kt CO;] 0 30 60 90 120| 150| 185 220 255 200 325 360 395
CCU — liquid fuels [kt CO, 0 Tt CCU — liquid fuels [kt CO;] 0 30 60 90 120| 150| 435 720 1005 1290 1575 1860 2145 R‘
o ) DACS [kt CO] 0 40 80 120 160| 200( 380 560 740 920 1100 1280 1460 1640 1820 2000
DACS [kt CO,) | Ferritorial co, (M 342 276 21.1 148 88| 28] 23 15 08 00 -08 -17 -25 -34 -43 -53|Ge
Electricity cost CHF/MWh 60 175 175 Ef Electricity cost CHF/MWh 60 83 106 120 152| 178 175 175 175 175 175 175 175 175 175 176
Nature-based [CHF/t CO,) 250 250 | Nature-based [CHF/t CO,) 250 250 250 250 250( 250 250 250 250 250 250 250 250 250 250 250
Point-source capture [CHF/t CC 200 120 Point-source capture [CHFA CO,] 200 184 168 152 136| 120[ 118 116 114 112 110 108 106 104 102 100
Storage cost [CHFACO] 200 100 Storage cost [CHF/t CO,) 200 180 160 140 120( 100| 97 94 91 88 8 B2 79 76 73 70
CCU — chemicals [CHF/ CO;] 3000 1500 CCU — chemicals [CHFACO,] 3000 2700 2400 2100 1800|1500( 1470 1440 1410 1380 1350 1320 1290 1260 1230 1200
CCU - fuels [CHFACO,] 3000 2000 CCU —+ fuels [CHF/t CO,) 3000 2800 2600 2400 2200|2000 1950 1900 1850 1800 1750 1700 1650 1600 1550 1500
DACS cost [CHF/t CO,) 1200 600 DACS cost [CHF/t CO,) 1200 1080 960 840 720| 600 565 530 495 460 425 390 355 320 285 2850
Carbon price [CHF/t CO,) 0 350 Carbon price [CHF/ CO,) 30 94 158 222 286| 350| 415 480 545 610 675 740 805 870 935 1000
&mmccamcspumi 250 120 Subsidy for CCS/DACS [CHFACC 280 224 198 172 146| 120 118 116 114 112 110 108 106 104 102 100
Subsidy for U [CHF/t CO, 100 80 Subsidy for U [CHF/t CO,) 100 9 92 88 84 8| 72 64 56 48 40 32 24 16 8 0
Net Zero Fund (Polluter pays) [C 280 280 Net Zero Fund (Polluter pays) [CHI 0 280 280 280 280| 280 280 280 280 280 280 280 280 280 280 280
Net Zero Fund interest rate 25% 2.0%
| | Nature-based sinks [MCHF] 0 50 100 150 200| 250| 325 400 475 550 625 700 775 850 925 1000
Risk dimension 2050 Point-source capture [MCHF] 0 35 64 87 103| 114| 133 152 170 187 204 219 234 249 262 275
Net zero 2050 reached 0 =5Mt >5Mt 29 |Ri DACS [MCHF] 0 43 77 101 115| 120| 215 207 366 423 488 499 518 525 519 500
Overshoot / CO, to 2050  <90% <115% >=115% 107% | C. CH storage [MCHF] o 2 3 4 5 s 7 8 10 11 13 14 15 16 17 18
Tech deployment <0.25 Miz1.5 Mt >1.5 Mt 1.35 | T EU pipeline [MCHF] 0 20 51 67 77| 80| 8 79 78 77 77 75 74 78 72 70
CCUS energy burden <3% <10% >=10% 2% |G| CCU — chemicals [MCHF] 0 81 144 189 216 225| 272 317 360 400 439 475 510 542 572 600
<20% <B0% >=60% 94% |E| CCU — liquid fuels MCHF] 0 B4 156 216 264| 300| 848 1368 1859 2322 2756 3162 3539 3888 4208 4500
CCU energy cost <70% <100% >=100% 70% |E| Total cash out McHF] 0 324 595 814 980|1094|1880 2621 3318 3971 4580 5145 5666 6142 6574 6063
Net Zero Fund >110% >=90% <90% 148% [N
PAYG coverage (infout)  >150% >95% <=95% 165% | P/ CO, tax PAYG [MCHF] 1027 2626 3452 3543 2938(1679| 1845 1950 1988 1955 1845 1654 1378 1013 554 0
Taxpayer subsidy S [MCHF] 0 38 67 88 99| 102 105 108 111 113 116 118 120 122 123 125
Taxpayer subsidy U [MCHF] 0 6 11 16 20| 24/ 45 60 71 76 76 71 61 46 25 0
Total cash in pacHF] 1027 2670 3530 3646 30581805| 1995 2118 2170 2144 2037 1843 1559 1180 703 125
 Net PAYG balance [MCHF| 1027 2346 2935 2832 2078| 711 115
Net Zero Fund flows [MCHF] o] 7663 saz2| 40sa| 2a76| 774| 48s| 201 78| -352) -620] -882]-1138 1386 1628 - 1863
Net Zero Fund interest rate 2.5% 2.4% 2.3% 2.2% 2.1%|2.0%(1.9% 1.8% 1.7% 1.6% 1.5% 1.4% 1.3% 1.2% 1.1% 1.0%
Net Zero Fund total [GCHF] 0.00 7.6642.34 72.14

€O, Balance [Mt CO, from 2030]

- 2761492239112

Swiss CO, emissions
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002 flows

Modeled scenarios

1. Full spectrum

2. Tech-driven

3. Fragmented futures
4. Commons focus
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Net zero fund

1.5°C carbon
debt in 2100 VAl ]

=== Net ZeroFund flows "= Net Zero Fund tota T NetZevo Fundflows =% Net Zero Fund total

(a) Scenario 1 - Net Zero Fund (Polluter pays) (b) Scenario 2 - Net Zero Fund (Polluter pays)

et 1

Modeled scenarios
1. Full spectrum
2. Tech-driven .
3. Fragmented futures L A— |
4. Commons focus

—— NetZeroFundflows % NetZero Fund tota ¢
Net Zero Fund flows Net Zero Fund tof 0, Balance i S e B

CCUS Stakeholder Dialogue, 15.06.2026 (c) Scenario 3 - Net Zero Fund (Polluter pays) (d) Scenario 4 - Net Zero Fund (Polluter pays)



2050 risk COmparison Modeled scenarios

1. Full spectrum

2. Tech-driven

3. Fragmented futures
4. Commons focus

Risk Indicator (2050) Value Risk Indicator (2050) Value Risk Indicator (2050) Value Risk Indicator (2050) Value
{ Territorial CO, 2050 [Mt] 2.9 i Territorial CO, 2050 [Mt] 12.6 i Territorial CO, 2050 [Mt] 235 1 Territorial CO, 2050 [Mt] -1.8
i €O, Overshoot 2025-2050 [%] 107% i €O, Overshoot 2025-2050 [%] 146% i1 CO, Overshoot 2025-2050 [%] 173% i CO, Overshoot 2025-2050 [%]  80%
i Tech deployment 2050 [Mt] 1.35 i Tech deployment 2050 [Mt] 4.70 i Techdeployment 2050 [Mt] 0.75 i Tech deployment 2050 [Mt] 0.07
i CCUS energy burden [%] 1.7% i CCUS energy burden [%)] 4.4% 1 CCUS energy burden [%] 1.4% i CCUS energy burden [%)] 0.4%
1 EU storage dependency [%)] 94% i EU storage dependency [%)] 91% i EU storage dependency [%)] 80% i EU storage dependency [%)] 0%
1 CCU energy cost [%)] 70% i CCU energy cost [%] 87% 1 CCU energy cost [%] 73% 1 CCU energy cost [%] 58%
i NetZero Fund coverage [%)] 149% i Net Zero Fund coverage [%)] 118% i Net Zero Fund coverage [%)] 41% i Net Zero Fund coverage [%)] 150%
i PAYG coverage (in/out) [%] 165% i PAYG coverage (in/out) [%] 36% i PAYG coverage (infout) [%)] 72% i PAYG coverage (in/out) [%)] 67%

(a) Scenario 1 (b) Scenario 2 (c) Scenario 3 (d) Scenario 4

CCUS Stakeholder Dialogue, 15.06.2026 EPFL S4S CCUS Project WP7: Policy, Governance, Financing 10



Impact of policy packages on five principles =PrL

| Yeypis

Policy package Type Wellbeing Sufficiency :T]eedquucjiies E?f:gposmg cNo()r:\tergZL:mtche U

economy —
P1. Broad sufficiency transformation N 3 3 2 3 2
P2. Restrict high-carbon BAU R 1 3 1 2 2
P3. Ecosystem restoration and land-use integrity N+R 2 1 1 2 1
P4. Residual-first and selective CCUS deployment R+C 1 2 1 2 1
P5. CCUS infrastructure and cross-border storage C 1 -1 0 1 0
P6. Public-interest governance and anti-capture rules N+R 1 1 3 3 1
P7. PAYG tax-and-support finance C 0 0 -1 0 -1
P8. Polluter-pays reserve fund R+C 1 1 2 1 1
P9. Damage-linked responsibility fund R+C 1 2 3 2 2
P10. Binding adaptive review, deliberation, trigger points T 2 2 2 1 1

Policy types: No-regret (N) policies are useful across most futures; Contingent (C) policies depend on specific conditions
being met; Restrictive (R) policies limit lock-in, overuse, or capture; Trigger-based (T) policies are activated, paused, or

revised when monitored thresholds are crossed
C/\_/UO O ldKrel 1oluer LJIU.IUQUB, 10.U0.£Uz0 CrrL O40 LULUUO rTojelL VvV /. FOnCy, aovellidiice, rirarci Ig 11
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Policy sequencing and contingency triggers PrL

= QAQ
Policy domain 2026-2034 2034-2042 2042-2050 2050+
L h suffici transf tion i
Demand reduction and aunF > |C|fe'ncy fafs orma'lon = Tighten high-carbon BAU restrictions if Prevent rebound in energy- and Keep demand within ecological and
Hici housing, mobility, food, materials, and Al ares] in high. [R/T1] tarialintenst o (N/R/T1] lIbeing limits. [N/R/T1]
sufficiency Sharedifrasmichre. [N] residual emissions remain high. material-intensive sectors. wellbeing limits.

; s : : : Tighten residual definitions if excessive Restrict support to emissions Reassess residual categories as
Residual definitions and Define narrow residual categories and S lassifi P ft Hici ffici hnologl deoclal ¥
e L mitigation hiecarcvy INJR] emissions are classified as remaining after sufficiency, efficiency, technologies and social practices

’ hard-to-abate. [R/T1] substitution, process change. [R/C/T1] evolve. [T1/T2]
: : : Scale only where performance, energy, e : ’ :
CCUS deployment Support selective residual-sector pilots cost, legitimacy, and residual criteria Deploy only for remaining residuals Shift towards carbon-debt reduction

with public data sharing. [N/C] under public-interest conditions. [C/R] and long-term stewardship. [C/T6]

are met. [C/T2/T5]

Plan shared infrastructure, MRV, Build hubs and storage chains only . » Maintain storage stewardship,
Infrastructure and e 2 : - Operate under access, integrity, G :
ot hordor sone liability rules, and bilateral storage where volumes and treaty integrity liability, and public-interest rules. [C/R] monitoring, liability, and treaty review.

g agreements. [N/C] justify them. [C/T4] Y, p . 3 [N/T4]
Establish transparency, lobbying, Audit rent extraction, subsidy Tighten controls if CCUS infrastructure . . . .
: < 2 : : Maintain oversight; tighten if

Governance and anti-capture ownership, funding-cap, and dependence, concentration, and or finance becomes concentrated. Haton Lk ok [N/T5]

public-interest rules. [N/R] control of infrastructure. [R/T5] [R/T5] CORPCINAALOIVEvEa REHMTY:

Use reserve funding as backbone;
Shift from PAYG toward reserve and strengthen damage-linked
responsibility-based funding. [N/C/T3] contributions if carbon debt remains
high. [N/C/T3/T6]

Start reserve accrual and
Funding models damage-linked accounting; use PAYG
only for pilots. [N/C]

Finance long-term stewardship,
liability, and carbon-debt reduction.
[N/T6]

Trigger legend Policy-type notation
T1 residual emissions too high N = no-regret / robust
T2 CCUS energy or cost burden too high C = contingent

T3 fund coverage too low R = restrictive

T4 storage access or treaty integrity unreliable T = trigger-based

T5 legitimacy, concentration, or anti-capture safeguards weak
T6 1.5°C carbon debt remains high after reaching net zero

CCUS Stakeholder Dialogue, 15.06.2026 EPFL S4S CCUS Project WP7: Policy, Governance, Financing 12



Configurable Swiss Net Zero Model

Net Zero Fund (Polluter pays)|

@ Extend to 2100 Dual graphs " o !
< oy
Your Feedback ¢ Reset @ | Results of other scenarios
Q
> Load other baseline values ‘
i P ITTTme
Societal » — " P \g,.(.:%/"
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2070 +281 Mt
150k
Scenario Scenario 1 All scenarios = -
20( e}
=) o, s
Scenario 1 - Full Spectrum v 7 > R g
Risk Indicator (2050) Value
Territorial CO, 2050 [Mt 29
Start Challenge - e 50k 100
1 CO, Overshoot 2025-2050 [%] 107%
1 Tech deployment 2050 [Mt] 1.35
0
1 CCUS energy burden [%] 1.7%
+ EU storage dependency %] 94% 2025 2050 2075 2100
Energy 1 CCU energy cost [%] 70% Year
i+ Population [M] i NetZero Fund coverage [%]  149%
2050 2100 1+ PAYG coverage (in/out) [%] 165% ==®= Net Zero Fund flows [MCHF] ~=®== Net Zero Fund total [MCHF)] ™= c0, Balance [t CO,) E
11.0 13.0
—_—) —

i Final energy/cap [GJ]
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http://ccusnz.epfl.ch

Adaptive CCUS governance without lock-in cPrL

$4$

7% cC

Swiss CCUS policy should prepare credible options for residual emissions and durable 7 1\,
removals, while limiting dependence on uncertain future conditions. Implications: ie

1. CCUS policy should be residual-first: deployment should follow from clearly justified
remaining emissions.

2. Policy must be tested across multiple futures, because the same CCUS strategy can
produce very different outcomes for CO, volumes, energy demand, risks, costs, and
future obligations.

3. Governance should combine clear normative principles with adaptive mechanisms:
monitoring, milestones, financing rules, liability provisions, and contingency triggers.

The goal is to build a policy approach that adapts as evidence, technologies, social choices,
and climate constraints change.

CCUS Stakeholder Dialogue, 15.06.2026 EPFL S4S CCUS Project WP?7: Policy, Governance, Financing
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