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How to achieve net-zero?
5 pillars: renewables, efficiency, electrification, hydrogen, carbon capture
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IRENA (2022) World Energy Transition. UC@



Very little carbon budget left = need for speed!
We can only emit 500-1000 GtCO, for the rest of the century (1.5-2.0C)

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

No climate policies
41-48°C

- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

Current policies
S0Gt e . 2.5-2.9°C

- emissions with current climate policies in
place result inwarming of 2.5 to 2.9°C by 2100.
Greenhouse gas emissions

up to the present
P P | Pledges & targets (2.1 °C)
- emissions if all countries delivered on reduction
pledges resultin warming of 2.1°C by 2100.
0 2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022.
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

Ritchie, H., Roser, M. (2020) CO2 and Greenhouse Gas Emissions - Our World in Data UC@


https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=current-climate-policies-will-reduce-emissions-but-not-enough-to-keep-temperature-rise-below-2c#key-insights
https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=current-climate-policies-will-reduce-emissions-but-not-enough-to-keep-temperature-rise-below-2c#key-insights
https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=current-climate-policies-will-reduce-emissions-but-not-enough-to-keep-temperature-rise-below-2c#key-insights

Cheap solar and wind
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How solar is outgrowing all expectations
Solar supply chain ready for net-zero

Dawn of a New Era

The solar supply chain is already shaping up for net zero

Cumulative solar

Planned annual
installations to date polysilicon capacity needed for net zero,
2030-2050

Source: BloombergNEF, International Energy Agency, JinkoSolar

Annual installation Forecast 2023 solar

Sources: IEA; Energy Institute; BloombergNEF ~ Forecast year

On average, actual installations T 600
hava been more than three
s higher than their
rear forecasts
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Wind and solar have scaled up faster than any other

technology in history

It took 8 years for solar to go from 100 to 1000TWh and then just 3 years to pass 2000 TWh

Global electricity generation per source, by years since passing 100 TWh*

Solar
2000

1000

100 | ; ; ' ' ‘ ' :
0 5 10 15 20 25 30 35 40 45 50 55

Years since generating 100 TWh

Source: Wind and solar generation data from Ember's yearly electricity data. Nuclear, gas, coal and hydro data from
Pinto et al. (2023)

7 This graphic is based on a chart by Nat Bullard https://www.nathanielbullard.com/presentations
*Data only shown until the point where each source generated just over 2,000 TWh
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Large infrastructures,

part of one interconnected system
Electricity, heat, gas, CO2, and fuel system
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Sterner and Staedler (2019). Handbook of energy storage. UC@



°o_ @ ° ° 1.Renewable energy
New capacities to serve a quickly growing demand
Future electricity demand might grow 2-5x

Electricity Demand (GWh)
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Conservative = 2x

Aggressive = bx
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Flannagan, Petrie, Peer (2024). Energy megatrends impact on Aotearoa’s energy future. Capstone report UC@



° ° ® ° .Renewable energy
To plan this future system, we use optimization
Minimize investment and operation costs, s.t. meeting future demand

REMix
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Canessa et al. Optimising New Zealand’s Energy Transition: Introducing REMix-NZ’s Insights into Transition Pathways and Green Hydrogen Export Scenarios. Submitted.y 1oz
Classification: In-Confidence LJCQ’



1.Renewable energy

We compared REMix to EP-ALISON-LUT mode

Structure and target function (

-t

*Interaction between EnergyPLAN (EP) and add-on model
*Conventional PP and CHP are still modelled in EP
*Total electricity demand and hydrogen demand taken from EP

Fixed PP electricity generation
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Keiner et al. (2023). Future role of wave power in the Seychelles: A structured sensitivity analysis empowered by a novel EnergyPLAN-based optimisation tool.

13 Gulagi et al. (2025). Analysing techno-economic impacts of integrating wave power to achieve carbon neutrality and e-fuel exports: A case for New Zealand. Energy..UC@



... and against PyPSA
+Impact of hydrogen offtaker regulation on expansion planning

kA

2.0 GW

. 0.1GW . Case studies
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(a) 0 TWh cxpurt 1. Generation, Transmission, and Storage Capacity Expansion Planning
(C) 10 TWh export ' 2. Economic analysis (e.g., System LCOE, Expansion CAPEX, Tech cost uncertainty)
Uemand raster 3. Operational reserve analysis (built-in PyPSA-GenX model coupling)

Policies & legislation

T Gurobi Solver ‘ 4. Different weather year impacts on overall system planning
(CAPEX gziM e Land classification Optimal solution: Least cost system .‘ 5. Multi-sector transition based on scenarios (e.g., Net Zero, Business as Usual, Disruptive Future, etc.)
' T Elevation Various emission scenarios (limits) 6. Step-by-step development plan for policymakers (short-term and long-term)
_‘ Time horizon: 2030-2040-2050-2100 SUROB! T G T

14 Schumm, Haas, Peer, Sterner: The Role of Hydrogen Offtaker Regulation in Highly Renewable Electricity Systems. Under review in Energy. UC@



Capex in 5-year intervals [b€]

.
Global renewable transitions: costs are manageable

Investments = 2% of global GDP
(70T€/30y =2.3T/y out of 100T/y)
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Bogdanov et al (inc. Breyer) (2021) Low-cost renewable electricity as the key driver of the global energy transition towards sustainability. Energy UC@



1.Renewable energy

Largest infrastructure challenge of our time
Net zero based on solar!
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How do these expansion models deal with

multi-year variability & uncertainty?
Not Very Welll...

Perfect Foresight

Assumes full knowledge of future weather and inflows, optimizing both
investment and dispatch for a single (or multi)“representative” year.
Unrealistic operations, such as full depletion of hydro reservoirs.
Ignores year-to-year variability in renewable resources.

Fails to reflect real-world uncertainty and forecast errors.
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1.Renewable energy
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Zegeer M., Philpott A., Haas J., Peer R., Read E.G. Implicit modelling of Hydropower Uncertainty in Capacity Expansion tools: Understandin: long-duratiOILJ @

storage from hydrogen and hydropower in New Zealand.

orking paper.
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2. Energy and carbon efficiency

Iron anet ste X
Cf - g
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o, Building sector
~3(0)%
of emissions

Ritchie, H. (2020) Climate Watch, the World Resources Institute, OurWorldinData.org Research and data to make progress against the world's largest problems.

UCe



2. Energy and carbon efficiency

New advanced buildings to save 20%+ emissio

a) Net global GHG emission pathways (acc. IPCC SR 1.5)

Target: Net zero life cycle GHG emissions, i.e. embodied and operational, by:
i) year 2040 for ‘1.5°C pathway' i) year 2055 for ‘well below 2°C’ scenaric
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| I
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Roeck et al. (2020). Embodied GHG emissions of buildings — The hidden challenge for effective climate change mitigation. Applied Energy. UC@




But buildings operations are impacted by future climates

Cooling demand +100%. Heating demand -33% 09|

Heat when cheap 0.8
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23 Zegeer M., Peer R., Haas J. “Can Residential Energy Systems Withstand the Heat? Quantifying Solar Photovoltaic and Heat Pump Yields for Future New Zealand UC@
Climate Conditions.” Environmental Research: Infrastructure and Sustainability. 2025
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3. Electrification

Electricity Heat Transport
Gas heating
Losses
By
o
=]
85 % efficiency
Heat pumps
Losses
] :
o Ambient heat
S
E
o
=

340 % efficiency

* The efficiency of internal-combustion engines in other applications (e.g. maritime transport, engine-driven power plants) can exceed 50 %.
25 Brown. T (2018). Response to ‘Burden of proof: A comprehensive review of the feasibility of 100% renewable-electricity systems’ UC@



3. Electrification

Electricity Heat Transport

Internal-combustion engine

==
a3
o
o
Propulsion
25 - 40 % efficiency*
Electric mobility
2
- Losses
: Renewable .
= electricity Propulsion
80 % efficiency

* The efficiency of internal-combustion engines in other applications (e.g. maritime transport, engine-driven power plants) can exceed 50 %.
26 Brown. T (2018). Response to ‘Burden of proof: A comprehensive review of the feasibility of 100% renewable-electricity systems’ UC@



Electrification leads to 40% reductions
in final energy
The “primary energy fallacy”

Global final energy demand pre- and post- energy transition
Final enerpy demand will decrease as sectars such as transport and heating are electrified in the
energy transition. Energy demand is Mgund 40%: lower post-transition due to these efficiency gains.

Traditional biamass

Critics of the energy transition
often point to primary energy to
demonstrate that the transition is
going to be impossible.

: 247TEJ
But most consumed primary
energy is lost after conversion

“The problem to solve is a lot
smaller than primary energy

suggests” 1
(Jan Rosenow 2024)

Current Energy System Past-Transition Energy System

Source: Mick Eyre [2021). Fram using heat to using work: recanceptualising the zero carbon energy transition. «
Auwithor: Hannah Ritchie

Eyre (2021) From using heat to using work: reconceptualising the zero carbon energy transition. Energy Efficiency. UC@


https://x.com/janrosenow/status/1783078508165501360

Bottom-up modelling of households' energy
demand as input for capacity planning

Tool: resLoadSIM - Residential Load SIMulator
by the Joint Research Center - European Commision

iphe

* Electrification scenarios including
varying adoption rates of electric vehicles
and different heating technologies

¢ Qutputs: high resolution residential multi-
energy load profiles at neighbourhood or

city level
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3. Electrification

Simulation requirements

Number of Number of
days households

Tool

resLoadSIM

Outputs N

Minute-resolution of
multi-energy loads

R @A -

Space  Electricity Domestic
heating hot water

gpmﬂmm
LFLEXIGIS -H,

Steidl et al. (2025). High-resolution residential energy load profiles under varying electrification scenarios for New Zealand and Germany using resLoadSIM [Data set]. Zenodo.

28

Steidl et al. (2025). High-resolution residential energy load profiles under electrification scenarios for New Zealand and Germany. Submitted. UC@


https://github.com/FlexiGIS

Bottom-up, GIS-based optimization of renewable
energy technologies and hydrogen at city level

GIS-based

n
g ié"ﬂﬁ E"’]g}&il G I S H FLEXIbilisation technologies using Geographical open-source
A developed in @ python 2 Information Systems for H, integration » high spatial and temporal resolution
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Steidl et al. (2025) Green hydrogen production potential in New Zealand cities: A bottom-up geospatial approach. Submitted.
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2-million NZD (MBIE) + 0.5 million EUR (BMBF)
. Hydrogen
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Clean hydrogen demand scenarios for New Zealand

Applications relevant to New Zealand

Clean Hydrogen Ladder

A W\ ST

[ Shipping ][Jet Aviation ]( Steel ] [Long Duration Grid Balancing]
( Coastal and River Vessels )( Non-Road Mobile Machinery ) Vintage and Muscle Cars ) ( Biogas Upgrading )
[Long Distance Trucks and Coaches][High-Temperature Industrial Heat)

[Commercial Heating]

_ i ‘ [ Light Aviation ] [ Remote and Rural Trains )(Local Ferries]
u [Metro Trains and Buses]

‘ [Mid/Low-Temperature Industrial Heat][DomestiC Heating}

Vatankhah Ghadim et al., How much hydrogen could we need in New Zealand? ..., Journal of the Royal Society of New Zealand, 2025 UC@
Liebreich M., Hydrogen Ladder Version 5.0, 2023, https://www.linkedin.com/pulse/hydrogen-ladder-version-50-michael-liebreich


https://www.linkedin.com/pulse/hydrogen-ladder-version-50-michael-liebreich
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Potential hydrogen demand in New Zealand

By application

H, rule of thumb

1MTon/y

Hydrogen demand (Mt) 10GW electrolyzers
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 20GW renewables

rung A 30B$ investments
40TWh

[ High: Termperature Incisinal Heat |

Exports? International hydrogen
e market ~300 MTon/y (100-700)

—— MBIE Base (2021)

= ==MBIE Max (2021)

| |—4— BP energy Outlook (2020)
—4&— BNEF (2022)

—&— Hydrogen Council (2021)
| |—&—Wood Mackenzie (2022)

=
=
=]

=3
2
=]

b

72_,‘ —&—[EA (2021)
E /00
g
Applications: B Coastal and River Vessels C M Light Aviation F E 400
. Fertiliser A . Non-Road Mobile Machinery . Remote and Rural Trains g
B Methanol [ vintage and Muscle Cars | Local Ferries _5 300
Il Shipping B Biogas Upgrading B VMetro Trains and Buses G El
M stee! [l Long-Distance Trucks and Coaches D [l Cars 200
[ Jet Aviation High-Temperature Industrial Heat [ Mid/Low-Temperature Industrial Heat ol L - -
Long Duration Grid Balancing (Multi-year) | Commercial Heating E Domestic Heating
o | | !
2020 2025 2030 2035 2040 2045

Year
34 Vatankhah Ghadim et al., (2024) How much hydrogen could we need in New Zealand? ..., Journal of the Royal Society of New Zealand.

https://www.esmap.org/Hydrogen_Financing_for_Development
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12-million NZD (MBIE)

e 4. Hydrogen
liversity m:’?&;ﬁ:{r QGTK

Puhiko Nukutu: a green hydrogen geostorage battery in Taranaki
Nicol A, Dempsey D, Adams M, Morgan K et al. (inc. Peer R).

Injection

Storage mechanisms

R b
Geologic On-site Pipeline
tanks

networks

Spatial configurations

i

Descentralised

Centralised

Classification: In-Confidence
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South America as a H2 continent with low risk of scale el
Adding 20% of electricity demand to serve 8% of the hydrogen market

2500 Barranquill

Hydrogen production can lower
average electricity costs

[
(=)
(=]
o

= <

B S

O 1500 . E

a B Wind b

5 mCSP -

b Solar PV v

§- 1000 . B Gas Ric de Janeiro 9; 0%

] - u Hvdro Santiago = —— 107
] == o °

—] — M Coal ‘=
® 500 s —4—15%

a 2
- o —0—20%

)]

1]

0 Total installed capacities ©

2025 2035 2045 — SATEW 0>J

Year — >5GW and < 10 GW <

— >2GWand<5GW

2025 2035 2045
Year

20% of continents demand ~1000
TWh/a = 8% of H2 market

36 Galvan, Haas et al. Exporting sunshine: Planning South America’s electricity transition with green hydrogen. Applied Energy 2022 UC@
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Carbon capture to compensate for overshoot
and for green molecules

Carbon budgets 2024 set to be hottest year on record
. s 1.5°C 2°C Global average temperature by year, compared with the
Carbon bUdQEts and emissions (>50% (83%) pre-industrial average, 1850-1900

I
2024 —

& Cumulative CO, emissions (GtCO,) historical | since 2020 i
I

1
]
1
| +1.5C
0 1000 2000 0 593 11000 1500 200
]
Historical emissions 1850-2019 :
]
I this line indicates +1.0C
: maximum emissgns ’
._n to sta ithin 2°
Remaining 1.5°C (>50% chance) ; of wa;ml?;?g (with

83% chance)

carbon budgets
2°C (83% chance)

+0.5C
2°C (>67% chance)

2020-2030 CO, emissions | pre-
assuming constant at 2019 level industrial

average | 1 1 |
Lifetime emissions from fossil fuel Existing 1940 1960 1980 2000 2020
!;‘gfastfuft“’e ""'.’"hom additional abalemegl' Existing and Provisional estimate for 2024, based on January to October temperatures
IT nistorical operating patterns are maintaine planned Source: ERAS, C35/ECMWF [5]s]c]

ARG report (IPCC, 2023)
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Afforestation: Planting trees, even in deserts

Afforestation DACCS (low-temperature DAC) BECCS
with RE-
desalination
92 (2050)
Cumulative global potential  GtC0; no obvious limit 178-1,170 (sustainable potential is lower)
730 (2100)
7 (20500 8 (COR demand in 2050)
frt_qo" sustainable deployment: 3-5 GICO; yr—!
14 (2100) 37 (peak deployment in 2100)
Average global CO;
sequestration rate
Mtco, 0002 (2050) 0.003-0.002 (2100)
kml'? 2.5 (2050)
¥ 0.005 (2100) 0.0025-0,0004 (current)
214 (2050) 54 (2050; in regions with solar and wind conditions akin to the :
Average cost (range) fclé'}fl‘ Maghreb region) for DACCS: CO; transport and storage may be €45 ;ﬁg}?&ﬁg;ﬁﬁg{'l';;:ﬁ:';g:rer 2050
2 49 (2100) per tC0; (near-term) and €30 per tCO; (long-term)
The price of emissions allowances in the EU and UK
Cost per tonne of carbon dioxide produced (in £ or €) UK (£ per tonne)
Like current
EU carbon tax

01-Jan-21

EMB=R

5. Carbon capture

Afforestation and reforestation

Afforestation (planting trees) and
reforestation (replanting trees where
they previously existed) enhance
natural CO2 “sinks”

Fix CO2 in:
* timber (100y)
« afforestation with
desalination in deserts

IPCC Report 2018. FAQ Chapter 4.

Caldera and Breyer: “Afforesting arid land with renewable electricity and desalination to mitigate climate change”. Nature 2023 UC@


https://www.airbus.com/en/newsroom/press-releases/2022-07-airbus-air-canada-air-france-klm-easyjet-international-airlines
https://www.airbus.com/en/newsroom/press-releases/2022-07-airbus-air-canada-air-france-klm-easyjet-international-airlines
https://www.airbus.com/en/newsroom/press-releases/2022-07-airbus-air-canada-air-france-klm-easyjet-international-airlines

BECCS: Bio-energy with Carbon Capture and Storage

Bioenergy with Carbon Capture and Storage (BECCS)

Atmospheric COz2 is absorbed
by plants and trees as they
grow and then the plant
material (biomass) is urned
into bioenergy

The COz2 released in the
production of bioenergy is
captured before it reaches
the atmosphere and stored
underground

BECCS is combo-breaker:

* electricity

* heat

* seasonal storage
* negative CO2

fossil fuels

Atmosphere

/’r“ ] IB

fossilfuels Wind,solar, o onarey  bio-energy

withccs  geothermal, with CCS
nuclear, hydro

Lithosphere

IPCC Report 2018. FAQ_Chapter 4. UC@




BECCS+Geothermal

5. Carbon capture

Bioenergy with Carbon Capture and Storage (BECCS)

Atmospheric COz2 is absorbed
by plants and trees as they
grow and then the plant
material (biomass) is urned
into bioenergy

The COz2 released in the
production of bioenergy is
captured before it reaches
the atmosphere and stored
underground

Bioenergy+CCS+Geothermal

&g

A
Blogemc

Forestry
Residues

2PF

Steam

" 1
Biogenic

co,

I
| __:I OEC1

Air

Brine

» Enhance geothermal fluid with forestry residues

Save costs on wells and transport
NZ’s geothermal fields 2-5 Mt/year

Capture and dissolve CO2 in aqueous dissolution

BECCS+Geothermal: ultimate combo-breaker

Titus et al. 2024. Reimagining geothermal power plants: Green Hydrogen, Lithium and CO2 removal from New Zealand’s future geothermal stack. NZGW46. UC'@




Building blocks of SAFSC for New Zealand

Resource potentials, techno-economic assumptions, and logistics parameters

RE potentials Water potentlal Biomass potentlals Carbon potentials

Solar/onshore wind: PyPSA/Atlite Water potential data:

v Biomass data: S Carbon data: P
Hydro/Geothermal PyPSA-NZ results - Inland water: - lignocellulosic - Existing potential: &
Accessible (municipal wood, Aggregated fossil =
Possible additions: e industrial wood €O, emissions per =
- Offshore wind 5 : processing waste, region
- Trans-Tasman link PyPSA/atlite - Sea water: forest residue, _ DACCS

Theoretically, etc.)

Possible additions: /
- Agricultural: corn, o - : - 4
<l lC &ﬂﬁﬂ Separation of bio -

} L -genic and industrial {0
o,
- Animal: Dairy waste, o7 G BIGENEREY source points : 4;.»\” ~~~~~~~~~

2030 i 1" 2030 s : infinite. Depends
v ] on the electricity 4"
f : f L copaciy. &
: . 4 pig farm effluents. e - BECCS potential

Electricity costs Other costs alpha/beta matrices Transport logic table

NREL ATB 2024: TINREL

A e tionet e Biomass costs: Alpha matrix: Freight transportation: (\\
= projections ror solar , onsnhore _ 5 . - _ - . .
wint, nifahors wint, aAtl geothermal SCIQN. .ReS|dual biomass fuel Consumptloq/productlon rates - Road: Distances,
EECA: O A projection for New Zealand of technologies prod., stor., and
- LCOE for hydro power (assumed Carhon price: * Efficiency rates are included for all the demand ports
constant for future) _ conversion/production technologies. : .
LI ) g d - Coastal: Distances,
— Technology costs: Beta matrix: binary logic table
- Danish Energy Agency, 2025 - Input/output rates of resources for regions o
- Solomon Oyewo et al. 2024 * Energy content-adjusted beta values . Rail: not w/ 5:',{1
- Farajiamiri et al. 2023 for different biomass resources el & TE MANATG WAKA
Vatankhah Ghadim H. et al., "What Will It Take to Fly Clean in New Zealand? A National Sustainable Aviation Fuel Value Chain Analysis". (Working paper)
NIWA, SCION/BioEnergy, MfE, NREL ATB v2.0 2024, MBIE's levelized cost tool, DEA 2025, MoT
RWTH

Classification: In-Confidence



5. Carbon capture

Derisking Carbon Dioxide Removal at Megatonne Scale in Aotearoa
Universities of Canterbury, Waikato & Auckland, Scion, GNS Science

Moarketability investigations

Techno-economic assessments with co-benefits

Economic
Bia-H, ' Fertilizer Low-CO, @
$ electricity @ offset @ Cement ?{‘
P‘-'-'“CV Meonitoring Reporting Verification
o
=
i —
Environment Geothermal Waterways % Waste
impacts impacts L.‘;\ i recycling

7

Managed forest
Impacts

3 (D) 49

= Bioenergy capture | Rock weathering | Bioash capture
2 i ion
= & dissolutio
* i | W =
£ g+ | g
(S Ll N
| ] "T‘
I i 1
Chemical CO, mineralization experiments on Basalt, Geothermal rocks, Bioash
c = &
5 A, 7 < o ﬁ% |
—
(]
=
E Project Dissalved storage Field trials
§ appraisal - ﬁ
- .. ¥
8 1=l a D o L | o
= oo ™ *
= - +
I
!:; System Mational-scale, deployment pathways & prospectivity maps
5
L)
S
L¥]
vy

\3:;7 CGO 9@0 " m

Classification: In-Confidence
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Renewables Energy efficiency  Electrification Hydrogen COz2 capture

Build, build, build: New building designs, Primary energy fallacy. Tackle hard-to-abate As feedstock for efuels

Solar PV, wind, building thermal response. 3x-6x efficiency gain from  industry and efuels and to compensate

batteries, 10x! Timber! HPs and EVs. (shipping, aviation) overshoot. Bio-geo-
CO, plants NZ.

Short-term: Energy stress +/- (e.g. bankruptcies Chile/Australia, spikes Texas)
Mid-term: Power-to-X (X=population, compute, electrification, H2, CO2 capture, precision fermentation)

Long-term: energy-unconstrained economy?




We are actively searching for:

S Sustainable l |( :
Ener UNIVERSITY OF
Research CANTERBURY
Group Te Whare Wananga o Waitaha

CHRISTCHURCH NEW ZEALAND

PhD & Visiting Research Partnerships &
Postdocs Researchers IIEINES Collaboration

Developing energy system models for strategic decision making in energy transitions.

Multi-Sector Urban and Resilience of Carbon-Negative

Energy Transition Distributed Energy Systems Systems and
Pathways Energy Systems and Climate Risk Power-to-X

Technologies

Get in touch and let's shape the future of sustainable energy together.

) serg.co.nz
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Check-out the DAAD and NZ industry PhD scholarships R‘ - Research

Group
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Rebecca Peer | Jannik Haas
Leads of the Sustainable Energy Research Group (SERG)
Directors of the Master in Renewable Energy
Civil and Natural Resources Engineering
University of Canterbury, New Zealand

LHRISTCHURCH NE.W ZEAL



	Default Section
	Slide 1: EPOC Winter Workshop 2025 | University of Auckland | September 2025 | Auckland, New Zealand   Modelling a Low-Carbon Future: Tools for Energy and Carbon Infrastructure 
	Slide 2
	Slide 3
	Slide 4: Very little carbon budget left        need for speed!
	Slide 5: Cheap solar and wind
	Slide 6: How solar is outgrowing all expectations
	Slide 7: Wind and solar have scaled up faster than any other technology in history It took 8 years for solar to go from 100 to 1000TWh and then just 3 years to pass 2000 TWh
	Slide 9: 1 Renewable energy
	Slide 10
	Slide 11: New capacities to serve a quickly growing demand
	Slide 12
	Slide 13
	Slide 14: ... and against PyPSA
	Slide 15: Global renewable transitions: costs are manageable
	Slide 16
	Slide 17
	Slide 19: 2 Energy and carbon efficiency
	Slide 20
	Slide 22: New advanced buildings to save 20%+ emissions
	Slide 23: But buildings operations are impacted by future climates
	Slide 24: 3 Electrification
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Bottom-up modelling of households' energy demand as input for capacity planning
	Slide 29: Bottom-up, GIS-based optimization of renewable energy technologies and hydrogen at city level
	Slide 30: 4 Hydrogen
	Slide 31
	Slide 32
	Slide 33: Clean hydrogen demand scenarios for New Zealand
	Slide 34: Potential hydrogen demand in New Zealand
	Slide 35
	Slide 36: South America as a H2 continent with low risk of scale Adding 20% of electricity demand to serve 8% of the hydrogen market
	Slide 38: 5 Carbon capture
	Slide 40
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 49
	Slide 50
	Slide 51


