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“Systems thinking is a way of 

understanding complex problems by 

looking at how different parts interact within 

a larger system.” 

Tami Katz’ presentation “The Art of 

Systems Thinking” presented Monday 28th 

July 2025, IS25
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Problem State
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https://www.climate.gov/media/12990 
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https://ourworldindata.org/emissions-by-sector 

https://ourworldindata.org/emissions-by-sector
https://ourworldindata.org/emissions-by-sector
https://ourworldindata.org/emissions-by-sector
https://ourworldindata.org/emissions-by-sector
https://ourworldindata.org/emissions-by-sector


incose.org | 9 

Global 
Analysis
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https://ourworldindata.org/energy-production-consumption 

https://ourworldindata.org/energy-production-consumption
https://ourworldindata.org/energy-production-consumption
https://ourworldindata.org/energy-production-consumption
https://ourworldindata.org/energy-production-consumption
https://ourworldindata.org/energy-production-consumption


incose.org | 11 

https://www.worldnuclearreport.org 

https://www.worldnuclearreport.org/
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CSIRO’s GenCost 2024-25 Final Report
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Levelized Cost Of Electricity (LCOE), CSIRO’s GenCost 2024-25 Final Report
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Market Adoption 
(S-Curves)
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Source: Tony Seba and Asymco, BlackRock

1907 
(11%)

Cars: 140k

Trucks: 3k

1917 (81%)
Cars: 5M (33x)

Trucks: 400k 

(134x)

https://www.scientificamerica

n.com/article/the-motor-
vehicle-1917-slide-show/ 

https://www.youtube.com/wa

tch?v=Kj96nxtHdTU&t=599s   

(US)
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Source: Tony Seba and Asymco, BlackRock

https://www.scientificame
rican.com/article/the-

motor-vehicle-1917-

slide-show/ 
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Coal
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Source: 
https://www.statista.com/statistics/859266/number-of-coal-

power-plants-by-

country/#:~:text=China%20has%20the%20greatest%20nu

mber,or%20territory%20in%20the%20world

https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world
https://www.statista.com/statistics/859266/number-of-coal-power-plants-by-country/#:~:text=China%20has%20the%20greatest%20number,or%20territory%20in%20the%20world


incose.org | 21 

Source: https://www.statista.com/statistics/530569/installed-
capacity-of-coal-power-plants-in-selected-countries/ 
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Coal Capacity (Australia)

Top 10 Coal Power Stations (AUS) = 18GW (all 18x = 

22.5GW): 
• Eraring (NSW) 2880MW, 2027

• Bayswater (NSW) 2640MW, 2033

• Loy Yang A (VIC) 2200MW, 2035
• Tarong + Tarong North (QLD) 1843MW, 2037

• Gladstone (QLD) 1680MW, 2035
• Yallourn (VIC) 1480MW, 2028

• Stanwell (QLD) 1445MW, 2046

• Mt Piper (NSW) 1400MW, 2040
• Vales Point B (NSW) 1320MW, 2033

• Loy Yang B (VIC) 1050MW, 2047

Sources: 

1: https://en.wikipedia.org/wiki/List_of_coal-fired_power_stations_in_Australia 
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Coal Capacity (Australia) – Projected 

Sources: 

1: https://en.wikipedia.org/wiki/List_of_coal-fired_power_stations_in_Australia 

Post 2035 (AUS) = 8.5GW (8x): 

• Tarong / Tarong Nth (QLD) 1843MW, 
2037

• Mt Piper (NSW) 1400MW, 2040

• Kogan Creek (QLD) 750MW, 2042
• Stanwell (QLD) 1445MW, 2046

• Loy Yang B (VIC) 1050MW, 2047
• Millmerran (QLD) 852MW, 2051

• Callide C (QLD) 810MW, TBD

• Bluewaters (WA) 416MW, TBD

https://en.wikipedia.org/wiki/List_of_coal-fired_power_stations_in_Australia
https://en.wikipedia.org/wiki/List_of_coal-fired_power_stations_in_Australia
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Nuclear
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EMDE = Emerging market and developing economies
https://www.iea.org/energy-system/electricity/nuclear-power 
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https://www.iea.org/reports/nuclear-power-and-secure-energy-transitions/executive-summary  
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https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/nuclear-power-reactors 
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Renewables
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https://www.iea.org/energy-system/renewables 
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https://www.iea.org/energy-system/renewables 
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https://www.iea.org/energy-system/renewables/wind 

https://www.iea.org/energy-system/renewables/wind
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Firmed 
Renewables
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Source: Australian Energy Market Operator (AEMO) 2024 Integrated System Plan (ISP)

Consumer Energy Resources (CER)
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Rooftop Solar

• Not currently part of the AEMO NEM 
dashboard

• Source of variability/instability in 
contrast to traditional ‘baseload’ power

• Sizeable capacity (36GW installed in 
AUS)

• 47.3% instantaneous share of QLD 
underlying demand (18th Aug)

• Peaked at 4,151MW in QLD (30 Nov 
2023)

• NEM hit 48.3% in Oct 2023

• https://pv-map.apvi.org.au/analyses 

https://pv-map.apvi.org.au/analyses
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Rooftop Solar

Source: AEMO X Post
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The Economist, California has got really good at building giant batteries, 2025-05-22

2018: 500MW

↓
2025: 16GW

30%
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TasmaniaSA
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Battery Storage Capacity (Australia)

Top 10 Battery Installations (AUS): 

• Victoria Big Battery (VIC) 450MWh*, 
2021

• Riverina (NSW) 260MWh*, 2023

• Torrens Island (SA) 250MWh, 2023
• Kwinana (WA) 200MWh, 2023

• Chinchilla Battery (QLD) 200MWh*, 
2024

• Hornsdale (SA) 194MWh*, 2017

• Hazelwood (VIC) 150MWh, 2021
• Wandoan South (QLD) 150MWh, 2021

• Bouldercombe (QLD) 100MWh*, 2023
• Wallgrove (NSW) 75MWh*, 2022

Sources: 

1: https://aemo.com.au/energy-systems/electricity/der-register/data-der/data-dashboard
2: https://reneweconomy.com.au/big-battery-storage-map-of-australia/

* Tesla Megapacks

20x operational

39x construction
39x announced

43x proposed



incose.org | 40 

Battery Storage Capacity (Australia)

Top 10 Battery Installations under Construction (AUS) = 

16GWh: 
• Eraring (NSW) 2800MWh, 2025

• Collie (WA) 2240MWh, 2024

• Smithfield (NSW) 2200MWh, 2026
• Collie Bess (WA) 2000MWh, 2025

• Waratah Super Battery (NSW) 1680MWh, 2025
• Melbourne Renewable Energy Hub (VIC) 1600MWh 

2025

• Orana (NSW) 1660MWh, 2025
• Liddell (NSW) 1000MWh, 2025

• Mortlake (VIC) 650MWh, 2026
• Wagerup (NSW) 600MWh, TBD

Sources: 

1: https://reneweconomy.com.au/big-battery-storage-map-of-australia/ 

20x operational

39x construction
39x announced

43x proposed

Top 10 Battery Installations Proposed (AUS): 

• Sun Cable (NT) 22-30GWh (to power Singapore)
• Uaroo Renewable Energy Hub (WA) 9.1GWh, 2030

• Tomago (NSW) 2GWh, 2025 (aluminium smelter)

• Goyder South (SA) 1.8GWh
• Tungkillo (SA) 1.48GWh 2025

• Brinkworth (SA) 1.2GWh (200MWh solar farm)
• Powercor (VIC) 1.1GWh (20 big batteries across VIC)

• Great Western (NSW) 1GWh

• Yanco Delta (NSW) 800MWh, 2027 (1.5GW wind farm)
• 800MWh in WA, 2x SA and VIC

https://reneweconomy.com.au/big-battery-storage-map-of-australia/
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EVs
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Source: Clean Technica

33.7%

26.5%

93.9%
94.9%

14.5 publicly accessible charging points per 1000 passenger 
vehicles in 2021, over seven times the EU market average 
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https://electricvehiclecouncil.com.au/reports/state-of-evs-2024/ 
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China
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China: 

• Renewables now 51% of 
installed capacity

• Renewables 26% of 
electricity generation in 
2022

Yale
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How China's Rising Emissions Could Change Global Climate Politics - The New York Times

https://www.nytimes.com/interactive/2024/11/19/climate/china-emissions-fossil-fuels-climate.html?fbclid=IwZXh0bgNhZW0CMTEAAR1gllCG645DZPavimD_iSTei8zbPm_TffkUfelOdF5MfDyu3PkJBrYgVWY_aem_EzpwQicm7z0kDed6knAWxA
https://www.nytimes.com/interactive/2024/11/19/climate/china-emissions-fossil-fuels-climate.html?fbclid=IwZXh0bgNhZW0CMTEAAR1gllCG645DZPavimD_iSTei8zbPm_TffkUfelOdF5MfDyu3PkJBrYgVWY_aem_EzpwQicm7z0kDed6knAWxA
https://www.nytimes.com/interactive/2024/11/19/climate/china-emissions-fossil-fuels-climate.html?fbclid=IwZXh0bgNhZW0CMTEAAR1gllCG645DZPavimD_iSTei8zbPm_TffkUfelOdF5MfDyu3PkJBrYgVWY_aem_EzpwQicm7z0kDed6knAWxA
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How China's Rising Emissions Could Change Global Climate Politics - The New York Times
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https://ember-energy.org/countries-and-regions/china/ 
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Simplified Plan 
for Energy 
Transformation
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Transformational Changes

• Centralised Generation → Decentralised Generation

• Baseload Power → Variable Supply (Intermittent Wind and Solar)

• Increasing relevance of Consumer Energy Resources (CER) e.g. rooftop solar, behind-the-meter batteries and EVs

• Electrification (EVs, Heating, Cooking) is greatly increasing electricity demand

• Large scale expansion of solar (incl rooftop) and wind (offshore?)

• Large scale retirement of coal

• New concept: Storage (offsets variability of renewable energy supply)

• Storage includes Pumped Hydro, Utility Batteries, CER, EVs

• New concept: Interconnectors (for reliability/resilience)

• Disruption will occur

• Systems Thinking is a new requirement for the future management of energy systems
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Systems View
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National Energy Analysis Centre (NEAC)
Australia

• Enduring national research 

infrastructure, physical and 

digital

• Supports energy transition: 

decarbonisation, resilience, equity

• Backed by Commonwealth 

Science and Industry Research 

Organisation (CSIRO), supported 

by the sector, open to all

• Combines modern systems 

science with social innovation

Accelerate and de-risk the 

energy transition

FOCUS AREAS

Decarbonisation, resilience, equity, economic 

opportunity, innovation



incose.org | 69 

Q&A

World’s largest 
electric ferry (China 
Zorilla) being built by 
Incat Tasmania in 
Australia for 
Buquebús to operate 
in South America:
• 130m
• 2,100 passengers 

and 225 vehicles
• 40MWh
• 90 min run-time
• 160km range
• 40 mins charge 

time

https://www.offshore-energy.biz/wartsila-to-power-worlds-largest-battery-electric-ferry/

https://www.abc.net.au/news/2025-05-02/incat-launches-worlds-largest-battery-electric-ship-hull096/105243498
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Gen Cost 2024 Report
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Source: 
https://www.statista.com/statistics/263492/electricity-

prices-in-selected-countries/
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