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Reality is a binding constraint!

Supply chains matter, and every region is different!
Comparative advantage, natural resource endowment, human capital endowment, economic development, policy,

market design, and cost, among other things, will dictate outcomes.

What about new tech? The widget parable...*~ ... Engines of change: innovation and growth
Value must be generated because capital always chases returns.
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* Energy demand is rising fastest in the developing world, largely driven by hydrocarbon fuels.
o EUis 9.1% of global demand; N. America is 18.8% of global demand; developing Asia is 39.7% of global demand.
* Projections for population and economic growth indicate this trend will likely continue.
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Focus on the last 20 years: Global energy demand

Ef

..I E‘I%Iélet[lte LHI r

Demand has grown almost everywhere. Exceptions include most of OECD Europe, Japan, New Zealand, and the US.
Demand by primary source has increased for energy source, except nuclear.

— Wind and solar have increased at the highest average annual rate — 19.1% p.a. and 38.3% p.a., respectively.
— But total demand has increased most for natural gas, coal, and crude oil.

Developing Asia has driven increases across the energy landscape, with significant ramifications for international trade.

Change in Demand by Primary Source, 2003-2023
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Change in Demand by Country, 2003-2023
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Focus on the last 20 years: Oil — a growth story

* Demand has grown in the developing world, but it has declined in the developed world.
*  Supply growth has been from “incumbent” producers, plus the emergence of the US, Canada, and Brazil.

« Above-ground issues lead supply decreases.

* Net growth over the last 20 years was 20.4 million b/d, and that includes 2020! Net growth from 1983 to 2003 was 21.9
million b/d. The average annual increase only changed from 1.09 to 1.02 million b/d.
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Focus on the last 20 years: Natural gas — another growth story

Demand has grown everywhere, except in Europe.
Supply declines are also led by Europe.

« Supply growth has largely been to meet local demand. Notable exceptions: US, Qatar, Australia.

« Net growth over the last 20 years has been 139 bcf/d, or a 56% increase! Net growth from 1983 to 2003 was 107 bef/d, so

although the growth rate has slowed, the net increase was larger.
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Focus on the last 20 years: Coal — yet another growth story I iRstRice crerc) Sces

*  Growth in demand in Asia has driven the “global” increase.

« Both supply and demand have decline in Europe and North America.

«  Supply growth has largely been to meet local demand, but regional trade in Asia has proven important for market balance.

* Coal demand in 2023 was 9.10 billion tonnes, the highest it has ever been. Net growth over the last 20 years has been 3.77
billion tonnes, up from 1.26 billion tonnes over 1983-2003. Growth in Asia has dramatically changed the coal landscape.
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The oil market is highly diverse,
but NOCs deliver most
production.

Competition in the “green” makes
production resilient to targeted
interventions.

The importance of oil revenues for
governments makes production
resilient to external pressures.

In 2022, “supermajors” accounted
for less crude oil output than the
world’s largest NOC.

Why raise this? Because market
structure matters and government
stake matters. It has implications
for price, capital allocation,
geopolitics, energy security, and
energy transitions.

Geopolitics loom large. Consider crude oil. M 2R Ererey Stuies

Global Oil Production by Company, 2022
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What about renewables? Complexity! Consider ERCOT.

« Aswind and solar generation
capacity grows, average generation
grows, and emissions intensity falls.

« But averages are irrelevant for
reliability. Extremes matter.

« Therefore, sufficient dispatchable
capacity is required.

« But this raises the capital intensity
of each MWh delivered, which
presents an economic cost.

e So, who pays?

- Reliability matters. It must be
priced to ensure sufficient
redundancy for the grid.

o This is nothing new! Grids have

always needed sufficient “insurance”

against unexpected outages.
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Infrastructure is critical. It defines legacy and opportunity.
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New research brings

solar-cell power closer ‘ . Despite our best EffOI'tS,
to your roof —— .
; we have no idea what
will happen...
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... but we do know there will be trade-offs... I8 B2 he Eo0er S ies

Land Use & Powering the City of Houston
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The real challenge of renewabie
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Power Footprints: How Land Use Differs Across Energy Sources
The energy problem s also

Every energy source has favorabie attributes, but each oomes with a aifferent land use requirement. For exampie, Houston, TX has over 2 million residents and CONSUMES an average of €99
30 billion k'Wh of electrical power per year. To supply that power, It requires hydroelectric dams 451,500 hectares of fiooded reservolr, 3 times of the city itself. in comparison, natural gas amm i
driliing sttes, pipaiines, and power plants onfy need to use 1/10 of the city land. )
i e i 0 y For example, a typical refrigerator uses ‘
i iy about 4 kwh of eectricity per day. If that
US Wind Power - USSolar Power energy comes from coal, we will use 9.2 i
The sun doesnt aways shine e liters of water. if f comes from blomass
The wind doasnt biow the trigntast whate most peope Ive. West Crops, we will Use over 200 times more
fiercest where most people Texcas, New Mexioo, and Artzona boast water. However, hydrocarbon 22 21
Ive. abundant sclar resources bt are far combustion produces carbon dioxide. If SR PR
the energy for the refrigerator comes most
from major demand centers. In contrast, ¥
The Rocky Mountain region the East Nortn Centralregion ks densely from coal, & produces 4000 grams of . o o . experts anticipate retying on a diverse mix of energy
ks grast potesta) for POpUated yet lacks comparable solar CO,. encugh to Al 1000 iarge s00a & - w & SOUrCes and tec o
wind farms but s sparsaly potential B Datties. On the other hand, blomass aiso be achieved by enhancing the effciency of
populated. produces 1/20 of the carbon dioxide. existing systams.

See: https://www.bakerinstitute.org/dashboard-energys-balancing-act

... bringing tremendous opportunities for innovation.
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