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Most energy scenarios paint a significant yet declining role for fossil fuel producers as we transition to a greener and possibly 1.5 - 2-degree COP 26 world (Paltsev, Ansari & Holtz, table 1). Of course, getting there by 2050 requires a huge – many trillions of dollars – investment in our energy infrastructure, particularly following the Ukraine war with the dramatic shift in Europe / Germany from Russian gas to LNG and sustainable sources. (Rystad, IEA). Global energy producers are fully aware of the uncertainties and climate pressures surrounding investment in our energy transitions. The question is how fast, how much investment, and how to finance?

Needless to say, meeting our disparate energy needs as we transition towards a net zero world while making reasonable returns is particularly challenging for oil & gas producers, utilities, and burgeoning energy ventures. One bullish set of transition outlined by IEA, Rystad, the Hydrogen Council (table 2) describes an increasing role of green and blue hydrogen / ammonia (with carbon capture) in our industrial economies.

Table 2: Possible Hydrogen Supply: Demand Mix
[image: ]
Figure 2 IEA Future of Hydrogen from 3

How Will Energy Suppliers Invest: Today’s fossil fuel world which provides over 80% of energy supply is roughly divided into three stylized sets of producers with vastly different operating objectives, costs, resources (reserves), and management goals – Independent producers (IOCs), OPEC and National Producers (NOCs) + 1 (Russia), and shale producers. 

Each of these disparate group of producers, or agents, invests and produces with very different patterns that result in boom-bust investment cycles and varying degrees of production / supply flexibility. Given the shifts in our energy markets oil prices have been extremely volatile and hard to predict over the past fifty years (IEA, scenarios; VAR, Killian, Hamilton, et. al). Consequently, making long-term thirty-year investments where there is a tremendous commitment of capital, people, and uncertain returns is extremely challenging. The war in Ukraine, climate crisis, shale revolution, demand shift to Asia, and political upheavals are part our complex energy history (IEA, Yergin, The Prize, The Quest)  



Is Hydrogen a Sustainable Opportunity? One of the critical questions is how will energy agents, with tremendous capital, engineering and technical expertise invest over the coming decades? What role will they play in our transition to a cleaner and more sustainable world economy.? And how might the dynamics of energy markets change? Are we stuck with boom-bust cycles, price volatility, and uncertain returns. 

Today it appears that OPEC (Saudi Arabia) and some NOCs like Statoil are making significant investments in hydrogen / ammonia in their efforts to transform / anticipate our industrial economies. Middle Eastern (and North Sea) producers have access to abundance of low-cost gas, strong cash flows, carbon capture research / technology, and longer-term survival strategies. (figures 2 &3) Of course, the NOCs do not reveal the size, scale, economics, or technical details of their blue energy investments. However, we do know from various surveys (IEA, Hydrogen Council, Rystad, Royal Society) that we are talking about huge in investments in supply and infrastructure to move our economies to a more sustainable Hydrogen world 

For example, steel and cement making need to be reconfigured away from coke and high energy / heat fossil fuels to hydrogen / ammonia, which also means that you must have a pipeline, shipping, and port infrastructure to handle such transitions. This requires a coordinated industrial policy involving producers, shipping / pipeline / transport players, ports / distribution centers, and manufacturing companies across different markets. Not an easy engineering or political task involving a myriad of parties.

Germany and Japan, making energy transition
The EU / Germany is reeling from the Ukraine war as everyone scrambles to replace Russian gas. The immediate push this winter is to LNG and gas from the Middle East suppliers and US, however Germany (Rotterdam) does not have the terminals to receive, convert, and distribute gas to the industrial sectors or its consumer. Building short term LNG terminals, also postpones investments by various players in the supply chain to cleaner, yet more expensive blue hydrogen. How to coordinate, build and finance Germany’s transition from gas to hydrogen in light of Russian threats, and huge investments is daunting.

Japan’s transition is no less urgent, however MITI and the government / private players have developed a long-term plan to move from nuclear following Fukushima to a gas and hydrogen economy. It has partnered with Aramco is using Ammonia ships to bring hydrogen to an energy isolate island economy. Japan’s vitality also depends on its long-term energy sufficiency. 

Each of these country case studies, shows the complicated non-linear adjustments to our shifting energy mix where suppliers have not fully developed the technologies, nor know the costs of supplying hydrogen. And the consumers / industries do not know the price, or the amount of investment required to build a more sustainable, secure, greener economy. With limited data we demonstrate how NOCs / OPEC may succeed – and make money -- in our decarbonized economies as we all navigate our volatile, messy worlds. 
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in this paper we focus on reporting up to 2040), while IEA SDS scenario reaches 2.8 G C
captured in 2050.

Natural gas use is rather constant over time in the IEA projection (only 3% reduction by
2040), but it grows in Shell (22% increase) and BP (38% increase) scenarios. Oil use is rather
constant in Shell (only 1.5% reduction), but it is reduced faster in BP (15% reduction) and
IEA (32% reduction) scenarios. All three outlooks envision a substantial increase in the share
of renewables in the primary energy mix (17% in the Shell scenario, 17% in the IEA scenario,
and 26% in the BP scenario). While both Shell and BP foresee an increase in the total global
primary energy use by 2040 (by 31% and 20%, respectively), the IEA’ prescriptive scenario
forecasts a 7% decrease. These rather different views from the well-established and reputable
forecasting groups about the global path to de-carbonization brings a caution to a treatment of

prescriptive scenarios in terms of their robustness. Thisis in contrast to a relative agreement be-
tween forecasting agencics on the impacts of the current policics (us described in Section 3.1).
Another point to note is that all annual outlooks (from one edition to another) have a
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renewables differ between the outlooks (in part due to different accounting methods), none of
the scenarios envisions the complete de-carbonization of energy in the next 20 years.

TABLE 1
Contribution (%) to global primary encrgy use in 2018 and 2040.

P Desrptive Scenaros in 2040 PrescriptveScenaos i 2040

@oi®) | EA | EoooMobl | P | MIT | EA | sha | B | MIT
Foss Fuls w% [ 7i% | 7ow | 7o | 73% | swe | o | som | sew
Hydo » | % s | o | o | % | o | e
Nucae | % 7% % | | o | % | s% | %
Biomass. 9% 10% I 8% 3% 9% 12% 1% 4% 1%
Orher rencwables 2% % 6% 13% 12% | 17% 17% 26% 2%

Notes BP docsnot ncude traditonsl blomass (vhich affce ther share). For consstency,nuclea and by for BP and MIT arc
adjusted o he IEA comverion fctors The “Other renewable” atgory includes ol wind, and geothermal. Shares may not add up t0
100% due to ounding.

While the fundamental uncertainties are unavoidable, some findings about the global en-
ergy system are quite robust. Coal (without carbon capture) does not have a sustainable future
and many projections do not envision a wide deployment of carbon capture technology in the
next 10-15 vears (e.g., Hirschhausen, Herold, and Oei 2012; Oei and Mendelevitch 2016).
However, longer-term forecasts rely on scaling-up carbon capture, utlization and storage for all
carbon-emitting technologjes (coal, natural gas, biomass). Natural gas seems to be a fuel with
a rather positive outlook for the next couple decades, but then it faces the same fate as coal.
Without carbon caprure, natural gas is unsustainable for achieving the de-carbonization goals.
Oil consumption will be affected by potential solutions in transportation sector, especially in
heavy-duty;, marine, and air travel segments. Some innovative approaches (like a system-wide
use of hydrogen) may change the dynamics for oil dramatically. Energy efficiency improve-
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in this paper we focus on reporting up to 2040), while IEA SDS scenario reaches 2.8 Gt C
captured in 2050.

Natural gas use is rather constant over time in the IEA projection (only 3% reduction by 5
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