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“This astonishing scientific advance puts us on the precipice of a future no longer reliant on fossil fuels but instead powered 
by new clean fusion energy” - Chuck Schumer1 

Investors have been tempted for more than half a century by nuclear fusion’s promise of safe, reliable baseload without 
environmentally harmful emissions or radioactive waste. However, it wasn’t until California’s Lawrence Livermore National 
Laboratory announced the first successful “ignition” in late 2022 that fusion entered mainstream discussions (Figure 1). 
That news has led some to conclude that the decarbonization solution is at hand, potentially de-emphasizing the urgency 
and perceived benefits of installing new renewable energy. This post challenges that conclusion and argues that, given the 
discernible, positive impact of existing decarbonization technologies, the importance of investments in these areas will only 
grow with the passage of time. 

> MORE ON OUR ESG IMPACT RATINGS

FIGURE 1: Looks complicated - the target chamber at Lawrence Livermore National Laboratory where fusion 
ignition occurred on December 5, 2022 

Source: Lawrence Livermore National Laboratory. 

Fusion’s Promise 

Fusion is effectively the reverse process to fission - instead of splitting a nucleus (of enriched uranium), the nuclei of two 
or more atoms (of hydrogen isotopes) are combined. If fusion can be scaled, it would offer the primary benefits of fission - 
reliable baseload with low emissions and a small geographic footprint - without most of fission’s drawbacks.2 Fusion has 
no real risk of meltdown, generates only low-radioactivity, fast-decaying waste, and does not require enriched uranium.3 
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Instead, one of its fuels, deuterium, is abundant in sea water, and experiments to “breed” the other, tritium, on site could 
enhance energy security.4 

Ignition Not the Same as Overall Net Positive Energy 

Although achieving ignition - when fusion outputs more energy than it consumes - is a major milestone, it represents a 
relatively small step. The reaction depended on lasers, but “ignition” only considers the energy those lasers delivered inside 
the reactor, not the electricity that powered them. When accounting for the entire operation, the “ignition” consumed about 
100x more energy than it created.5 

The bigger breakthrough will be when a reactor creates significant net-positive overall energy, which is likely to still be 
years away (if it happens at all). The reactor in California functions by rapidly compressing and heating a tiny fuel pellet 
using x-rays delivered by powerful lasers. Improving the timing of the reaction and the quality of the fuel pellet will be key 
to producing more energy. The hope is that each successful experiment enhances researchers’ understanding and leads 
to additional breakthroughs. Still, much more progress will obviously be needed to balance the significant electricity needs 
of the lasers. That said, the “laser” design - known as inertial confinement - may not be the most viable design in the long-
run. Most investment and commercial research has been based on magnetic confinement designs that aim to compress 
heated fuel using super-conducting magnets, which may be more successful at outputting sustained net positive energy.6 
However, no magnetic confinement reactor has yet reached ignition. 

A Solution that Entails More Global Capacity than Currently Installed 

Once a sustained, net-positive reaction is achieved, nuclear fusion plants must be financed and built. Figure 2 shows that 
this is no small task considering the supply and demand dynamics. In terms of the latter, electricity demand is projected to 
surge, especially in scenarios aligned with Paris targets where it would more than double by 2050. 

On the supply side, even assuming a very generous 90% efficiency rate, replacing the roughly 2/3 of electricity currently 
generated by fossil fuels would require almost 2,000 gigawatts (GW) of fusion capacity.7 However, early prototypes are 
anticipating capacity factors of just 20-30% due to several factors, including anticipated maintenance, availability of cooling 
water, and operational needs (e.g., cooling systems and tritium breeding). Therefore, for fusion to be the decarbonization 
solution, installed capacity would need to reach 10,000 GW before mid-century - a level that exceeds all electricity capacity 
installed today. 

FIGURE 2: The Growth in Global Electricity Demand is Expected to Increasingly Exceed Sources Derived from 
Fossil Fuels (TWh) 

 
Source: PGIM Fixed Income and International Energy Agency, World Energy Outlook 2022. STEPS refers to Stated Policies Scenario, 
APS refers to Announced Pledges Scenario, and NZE refers to Net Zero Emissions by 2050 scenario. 
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The Need for Accelerating Electrification, Connection, and Conservation 

Another consideration of fusion is that it creates electricity, which only makes up about 20% of global final energy 
consumption.8 Fusion is of little help for the other 80% unless that too is electrified. For example, transportation makes up 
over 25% of energy consumption and more than 90% of this still came from oil products in 2020, versus just over 1% from 
electricity. A similar story is true for electrification of buildings’ heat, where fossil fuels and biomass still dominate. In both 
cases, electrification is making inroads, but remains well behind the pace needed to achieve the Paris targets. Additionally, 
around 25% of global emissions are not related to energy at all.9 Thus, even if fusion were viable, investments in 
electrification and other decarbonization technologies need to rapidly accelerate. 

Similarly, fusion (and renewables) cannot help with decarbonization without being connected to consumers. It’s an area of 
severely neglected investment - in its Net Zero Emissions scenario, the IEA estimates investment in grids and transmission 
needs to more than double by 2030.10 As a result of the foregone investment, renewable projects in most developed market 
countries face long connection times, e.g., an average of seven years in the U.S. and the UK. Meanwhile, 774 million 
people globally still lacked reliable electricity access in 2022. 

Finally, a discussion of energy generation neglects a foremost consideration. As the adage goes, the cleanest energy is 
the energy you don’t use. It is also usually the cheapest. Yet, investments and policies promoting efficiency and demand 
reduction are also well behind Paris-aligned pathways.11 

Intangible Impact 

While much is said about fusion’s potential, the preceding points indicate that its impact is not yet ascertainable. Even in a 
best-case scenario where fusion is commercially viable by the late 2030s, it could still take several additional decades to 
build the initial generation of plants. And several more decades before fusion makes up a material share of the energy mix 
(to say nothing of the astronomical costs). Meaning that even in this best-case scenario, fusion may not make a significant 
contribution until late this century.12 

But time is of the essence. At current rates, the 1.5C° carbon budget is projected to be completely depleted in less than 10 
years. At that point, warming of 1.5C° or more will be locked in. To avoid this, immediate emissions cuts on the order 8% 
per year are needed - making a scenario of abundant fusion energy after mid-century far too late. 

This scenario stands in stark contrast to the prospects for existing renewables. The IEA estimates the average time needed 
to build a new renewable project is now less than two years.13 The costs of renewables and storage have also rapidly 
decreased and are expected to continue dropping over time (Figure 3).14 So, it is possible fusion may not be cost 
competitive if/when it becomes commercially viable. 

FIGURE 3: The Tumbling Costs of Renewable Energy Projects 

 
Source: PGIM Fixed Income and International Renewable Energy Agency 
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The upshot is that even if fusion becomes a reality, it will only be a fraction of the solution. A massive expansion of other 
clean energy technologies (and a continuation of some fission power) will be urgently needed as well. 

Conclusion 

The first successful fusion ignition is an undeniable scientific achievement. Yet, it was nowhere close to producing overall 
net-positive energy, and even if/when that is achieved, it could take several decades more for fusion to make a positive 
impact on decarbonization. Dwindling carbon budgets are set to be depleted well before then. 

Therefore, as we monitor advancements in fusion technology, we remain focused on conservation as well as the positive 
effects of renewable energy sources. These continue to bring identifiable, positive impacts to decarbonization and those 
portfolios oriented on achieving positive environmental impacts. 

 

 

1 “National Ignition Facility achieves Fusion Ignition,” the Lawrence Livermore National Laboratory, December 14, 2022. The quote is 
attributed to Senator Chuck Schumer, (D) New York. 

2 Traditional nuclear power is concentrated in a handful of countries and makes up around 5% of total energy supply (and 10% of 
electricity). Its primary benefit is reliable baseload with few greenhouse gas (GHG) emissions. Its downsides include nuclear waste, a 
small portion of which remains highly radioactive for centuries; the risk of meltdowns; uranium enrichment potentially contributing to 
nuclear weapons programs; water intensity; and high upfront costs and prolonged construction times that are frequently well above 
expectations. 

3 The reaction requires a constant input of fuel, so cannot become self-sustaining. 

4 In “breeding,” tritium would be produced as part of the fusion reaction in certain reactor designs. Free neutrons escaping the reaction 
would interact with lithium isotopes in the material surrounding the reactor vessel to create new tritium. This is crucial as tritium is 
extremely rare in nature, and existing global production is far below the needs of even a single commercial fusion reactor. 

5 Inside the reactor, 2.05 megajoules were input for 3.15 megajoules of output. The lasers required 300 megajoules of energy to create 
the ignition. And, the reaction lasted less than a second. 

6 An experimental prototype under development - the Joint European Torus project - is expected to require 700-800 MW of power. The 
hope is that commercial reactors will require only 200-300 MW as magnetic coils become more efficient, and could produce as much as 
1-2 GW of power, though this is still theoretical. 

7 For context, less than 400 GW of fission capacity is installed today. 

8 Power generation’s share of GHG emissions is slightly higher than its share of final energy consumption, at around one quarter. 

9 The large majority (though not all) of these are related to agriculture, forestry and land use. Waste is also a major contributor, as well 
as industrial applications (e.g., steel and cement production) that rely on fossil fuels directly in their production processes. 

10 From $320 billion today to $740 billion. 

11 For instance, the IEA shows total energy consumption falling 9% to 2030 and 23% to 2050 in its 1.5C scenario, but expects it to rise 
under stated policies. 

12 It may also be worth noting that the Lawrence Livermore National Laboratory’s reaction used an inertial confinement design. However, 
most facilities being developed for commercial use focus on magnetic confinement designs, which have some noteworthy differences, 
and have yet to achieve successful ignition. 

13 This assumes timely permitting, which in some key regions, such as the EU, can currently take longer than actual construction. 

14 Notwithstanding the recent stall resulting from higher raw material costs and supply chain disruptions. 
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留意事項  
 

※本資料はPGIMフィクト・インカムが市場動向に関する情報提供としてプロの投資家向けに作成したものです。PGIMフィクスト・インカムは、⽶国SECの
登録投資顧問会社であるPGIMインクの債券運⽤部⾨です。 
 
※本資料は情報提供を⽬的としたものであり、特定の⾦融商品の勧誘⼜は販売を⽬的としたものではありません。また、本資料に記載された内容等に
ついては今後変更されることもあります。 
 
※記載されている市場動向等は現時点での⾒解であり、これらは今後変更することもあります。また、その結果の確実性を表明するものではなく、将来
の市場環境の変動等を保証するものでもありません。 
 
※本資料で⾔及されている個別銘柄は例⽰のみを⽬的とするものであり、特定の個別銘柄への投資を推奨するものではありません。 
 
※本資料に記載されている市場関連データ及び情報等は信頼できると判断した各種情報源から⼊⼿したものですが、その情報の正確性、確実性につ
いて当社が保証するものではありません。 
 
※過去の運⽤実績は必ずしも将来の運⽤成果等を保証するものではありません。 
 
※本資料は法務、会計、税務上のアドバイスあるいは投資推奨等を⾏うために作成されたものではありません。 
 
※当社による事前承諾なしに、本資料の⼀部または全部を複製することは堅くお断り致します。 
 
※“Prudential”、“PGIM ”、それぞれのロゴおよびロック・シンボルは、プルデンシャル・ファイナンシャル・インクおよびその関連会社のサービスマークであり、多
数の国・地域で登録されています。 
 
※PGIMジャパン株式会社は、世界最⼤級の⾦融サービス機関プルデンシャル・ファイナンシャルの⼀員であり、英国プルーデンシャル社とはなんら関係が
ありません。 
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