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Foreword 

Over the next several decades we believe the energy sector will be an area of profound growth, ingenuity, and 

change. The global energy transition, aimed at reducing greenhouse gas (GHG) emissions, has created a dynamic 

market environment with far reaching implications. Shifts in the energy sector to achieve net zero emissions goals will 

likely drive groundbreaking innovations, impact consumer behaviors, shift the geopolitical landscape, and create 

numerous potential investment opportunities.  

Societal focus on the need to address climate change in recent years has resulted in a growing number of 

governments, corporations, and other institutions setting net zero GHG emissions targets and promoting other 

climate-focused initiatives. Increasingly, the question is not whether the world will achieve net zero, but how, when, 

and at what expense. These developments have driven capital flows into pioneering technologies that have the 

potential to change daily life. 

While numerous commentators have published recent reports on climate change and the energy transition, we 

believe many of these reports reflect the bias of their authors’ positioning. These have included expectations of an 

imminent replacement of conventional fossil fuels with alternative energy solutions on the one hand as well as a 

denial that an energy transition will occur at all on the other. As investment managers involved in both traditional and 

clean energy sectors, we feel we are well positioned to provide a more balanced view of the world, including where 

the energy sector is heading and the potential investment opportunities that the energy transition and energy demand 

expectations provide for both alternative energy and traditional fossil fuel companies. 

Unless there are significant shifts in current government policies and breakthroughs in clean energy technologies, it is 

our view that both traditional and clean energy sectors will need to coexist for multiple decades before the world can 

rely fully on alternative sources of energy. For example, solar and wind have seen costs drop dramatically and 

become competitive with conventional energy sources such as coal and natural gas. At the same time the problem of 

intermittency remains an issue that highlights the potential need to rely on bridge fuels, such as natural gas, in order 

to maintain a reliable and consistent source of energy at all times. Battery technology continues to improve but 

experience has shown that Moore’s law—a rapid rate of improvement observed in computer technology over the 

previous decades—may be unattainable in this process. Additionally, the supply chain for batteries and other 

alternative energy technologies may raise questions around environmental impacts, potential resource constraints, 

labor practices, and geopolitical implications. 

As the energy transition develops we expect that capital flows into alternative energy and clean technology 

(cleantech) solutions will evolve with some similarities to previous periods of technological innovation and the 

emergence of new sectors such as ecommerce and biotechnology. For example, we expect that groundbreaking 

technologies will be developed offering significant investor upside, while at the same time numerous ideas will 

inevitably fail. Meanwhile, traditional energy companies will likely have to adapt to a market environment with more 

limited access to capital as environmental, social, and governance (ESG) initiatives will increasingly determine capital 

flows. At the same time, traditional energy companies will likely play a major role in achieving a net zero world, owing 

to decades of experience in research and development and managing capital intensive projects, while also benefiting 

from improving balance sheets with rising levels of free cash flow available to invest.1 For investors, this dynamic 

environment can offer many varying opportunities. These may include rapidly growing innovative cleantech 

companies, emerging renewable supermajors, deep value and cash flow generating traditional energy companies, 

and transition stories of companies shifting from fossil fuels to alternative solutions. 

This paper discusses these topics and others as it reviews the energy market and explores the opportunities and 

dynamic developments driven by the energy transition. 

 

 

1 Free cash flow reflects cash from operations less capital expenditures. 
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Introduction 

This paper provides an overview of the energy market and the drivers and implications of the energy transition which 

seeks to reduce greenhouse gas emissions in order to address climate change. Due to the centrality of the energy 

sector in modern life—including not just its role in transportation and power, but also for a variety of other uses like 

plastics, fertilizers, and synthetic fibers—the paper explores how factors like population growth, rising wealth in the 

developing world, and improvements in the level of global energy poverty are likely to drive continued growth in 

energy demand for the foreseeable future. The paper discusses how a variety of factors—including a global focus on 

reducing GHG emissions and a continued increase in energy demand—will likely drive significant growth for 

alternative energy sectors. Additionally, the paper explores how potential technological constraints, greater resource 

intensity and relative cost considerations that many alternative energy solutions currently face may mean that fossil 

fuels will continue to be utilized as part of the overall energy mix for the next several decades, though they may 

increasingly be utilized in conjunction with emerging clean energy technologies. 

Below is an executive summary of key points from the paper. Also below are highlights on select alternative and 

conventional energy sectors, which are discussed in greater detail in the appendix sections of this paper. Additionally, 

important conclusions are reflected in FAQs below and at the start of each section. 

EXECUTIVE SUMMARY 

An Overview of Energy Market Dynamics and the Energy Transition 

• Fossil fuels currently dominate energy market share, reflecting 84.3% of primary energy consumption as of 2019, 

while renewables (such as wind and solar) and other non-fossil fuels (such as nuclear) reflected 5.0% and 10.7% 

respectively.2 

• This breakdown is driven by the fact that fossil fuels are ubiquitous in modern life and are used for a variety of 

purposes including electricity, heating, cooling, transportation, in the production of iron, steel, cement, and as a 

feedstock for a variety of petrochemical products including plastics, fertilizers, fabrics, and medical equipment. 

• However, fossil fuels are a significant source of GHGs. For example, fossil fuels were estimated to be the source 

of 74% of human-caused GHG emissions in the U.S. in 2019.3 

• Despite urgent efforts to reduce GHG emissions from energy use, population growth and increasing wealth in 

developing economies may drive an increase in energy demand, including for both alternative energy technologies 

and fossil fuels. 

• In particular, a convergence in per capita consumption across developed and developing economies may be a 

source for fossil fuel demand growth in the future. For example, in 2019 crude oil consumption on a barrels per 

capita basis was 21.6 in the U.S., versus only 3.7 in China, 1.4 in India, and 1.1 across the countries of Africa.4 

Alternative Energy 

• Alternative energy and cleantech sectors are likely to have significant growth opportunities as factors including a 

global focus on reducing GHGs and declining costs should make them well-positioned to take market share while 

also benefiting from an overall growth in energy demand. 

• Global initiatives to achieve net zero targets are increasingly being adopted by governments, corporations, and 

other institutions. 

• At the same time, declines in costs within some clean energy sectors due to factors like benefits of scale, 

technological advancements, and increased competition may accelerate adoption. For example, solar and wind 

sectors are estimated to have seen a decline in new build levelized cost of -90% and -71%, respectively, from 

2009 to 2020.5 
 

2 BP, Statistical Review of World Energy 2020 69th Edition, 4. Note that while hydroelectric power is often considered a renewable source of energy, in 
this breakdown it is included in the other non-fossil fuels category and reflected 6.4% of primary energy consumption as of 2019. 

3 “Energy and the environment explained,” U.S. Energy Information Administration, accessed May 31, 2021, 
https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php. 

4 Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management. 
5 “Levelized Cost of Energy and Levelized Cost of Storage-2020,” Lazard, accessed June 15, 2021, https://www.lazard.com/perspective/levelized-cost-

of-energy-and-levelized-cost-of-storage-2020/. Reflects utility-scale solar and onshore wind. 

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
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• Alternative energy sector growth may also be facilitated by the relatively small share that many emerging clean 

energy solutions currently reflect of their market. For example, by some estimates, battery electric vehicles (BEVs) 

will grow from less than 1% of cars on the road globally in 2020 to 9% of cars on the road by 2030, as the BEV 

fleet grows from 7MM vehicles in 2020 to 135MM by 2030 (reflecting a growth of 19x over this time period).6 

• These factors are likely to drive growth across a wide spectrum of alternative energy and cleantech sectors. For 

example, some projections expect over a 300% increase in global installed wind and solar capacity by 2035 

relative to 2020 levels.7 

• However, technological constraints, greater resource intensity (of land, materials, and natural resources such as 

minerals, metals, and rare earths), and relative cost considerations that many alternative energy solutions currently 

face may present issues for the rapid growth of these sectors, at least in the short term. 

• For example, under its Sustainable Development Scenario (SDS, a scenario that is consistent with meeting the 

Paris Agreement goals), the International Energy Agency (IEA) estimates demand in 2040 relative to 2020 levels 

to increase by 42x for lithium, 25x for graphite, 21x for cobalt, 19x for nickel, and 7x for rare earth metals.8 

• We expect many of these potential constraints may be addressed by future technological advancements, 

infrastructure spending, and government incentives. 

Conventional Energy  

• Despite demand destruction for conventional fossil fuels arising from the growth of alternative energy and 

cleantech sectors, overall demand may still increase for years to come in some cases due to factors like 

population growth and increasing wealth in developing economies. 

• For example, some estimates suggest that even considering demand loss arising from increasing electric vehicle 

adoption, global crude oil demand in 2030 may be over 6% higher than 2019 levels.9 

• Progress in abating GHG emissions from fossil fuel consumption may also be achieved by changing the mix of 

fossil fuels utilized. For example, the IEA estimates that coal is responsible for over 40% of energy related carbon 

dioxide emissions.10 As a result, a key driver for natural gas demand may be coal-to-gas switching—since natural 

gas emits less CO2 than coal for an equivalent amount of energy. According to the IEA, coal-to-gas switching 

between 2010 and 2018 avoided more than 500 million tonnes of CO2 over this period, or the equivalent of 

“putting an extra 200 million EVs running on zero-carbon electricity on the road over the same period.” 11 

• Rather than a strictly bifurcated market many alternative energy and cleantech solutions will likely be used in 

conjunction with fossil fuels and may utilize conventional energy infrastructure. Potential examples include biofuels 

blended with petroleum refined products, hydrogen and renewable natural gas utilizing conventional natural gas 

infrastructure, pipelines used to transport and sequester CO2, and carbon capture, utilization and storage (CCUS) 

used to mitigate the climate impacts of fossil fuel use in some cases. 

• Investor flows, a rising focus on ESG, and government policies may play a key role in management decisions on 

capital expenditures, with conventional energy companies potentially playing a key role in the energy transition 

going forward due to decades of experience in research and development and in many cases benefiting from 

rising levels of free cash flow available to invest and existing infrastructure footprints. 

• This dynamic environment may offer a variety of investment opportunities including discounted and cash flow 

generating conventional energy companies and companies with the potential to transition from a focus in fossil 

fuels to alternative energy solutions in addition to other energy transition opportunities such as rapidly growing 

cleantech companies and emerging alternative energy supermajors. 

  

 

6 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 

7 “Global Installed Capacity,” Bloomberg New Energy Finance, accessed May 31, 2021, https://www.bnef.com/. 
8 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 9. 
9 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 9-10. Reflects views and estimates presented in the Global: Future 

of Energy Demand report published in April 2021 and reflects base case. 
10 “Coal 2019,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/coal-2019. 
11 “The Role of Gas in Today’s Energy Transitions,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/the-role-of-gas-in-

todays-energy-transitions. 
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HIGHLIGHTS ON SELECT ALTERNATIVE ENERGY AND CLEANTECH SECTORS 

Biofuels and Renewable Natural Gas (RNG) 

• Potentially low GHG fuels that can be blended with or used as a substitute for petroleum products12 

• Attractive features include ability to utilize existing infrastructure (such as natural gas pipelines in the case of 

RNG), be utilized by existing demand sources (such as internal combustion engine vehicles in the case of 

biofuels),13 and ability to address issues experienced by other cleantech solutions (such as potential range and 

recharging considerations in electric vehicles or as a solution for aviation where sole reliance upon battery power 

may be technically and economically difficult) 

• Considerations include higher potential costs relative to fossil fuel alternatives without the benefit of government 

incentives and performance issues in certain circumstances 

Carbon Capture, Utilization and Storage (CCUS) 

• CCUS technology captures CO2 for the aim of utilizing it for commercial purposes or transporting it for 

permanent storage 

• Potential to be used in conjunction with fossil fuels to reduce climate impact, or as a negative emissions solution 

such as Bioenergy with Carbon Capture and Storage (BECCS) and Direct Air Capture (DAR) 

• Conventional energy companies may play a key role in the CCUS sector in the future owing to existing CO2 

infrastructure assets and decades of experience separating and utilizing CO2 during processes such as natural 

gas processing and enhanced oil recovery (EOR) 

• Limited commercial uses for captured carbon means that investment in CCUS may be reliant upon government 

incentive programs 

Critical Energy Transition Minerals 

• Clean energy solutions often require higher quantities of minerals, metals, and rare earths than analogous fossil 

fuel powered technologies 

• By some estimates, demand in 2040 relative to 2020 levels may increase by 42x for lithium, 25x for graphite, 21x 

for cobalt, 19x for nickel, and 7x for rare earth metals as a result of increased demand arising from alternative 

energy and cleantech sectors14 

• Potential considerations arising from level of growth include environmental impacts from increased mining, cost 

implications if incremental supply cannot be quickly brought online, potential labor issues in some jurisdictions 

(such as child labor), and geopolitical risks due to the global concentration of reserves in certain cases 

Electric Vehicles (EVs) 

• EVs often refer to hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and battery electric 

vehicles (BEVs). HEVs and PHEVs typically consume liquid fuel such as gasoline and increase fuel efficiency by 

utilizing an electric motor. BEVs generally operate only in an all-electric mode 

• Electric vehicle adoption is expected to increase dramatically and may benefit from government incentive 

programs. By some estimates BEVs on the road may increase by over 19x between 2020 and 2030 as they 

increase from less than 1% of cars on the road in 2020 to 9% in 203015 

• Potential issues around range, recharging, and cost considerations may be addressed by technological innovation, 

infrastructure spending, and government incentives 

Hydrogen 

• “Green” hydrogen is produced from electricity generated from renewable sources and may potentially offer a low 

lifecycle GHG source of energy with significant growth potential in the future. “Blue” hydrogen is produced utilizing 

fossil fuels and emitted CO2 is captured by CCUS. “Grey” hydrogen is produced utilizing fossil fuels but CO2 is  

not captured 
 

12 Within certain thresholds in some cases. 
13 Within certain thresholds in some cases. 
14 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 9. Reflects the IEA Sustainable Development Scenario (SDS), 

a scenario that is consistent with meeting the Paris Agreement goals. 
15 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future of 

Energy Demand report published in April 2021. 
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• Attractive features include versatility of potential uses such as energy storage (including the potential to address 

intermittency issues), power generation, heating, as a fuel for the transportation sector, and other industrial 

purposes. Additionally, hydrogen may benefit from its ability to utilize existing infrastructure (such as natural gas 

pipelines within certain thresholds) and be used by existing demand sources (such as natural gas power plants 

within certain thresholds) 

• Considerations include higher potential costs relative to fossil fuels without the benefit of government incentives 

(between $3.50/kg-$7.00/kg in 202016 reflecting a range that was 9x-18x more expensive than the 1H21 average 

Henry Hub natural gas price)17, technical issues related to the smaller molecular size of hydrogen and its potential 

to escape through materials, and safety considerations 

• Should costs continue to decline, green hydrogen has the potential to grow into a multi trillion dollar addressable 

market by 2050, according to some projections18 

Wind and Solar 

• Modern wind turbines and solar technologies convert wind and sunlight, respectively, to electricity 

• Wind and solar have significant growth potential in the future due to their ability to produce competitively priced 

energy with low lifecycle GHG emissions 

• Some estimates project an expansion of wind and solar installed capacity of over 300% between 2020 and 203519 

• Growth may be facilitated by continued declines in cost (solar and wind technologies are estimated to have seen a 

decline in new build levelized cost of -90% and -71% respectively from 2009 to 2020),20 as well as technological 

advancements which have contributed to improvements in capacity factors (solar and wind capacity factors are 

estimated to have improved by 17%21 and 33%22 respectively from 2010 to 2020) 

• Considerations to growth include issues related to intermittency (due to variability in sunlight and wind), material 

intensity, and geographic footprint required for wind and solar electricity generation 

HIGHLIGHTS ON SELECT CONVENTIONAL ENERGY SECTORS 

Crude Oil 

• Variety of demand channels for crude oil with only 49% of demand from road transportation, and the remainder 

from other sources including industrial uses and other forms of transportation such as aviation, some of which may 

be difficult to replace with alternative energy solutions without the benefit of future technological innovations23 

• According to some expectations, even assuming demand destruction arising from sources such as electric vehicle 

adoption (such as the global BEV fleet increasing from less than 1% of cars on the road globally in 2020 to 9% in 

2030), crude oil may still see demand growth of over 6% from 2019 to 2030 driven primarily by growth in demand 

in the developing world24 

• Higher demand expectations could be driven by greater convergence in per capita consumption of crude oil across 

developed and developing markets 

• Considerations to demand include greater than expected demand destruction due to larger than expected EV 

adoption and other efforts to reduce crude oil use and curtail global GHG emissions 

  

 

16 Citi Research, Global Commodities Focus: The Hydrogen Moment, 7. 
17 Based upon the assumption that 7.4kg of hydrogen has an energy content of 1 MMBtu. 
18 Goldman Sachs Global Investment Research, Green Hydrogen: The Next Transformational Driver of the Utilities Industry, 29. 
19 “Global Installed Capacity,” Bloomberg New Energy Finance, accessed May 31, 2021, https://www.bnef.com/. 
20 “Levelized Cost of Energy and Levelized Cost of Storage-2020,” Lazard, accessed June 15, 2021, https://www.lazard.com/perspective/levelized-cost-

of-energy-and-levelized-cost-of-storage-2020/. Reflects utility-scale solar and onshore wind. 
21 International Renewable Energy Agency, Renewable Power Generation Costs in 2020, 58. Reflects onshore wind. 
22 International Renewable Energy Agency, Renewable Power Generation Costs in 2020, 78. Reflects utility-scale solar PV. 
23 “Final Consumption,” International Energy Agency, accessed June 30, 2021, https://www.iea.org/reports/key-world-energy-statistics-2020/final-

consumption. 
24 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future of 

Energy Demand report published in April 2021. 

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/


 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 8 
 

Natural Gas 

• A wide spectrum of demand channels for natural gas including power generation, industrial, and agricultural uses, 

some of which may be difficult to replace with alternative energy solutions without the benefit of future 

technological innovations 

• Despite being a source of GHGs—including both CO2 and methane—natural gas is often seen as a bridge fuel since 

replacing coal with natural gas in power generation has the potential to significantly reduce carbon emissions 

• Risks include loss of demand to renewable alternatives for electricity generation, environmental opposition to 

certain methods of production (such as hydraulic fracturing), and other impacts from global efforts to curtail global 

GHG emissions 

Natural Gas Liquids (NGLs) 

• Variety of demand channels for natural gas liquids including as a feedstock for plastics and as a source of  

home heating 

• Global population growth and increasing wealth in the developing world will likely drive demand for a range of 

consumer products for which NGLs are a feedstock (such as plastic, rubber, and other industrial materials) 

• Considerations include potential for demand lost to sustainable substitutes for petrochemical products as well as 

political and social initiatives to find alternatives to NGL derived products in order to curtail global GHG emissions 

Midstream Infrastructure 

• Infrastructure assets have historically been utilized for the gathering, processing, transportation, and logistics of 

conventional forms of energy 

• Due to continued expectations of fossil fuel use, at least for the foreseeable future, midstream assets will still be 

utilized, though volume impacts may occur in certain flow patterns 

• Additional opportunities arising from the energy transition include logistical and transportation demand from 

biofuels, renewable natural gas, hydrogen, and the transportation of CO2 as part of the CCUS process. 

Additionally, the development of global natural gas infrastructure in order to address intermittency issues and 

facilitate coal-to-gas switching may be another source of demand arising from the energy transition 

• Considerations include volume impacts in certain geographies, as well as legal and regulatory challenges to 

existing and new pipeline projects due to environmental initiatives to address climate change—though the 

increasing difficulty in constructing new infrastructure assets may benefit already operating systems 

FREQUENTLY ASKED QUESTIONS/CONCLUSIONS 

What is driving the energy transition from fossil fuels to alternative energy? 

The energy transition is driven by societal focus upon reducing GHG emissions including by setting net zero 

emissions targets, adjusting regulatory and tax policies, incorporating sustainability and ESG metrics in investment 

decisions, and changing consumer behavior. GHGs, such as carbon dioxide (CO2), Methane (CH4), and Nitrous 

Oxide (N2O), trap heat in the atmosphere and cause climate change. GHGs are emitted from a variety of sectors in 

the modern global economy, and the energy sector is a significant contributor. As a result, alternative energy 

solutions which reduce or eliminate GHGs are a key part of achieving net zero emissions targets. 

Is a net zero emissions global economy feasible? 

We believe it is, but key questions are how, when, and at what expense. Realizing net zero ambitions requires 

solving the problem of providing the world with energy that is not only clean but also reliable and cheap. Many 

renewable sources of energy, such as wind and solar, face the issue of intermittency—the variability of energy from 

sunlight and wind—as a result of which other sources of energy, such as fossil fuels, may be required to ensure 

reliability. Additionally, alternative sources of energy and cleantech solutions are often more expensive than the fossil 

fuel based products they may replace. While paying this premium for clean energy may be feasible in developed 

economies, it will be more of a challenge in developing economies. As a demonstration of the disparity in energy 

consumption globally we note that as of 2018, 10% of the world’s population did not have access to electricity, and 
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that 45% of the world’s population lived in countries with relatively limited electricity access. 25 A key consideration for 

policy makers in the coming decades will be balancing the current and expected growth in demand for affordable 

energy in the developing world and the importance of addressing energy poverty with the urgent effort to reduce GHG 

emissions as quickly as possible. 

What would be required to achieve a net zero emissions global energy sector by 2050? 

Organizations such as the International Energy Agency (IEA) have proposed roadmaps that outline potential paths to 

achieving a net zero emissions global energy sector by 2050. We note that the magnitude of changes proposed 

under these roadmaps demonstrate how ambitious this target may be to achieve from a timing perspective. For 

example, the IEA’s pathway to net zero includes no new oil and gas fields approved for development starting from 

2021, nearly 60% of global car sales are for battery electric vehicles by 2030, and net-zero emissions electricity in 

advanced economies by 2035.26 We compare these targets with expectations for continued global growth in crude oil 

demand for the next several years, the fact that only 2% of global car sales were for battery electric vehicles in  

2020, 27 and that the 2019 share of wind and solar in power generation in Germany, the UK, and Spain is between 

20-30% and in the U.S. is less than 10%28 to demonstrate the magnitude of shift that would be necessary over a 

short time period. 

What alternative energy and cleantech sectors are likely to see growth due to societal focus on reducing 

GHG emissions? 

A wide variety of sectors could see growth due to the energy transition. These include sources of renewable energy 

such as wind and solar, substitutes for conventional fossil fuel demand such as electric vehicles, as well as other 

cleantech solutions that address a variety of areas from energy efficiency to recycling. Since many of these 

alternative and sustainable energy solutions are still emerging sectors, they often reflect a relatively small share of 

the market and this may indicate potential for significant growth in the future. For example, renewable energy 

(including wind and solar) reflected only 5% of the global energy mix as of 2019,29 but is expected to rapidly grow with 

some projections, such as BP’s Energy Outlook 2020 Edition, estimating that these sectors may become over 22% of 

the global energy mix by 2050 in a “business-as-usual” scenario or 59% of the global energy mix in a “net zero” 

scenario.30 As a result, some projections suggest cumulative growth in global installed wind and solar capacity may 

exceed 300% between 2020 and 2035.31 

Will fossil fuel demand imminently go to zero as a result of the energy transition? 

Unless there are significant shifts in current government policies and breakthroughs in clean energy technologies, we 

don’t believe it will. In fact, we expect that demand for some conventional forms of energy, such as crude oil and 

natural gas, will likely continue to experience growth for the next several years due to factors like population growth 

and increasing wealth in the developing world which may offset losses of demand due to growth in clean energy 

solutions largely in developed markets. For example, some projections suggest that global crude oil demand may see 

an overall increase in 2030 versus 2019 levels as gross domestic product (GDP) driven growth could add demand for 

14.8 million barrels per day (MMbpd), offsetting demand loss of 5.2MMbpd driven by increasing electric vehicle (EV) 

adoption.32 Or, as another example with regards to natural gas, we note that select Non-OECD (Organisation for 

Economic Co-operation and Development) countries could account for demand growth of 42.6 billion cubic feet (Bcf) 

per day between 2019 and 2035 if we assumed an average per capita growth rate over these years that was two-

 

25 BP, Energy Outlook 2020 Edition, 31. 
26 International Energy Agency, Net Zero by 2050, 20. 
27 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 9-10. Reflects views and estimates presented in the Global: Future 

of Energy Demand report published in April 2021. 
28 BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html.  
29 BP, Statistical Review of World Energy 2020 69th Edition, 4. 
30 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. Reflects 

“Business-as-usual” case. 
31 “Global Installed Capacity,” Bloomberg New Energy Finance, accessed May 31, 2021, https://www.bnef.com/. 
32 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 5. Reflects views and estimates presented in the Global: Future of 

Energy Demand report published in April 2021 and reflects base case. 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html
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thirds the level of average growth experienced between 2014 and 2019, and this per capita forecast was applied to 

the World Bank estimate for 2035 population for these countries.33 Relative to 2019 global consumption of 380.2 

Bcf/d this effect alone would account for an 11.2% growth over this time period.34 In the case of natural gas, key 

drivers of growth may also include coal-to-gas switching—since natural gas emits less CO2 than coal for an 

equivalent amount of energy—and for potential use to address intermittency issues arising from renewable power 

generation such as wind and solar. 

Will the energy transition result in increased demand for certain minerals and metals? 

Yes, alternative energy sources and cleantech solutions often require more land, materials, and natural resources 

than the fossil fuel based technology for which they would be a substitute. With regards to natural resources, 

alternative energy sources and cleantech solutions often require key minerals, metals, and rare earths including 

lithium, graphite, cobalt, nickel, copper, and many others. A transition to a net zero economy will likely drive 

tremendous expansions in the demand for these resources. For example, the IEA estimates that under its 

Sustainable Development Scenario (SDS, a scenario that is consistent with meeting the Paris Agreement goals) 

demand in 2040 relative to 2020 levels would increase by 42x for lithium, 25x for graphite, 21x for cobalt, 19x for 

nickel, and 7x for rare earth metals.35 

What are the geopolitical implications of the energy transition? 

The countries and regions which currently dominate the value chains of fossil fuels are often different than the ones 

that are leaders in the emerging alternative energy and cleantech sectors. Because of the strategic importance of 

energy to national security, this shift could have important geopolitical implications as countries attempt to manage 

and secure inputs for sustainable energy and clean technology. As an example, in 2019 the United States, Saudi 

Arabia, and Russia accounted for 42% of the global production of crude oil.36 Meanwhile with regards to resources 

that are critical for clean energy technology, as of 2019, 28% of copper production came from Chile, 33% of nickel 

production came from Indonesia, 69% of cobalt production came from the Democratic Republic of the Congo, and 

60% of rare earths were produced in China.37 Similarly, in 2019 the U.S. and Russia reflected 27% of global oil 

refining, whereas China reflected 40%, 35%, 65%, 58%, and 87% of the processing of copper, nickel, cobalt, lithium, 

and rare earths respectively in the same year.38 

Will the energy transition have implications on the allocation of capital? 

Yes, we expect the energy transition will be beneficial for fund flows into companies offering alternative energy and 

cleantech solutions and may reduce flows towards exclusively fossil fuel energy companies. We note that net flows 

into alternative energy focused funds in 2020 were over 13 times higher than 2019 levels, driven in part by increasing 

societal focus on curbing GHG emissions including ESG initiatives.39 Going forward we expect efforts that seek to 

incorporate sustainability metrics in financial markets—such as the EU Sustainable Finance Disclosure Regulation 

(SFDR) and the EU Taxonomy regulation—will increasingly have an impact on capital allocation. On the traditional 

energy side, the potential for an environment with more limited access to capital could result in greater reliance upon 

internally generated cash flows and may drive expansion into alternative energy sectors. 

  

 

33 Select Non-OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. 
34 Sources: BP Statistical Review of World Energy 2020 69th Edition and Goldman Sachs Asset Management. 
35 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 9. 
36 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 13. 
37 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 13. 
38 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 13. 
39 Source: U.S. Capital Advisors, data as of 5/31/21. Figures quoted exclude clean water focused funds. 
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Will the energy transition result in a bifurcated market that is split between conventional fossil fuel 

companies and alternative energy companies? 

Not necessarily. In fact, we expect that traditional energy companies will play a leadership role in the clean energy 

space due to decades of background in research and development, experience in managing capital intensive 

projects, and in many cases benefiting from rising levels of free cash flow available to invest. Additionally, many 

renewable and cleantech solutions will likely be used in conjunction with fossil fuels—such as blending biofuels with 

petroleum based refined products for use in vehicles; using natural gas to address intermittency issues arising from 

wind and solar use for power generation; or using carbon capture, utilization and storage (CCUS) solutions to reduce 

emissions from fossil fuel use—thereby creating a dynamic and mixed market rather than a strictly bifurcated one. 

What kind of investment opportunities will be created by the energy transition? 

We expect the next decades to be a period of ingenuity and dynamism in the energy sector which will offer a wide 

spectrum of potential opportunities to investors. For example, investors seeking rapid growth may find attractive 

potential opportunities arising from disruptive innovations in the cleantech space and the potential for the emergence 

of renewable supermajors. Meanwhile for investors seeking discounted free cash flow opportunities, we expect the 

energy transition may cause capital intensity among some traditional energy companies to fall, resulting in these 

companies generating substantial free cash flow. We note that much of this free cash flow will likely find its way back 

to investors in the form of dividends and share repurchases. Other opportunities may arise from increased 

consolidation among traditional energy companies as they strive to operate at the lowest possible cost, or from 

companies with the potential to shift business focus from fossil fuels to alternative energy due to advantages arising 

from existing infrastructure that can be utilized for emerging alternative energy and cleantech sectors. 
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Section One – Current Energy Market Landscape and Drivers of the 

Energy Transition 

This section provides an overview of the energy market, discusses the climate impacts of the energy sector, and 

explores the potential drivers of energy demand growth in the future, particularly those arising from population growth 

and increasing wealth in developing economies. Importantly, this section discusses the considerations arising from 

the dual objectives of urgently reducing greenhouse gas emissions while also supplying affordable and reliable 

energy to the global market. 

THE FOLLOWING ARE KEY FREQUENTLY ASKED QUESTIONS DISCUSSED IN THIS SECTION 

What percent of global energy is provided by fossil fuels versus alternative energy sources? 

In 2019, fossil fuels (including crude oil, coal, and natural gas) reflected 84.3% of primary energy. By comparison, 

renewables such as wind and solar reflected 5.0% and other non-fossil fuel sources of energy such as nuclear 

reflected 10.7%.40 

What percent of greenhouse gas emissions are the result of fossil fuel use? 

In 2019, the U.S. Energy Information Administration (EIA) estimated that fossil fuels were the source of 74% of 

human-caused GHG emissions in the U.S.41 

Do different fossil fuels vary in their CO2 emissions? 

Yes, on a per unit of energy basis coal may emit over 30% more CO2 than gasoline and nearly twice as much CO2 

as natural gas.42 In fact, the IEA notes that coal is responsible for over 40% of energy related carbon dioxide 

emissions.43 The potential for natural gas to replace coal in certain cases is one reason why natural gas is considered 

a “bridge fuel” on the path to a decarbonized future. 

Is there a disparity in energy consumption between the developed and developing world?  

There is a strong relationship between energy consumption and economic prosperity. As a result, per capita energy 

consumption in developed economies is significantly higher than in developing economies. As an example, in 2019 

crude oil consumption on a barrels per capita basis was 21.6 in the U.S., versus only 3.7 in China, 1.4 in India, and 

1.2 across the countries of Africa.44 

  

 

40 BP, Statistical Review of World Energy 2020 69th Edition, 4. 
41 “Energy and the environment explained,” U.S. Energy Information Administration, accessed May 31, 2021, 

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php.  
42 “How much carbon dioxide is produced when different fuels are burned,” U.S. Energy Information Administration, accessed May 31, 2021, 

https://www.eia.gov/tools/faqs/faq.php?id=73&t=11. 
43 “Coal 2019,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/coal-2019. 
44 Sources: BP Statistical Review of World Energy 2020 69th Edition, World Bank, and Goldman Sachs Asset Management. 

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php
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1a) Energy Market Share Over Time 

In terms of market share, fossil fuels (such as crude oil, natural gas, and coal) continue to dominate the market, 

reflecting 84.3% of energy consumption on a combined basis as of 2019 with the rest of the market share made up of 

5.0% from renewable sources (such as wind and solar) and 10.7% other non-fossil fuels (such as nuclear).45 This 

breakdown has modestly changed since 2009 when fossil fuels, renewables, and other non-fossil fuels reflected 

86.6%, 1.7%, and 11.6% respectively, with the most notable growth being delivered from the renewables segment.46 

Exhibit 1: The Historical Share of Primary Energy (1900-2019) 

 

Sources: BP Energy Outlook 2020 Edition and BP Statistical Review of World Energy 2020 69th Edition. 
 

Importantly, since overall energy demand has generally been on the rise the absolute amount of demand for fuels 

increased even while market share has been on the decline. For example, while the share of primary energy 

delivered by crude oil has declined from 48% to 33% between 1975 and 2019, the absolute amount of crude oil 

consumed has grown by over 80%, increasing from 54.3 MMbpd to 98.3 MMbpd over this time period.47 A similar 

example can be seen in the case of coal, which has had a relatively stable share of energy consumption since the 

early 1970s, reflecting ~25-30%. However, since global energy consumption has increased dramatically over this 

period, the annual amount of coal consumed has risen over 143% since 1975.48 

Exhibit 2: Crude Oil Share as a % of Primary Energy and Absolute Crude Oil Demand Over Time (1975-2019) 

 

Sources: BP Energy Outlook 2020 Edition and BP Statistical Review of World Energy 2020 69th Edition. 

 

45 BP, Statistical Review of World Energy 2020 69th Edition, 4. 
46 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html.  
47  BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html. 
48  BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html. 
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Exhibit 3: Coal Share as a % of Primary Energy and Absolute Coal Demand Over Time (1975-2019) 

 

Sources: BP Energy Outlook 2020 Edition and BP Statistical Review of World Energy 2020 69th Edition. 
 

As can be seen, the history of energy market share demonstrates that paradigm altering energy transitions have 

occurred before, but often take decades to play out due to the time needed to facilitate major changes to industrial 

processes, global logistics and infrastructure, consumer behavior, and government regulations. For example, the first 

successful commercial crude oil wells were developed in 1859 in Pennsylvania, yet crude oil did not overtake coal as 

the leading source of energy until nearly a century later in the 1960s and currently accounts for the largest share of 

primary energy, 33%.49 Additionally, coal has maintained its dominant market share into the present day and as of 

2019 reflects 27% of primary energy consumption, second only to crude oil as demand for coal has increased in 

certain developing markets, offsetting declines elsewhere such as in the U.S.50 

Primary energy consumption reflects energy demand across a variety of uses, but even for sectors that are 

increasingly becoming focal points for alternative energy opportunities—such as power generation—coal and natural 

gas continue to have dominant positions. For example, while wind and solar capacity have increased significantly in 

recent decades these sectors still only reflected a 7% share of global power generation as of 2018.51 

Exhibit 4: Share of Global Power Generation by Energy Source (2000-2018) 

 

Source: BP Energy Outlook 2020 Edition. 
 

  

 

49 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 379. 
50 BP, Statistical Review of World Energy 2020 69th Edition, 4. 
51 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
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Regional variances in the energy mix demonstrate key divergences in terms of fuels consumed. For example, coal 

dominates the market share in China and India, and this is one reason for the resilience in coal demand globally in 

recent decades. At the same time, natural gas share in China and India is much lower than in the U.S. or EU, and 

may reflect an area for potential market share gain in the future due to factors such as the lower carbon emissions of 

natural gas relative to coal on a per unit of energy output basis. Also notable is that as of 2018, renewables and other 

non-fossil fuels only reflected a 10% and 15% share of primary energy respectively in the EU, which has been a 

leader in alternative energy adoption.52 

Exhibit 5: Shares of Primary Energy from Select Sources 

Energy Source United States European Union China India 

Oil 38% 38% 20% 30% 

Natural gas 31% 24% 8% 6% 

Coal 14% 13% 59% 56% 

Renewables 6% 10% 4% 3% 

Other Non-Fossil Fuels 11% 15% 9% 8% 

Total 100% 100% 100% 100% 

Source: BP Energy Outlook 2020 Edition. Data as of 2018. 
 

Importantly, energy demand comes from across sectors of the economy. In fact, over 40% of primary energy 

consumption is for industrial use, and only 21% of demand comes from the transportation sector.53 This is because 

fossil fuels have become ubiquitous in modern life and are a feedstock for a variety of products including plastics, 

fertilizers, and even fabrics (such as polyester). 

Exhibit 6: Global Primary Energy Consumption by End-Use Sector 

 

Source: BP Energy Outlook 2020 Edition. Data as of 2019. 
 

In summary, for much of modern history, energy has been provided by a mix of fossil fuels including coal, crude oil, 

and natural gas, and these sources still dominate the global energy market share though renewables and other non-

fossil fuel sources of energy have seen significant growth in recent years. Importantly, growing global energy demand 

use and regional variances in terms of energy source have contributed to the resilience in demand for certain 

commodities, such as coal, in recent decades. Additionally, demand for energy comes from across economic sectors 

and is widespread in modern life. 

 

 

52 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
53 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
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1b) Greenhouse Gas Emissions and the Goals of the Energy Transition 

The impetus for the energy transition is a societal focus on reducing GHGs. GHGs trap heat in the atmosphere. 

Common GHGs include carbon dioxide (CO2), Methane (CH4), and Nitrous Oxide (N2O).54 Carbon dioxide is the 

most common GHG, and many climate efforts focus primarily on reducing carbon emissions. 

Exhibit 7: % Breakdown of U.S. Greenhouse Gas Emissions 

Source: U.S. Environmental Protection Agency (EPA). Data as of 2019. 
 

Global human-caused GHG emissions have increased since the start of the industrial revolution in the eighteenth 

century and have accelerated in recent decades. As of 2018, annual global GHG emissions are estimated to have 

totaled ~49 gigatonnes (Gt, which reflects billions of tonnes) of CO2 equivalent.55 Fossil fuels are not the only source 

of GHGs, but they are a significant contributor. For example, the U.S. Energy Information Administration (EIA) 

estimates that in 2019, fossil fuels were the source of 74% of human-caused GHG emissions in the U.S.56 

As a result of the widespread use of fossil fuels, however, carbon emissions from energy use actually come from a 

variety of sources. In fact, emissions from industrial use far outpaced emissions arising from transportation sectors as 

of 2018.57 The ubiquitous use of fossil fuels and the difficulty in using renewables and cleantech alternatives to 

replace petroleum based products across all of these sectors is one of the challenges facing efforts to reduce global 

carbon emissions. We note, for example, that making cement, iron, and steel alone accounts for 10% of carbon 

emissions from energy use (approximately equivalent to the total carbon emissions from aviation, marine 

transportation, and medium and heavy road transportation).58 

An important consideration is that fossil fuels vary in terms of their carbon emissions. As shown below, in terms of 

carbon emissions per unit of energy output, coal emits considerably more than gasoline, or natural gas. This is one 

reason why natural gas has for many years been seen as a potential “bridge fuel” from a carbon intensive past to a 

net zero future. In fact, as Daniel Yergin notes in his recently published, The New Map: Energy, Climate, and the 

Clash of Nations, “as late as 2007, coal generated half of U.S. electricity. By 2019, it was down to 24 percent, and 

natural gas had risen to 38 percent. That was the main reason why U.S. carbon dioxide (CO2) emissions dropped 

down to the levels of the early 1990s, despite a doubling in the U.S. economy.”59 

 

54 “Greenhouse Gas Emissions,” United States Environmental Protection Agency, accessed May 31, 2021, https://www.epa.gov/ghgemissions/overview-
greenhouse-gases. 

55 “Global Historical Emissions,” World Resources Institute, accessed May 31, 2021, https://www.wri.org/insights/interactive-chart-shows-changes-
worlds-top-10-emitters. Includes carbon dioxide, methane, nitrous oxide, and fluorinated gases. 

56 “Energy and the environment explained,” U.S. Energy Information Administration, accessed May 31, 2021, 
https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php. 

57 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
58 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
59 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 392, Kindle. 

80%

10%

7%
3%

Carbon Dioxide

Methane

Nitrous Oxide

Fluorinated Gases

https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.wri.org/insights/interactive-chart-shows-changes-worlds-top-10-emitters
https://www.wri.org/insights/interactive-chart-shows-changes-worlds-top-10-emitters
https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php
https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html
https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html


 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 17 
 

Exhibit 8: Pounds of CO2 Emissions per Million British Thermal Units (Btu) of Energy for Various Fuels 

Various Fuel Types Pounds of CO2 Emissions 

Coal60 206-229 

Diesel fuel and heating oil 161 

Gasoline (without ethanol) 157 

Propane 139 

Natural gas 117 

Source: U.S. Energy Information Administration (EIA). Data as of 2021. 
 

Because of the high carbon emissions from coal and widespread use of the fuel globally, it has frequently been cited 

as an urgent commodity to address from a climate perspective. In fact, the IEA notes that coal reflects over 40% of 

energy-related carbon dioxide emissions.61 As a result, many regions have made efforts to reduce their coal 

consumption in recent decades such as the U.S. and the EU. However, these efforts have been offset by growth in 

coal demand in developing economies, such as China and India. Future demand for coal will largely be dependent 

upon policies pursued by developing economies where coal demand has been on the rise in recent decades. 

Additionally, in the future coal may continue to be utilized for power and industrial purposes when paired with CCUS 

technologies thereby reducing negative environmental impacts. 

Exhibit 9: Coal Consumed in the U.S., EU, China, and India (1965-2019) 

 

Source: BP Statistical Review of World Energy 2020 69th Edition. 
 

As can be seen, the energy sector is a significant contributor to global GHG emissions. However, because of the 

pervasive use of fossil fuels in modern life, carbon emissions are generated from a variety of sources spanning the 

agricultural, industrial, commercial, residential, and transportation sectors. A key challenge to achieving net zero 

emissions targets is finding solutions across these uses, a process likely to take time and require significant 

adjustments to industrial processes, consumer behaviors, and government regulations. Importantly, fossil fuels vary 

in terms of their CO2 emissions, and adjusting the mix of fossil fuels—such as switching from coal to natural gas 

consumption—can also play an important role in reducing overall GHG emissions. 

 

 

60 Reflects a range of coal based upon bituminous, subbituminous, lignite, and anthracite emissions. 
61 “Coal 2019,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/coal-2019. 
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1c) Expect Continued Growth in Energy Demand from Population Growth and 

Increased Wealth in Developing Economies 

A key consideration facing policy makers and the energy sector in the coming decades is balancing the current and 

expected growth in demand for affordable energy with the urgent effort to reduce GHG emissions as quickly as 

possible. Two key drivers for global energy demand growth are 1) a rising population and 2) increasing wealth in the 

developing world. On the first point, the World Bank projects that the global population will increase from an 

estimated 7.8 Bn in 2020 to 8.8 Bn in 2035, which reflects a 14.0% growth (or a compounded annual growth rate 

(CAGR) of 0.9%).62 This expected growth in population is one driver for future growth in energy demand. 

With regards to the impact of increasing wealth in the developing world, an important feature of the energy industry is 

that there tends to be a relationship between per capita energy consumption and economic prosperity. Importantly, 

much of the developing world currently does not have access to features of everyday life in developed economies or 

are facing conditions of energy poverty. Thus, improvements in levels of global energy access may reflect potential 

sources of demand in the future. As noted by BP in their Energy Outlook 2020 Edition, an estimated 10% of the 

world’s population did not have access to electricity as of 2018 and 45% lived in countries with relatively limited 

access to electricity.63 Or, as another example, by some estimates more than 80% of the world’s population has 

never taken a single airplane flight.64 The below charts demonstrate the disparity in per capita energy consumption in 

select OECD and non-OECD countries and regions. As can be seen, in 2019 crude oil consumption on a barrels per 

capita basis was 21.6 in the U.S., versus only 3.7 in China, 1.4 in India, and 1.1 across the countries of Africa. 

Exhibit 10: Annual Per Capita Crude Oil Consumption of Select OECD & Non-OECD Countries and Regions 

 

Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management. Data as 
of 2019. 
 

  

 

62 “Population, total,” World Bank, accessed May 31, 2021, https://databank.worldbank.org/source/population-estimates-and-projections#. 
63 BP, Energy Outlook 2020 Edition, 31. 
64 Lizzy Gurdus, “Boeing CEO: Over 80% of the world has never taken a flight. We’re leveraging that for growth,” CNBC, December 7, 2017, 

https://www.cnbc.com/2017/12/07/boeing-ceo-80-percent-of-people-never-flown-for-us-that-means-growth.html. Reflects comments made by Boeing 
CEO Dennis Muilenburg on 12/7/2017. 
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As the developing world becomes wealthier we expect that energy intensity per capita will increase. As an example, 

in the year 2000 China consumed about half as much energy as the U.S., but nine years later, China overtook the 

U.S. as the largest consumer of energy in the world.65 In 2019, China consumed approximately 50% more energy 

than the U.S.66 From 2000 to 2019 energy consumption per capita increased by 200.4% in China.67 Over that same 

time period, Chinese GDP per capita increased 366.2%.68 As an illustration of the impact of increasing energy 

consumption per capita based upon 2019 levels, if China’s population of 1.4 Bn were to increase in its annual per 

capita consumption of crude oil from 3.7 barrels per person to the same level of the U.S. of 21.6, it would result in an 

increase in crude oil consumption from 14.1 MMbpd to 82.6 MMbpd (an increase of 68.6 MMbpd, which would reflect 

a 67.9% increase of total global consumption of crude oil in 2019).69 

A key challenge for global efforts to address climate change is accommodating greater demand for energy from a 

wealthier developing world and from countries seeking to address energy poverty while also reducing GHG 

emissions. In recent years, while governments in advanced economies have been introducing policies which seek to 

reduce emissions, the rest of the world has seen an expansion in GHG emissions.70 

Thus, the imperative to reduce GHG emissions arising from the energy sector is challenged not only due to the 

relatively small share of alternative energy sources and the ubiquitous use of fossil fuels in modern life, but also by 

the expected growth in energy demand for the foreseeable future. This dynamic will likely produce significant growth 

opportunities for alternative energy solutions in the coming decades. However, as policy makers attempt to balance 

GHG abatement with affordable energy access, fossil fuel sectors may also continue to see growth in demand in 

some cases. 

  

 

65 BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html. Reflects primary energy consumption. 

66 BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html. Reflects primary energy consumption. 

67 BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html. Reflects primary energy consumption. 

68 “China,” The World Bank, accessed May 31, 2021, https://data.worldbank.org/country/CN. Based upon GDP per capita in constant 2010 US$. 
69 Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management. 
70 “Global CO2 emissions in 2019,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/articles/global-co2-emissions-in-2019. 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://data.worldbank.org/country/CN
https://www.iea.org/articles/global-co2-emissions-in-2019
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Section Two – Alternative Energy 

This section discusses the numerous factors likely to drive adoption of alternative energy and cleantech solutions in 

the coming decades. These include global commitments to achieve net zero targets, cost declines for clean energy 

technology, and the potential for alternative energy and cleantech sectors to take market share while also benefitting 

from an overall increase in global energy demand. As a result of these factors, this section discusses the diverse 

range of clean energy sectors which may experience significant growth in the coming decades, including renewable 

energy industries, cleantech solutions, and many others. This section also discusses potential hurdles to the rapid 

adoption of clean energy alternatives, which may be addressed by future breakthrough innovations, government 

incentives, and infrastructure investments. 

THE FOLLOWING ARE KEY FREQUENTLY ASKED QUESTIONS DISCUSSED IN THIS SECTION 

What factors may contribute to the growth of alternative energy and cleantech sectors in the coming 

decades? 

Increasing societal focus on reducing GHG emissions from governments, corporations, and other ins titutions 

around the world including the adoption of net zero targets may greatly facilitate the expansion of alternative 

energy sectors. Continued declines in the cost of alternatives to fossil fuels—such as declines in new build 

levelized costs for solar and wind of -90% and -71% respectively from 2009 to 2020—will also likely be a key 

contributor to growth.71 Additionally, since alternative energy and cleantech companies currently often reflect a 

small share of their respective markets, they may be well positioned to take market share and also benefit from an 

overall increase in energy demand. 

What are examples of the level of growth that is expected across alternative energy and cleantech sectors in 

the coming decades? 

Projections suggest significant growth potential across a wide spectrum of alternative energy and cleantech 

sectors. As one example, some estimates project that wind and solar are expected to see global capacity additions 

of over 300% between 2020 and 2035.72 As another example, battery electric vehicles (BEVs) are expected to 

grow from less than 1% of cars on the road globally in 2020 to 9% of cars on the road by 2030, as the BEV fleet 

grows from 7MM vehicles in 2020 to 135MM by 2030 (reflecting a growth of 19x over this time period), according 

to some projections.73 

Will the energy transition drive an increase in global investment in clean energy? 

In order to achieve net zero targets, a significant increase in clean energy investment will likely be required.  For 

example, according to some estimates, clean energy investments may have to increase by over 200% by 2030 

versus 2016-2020 average levels and remain at that level for decades in orders to facilitate a pathway to net zero 

emissions by the middle of this century.74 

  

 

71 “Levelized Cost of Energy and Levelized Cost of Storage-2020,” Lazard, accessed June 15, 2021, https://www.lazard.com/perspective/levelized-cost-
of-energy-and-levelized-cost-of-storage-2020/. Reflects utility-scale solar and onshore wind. 

72 “Global Installed Capacity,” Bloomberg New Energy Finance, accessed May 31, 2021, https://www.bnef.com/. 
73 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future of 

Energy Demand report published in April 2021. 
74 International Energy Agency, Net Zero by 2050: A Roadmap for the Global Energy Sector, 81. Reflects difference in 2030 vs. 2016-2020 average 

excluding fossil fuels. 

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
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Could the increased adoption of alternative energy and cleantech solutions spur greater demand for inputs 

into these technologies? 

Yes, clean energy solutions often require more minerals, metals, and rare earths than petroleum based products 

and technologies. For example, to generate an equivalent amount of power from offshore wind versus natural gas 

requires over 12x the amount of key metals and minerals such as copper.75 Some estimates project that, as a 

result of the energy transition, demand in 2040 relative to 2020 levels may increase by 42x for lithium, 25x for 

graphite, 21x for cobalt, 19x for nickel, and 7x for rare earth metals.76 

Are there potential constraints that may impede rapid growth in alternative energy and cleantech sectors? 

Yes, some alternative energy and cleantech sectors may have potential technological constraints, greater resource 

intensity, and cost considerations relative to fossil fuels. While we expect many of these issues may be addressed 

through developments such as technological innovation in the future, these constraints may contribute to the 

continued use of fossil fuels for the foreseeable future. 

 

  

 

75 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 6. 
76 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 9. Reflects the IEA’s Sustainable Development Scenario 

(SDS), a scenario that is consistent with meeting the Paris Agreement goals. 
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2a) Growth Opportunities for Alternative Energy Sectors 

Alternative energy and cleantech sectors are likely to have significant growth opportunities over the next several 

decades driven by a variety of factors. These include increasing societal focus upon reducing GHG emissions, declining 

costs for many clean energy technologies, and because emerging alternative energy sectors may be well positioned to 

both take market share and benefit from continued overall growth in energy demand. These factors will likely drive 

tremendous growth opportunities for a broad spectrum of alternative energy and cleantech solutions in the future. 

A key factor contributing to the potential growth of clean energy sectors is increasing societal focus upon reducing GHG 

emissions. In recent years, numerous governments around the world have adopted or are discussing national 

commitments to fighting climate change through policy initiatives and decarbonization targets, as reflected below. 

Additionally, many institutions are also setting climate related targets. As an example, this has driven an estimated growth 

of over 6.0x in global corporate power purchase agreement (PPA) volumes for clean energy from 2016 to 2020.77 

Exhibit 11: Markets with Net Zero Targets 

 

Source: Bloomberg New Energy Finance (BNEF). Data as of May 2021. For illustrative purposes only. 

Also contributing to the growth potential of clean energy sectors are declines in cost driven by the benefits of larger 

scale, technological improvements, and increased competition. While alternative energy and cleantech solutions are 

currently still often more expensive than fossil fuels and fossil fuel reliant technologies (though this can be mitigated 

with adjustments like government subsidies or the imposition of a tax that reflects the environmental impacts of fossil 

fuels, such as a carbon tax), the improvement in cost parity may support the ability for alternative energy sectors to 

take market share. As an example, the chart below highlights that solar and wind have seen a decline in new build 

levelized cost of -90% and -71% respectively from 2009 to 2020, driving new build levelized costs to become 

competitive with conventional energy sources over time.78 

  

 

77 “Corporate PPA Deal Tracker: June 2021,” Bloomberg New Energy Finance, accessed July 15, 2021, https://www.bnef.com/. 
78 “Levelized Cost of Energy and Levelized Cost of Storage-2020,” Lazard, accessed June 15, 2021, https://www.lazard.com/perspective/levelized-cost-

of-energy-and-levelized-cost-of-storage-2020/. Reflects utility-scale solar and onshore wind. 
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https://www.bnef.com/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
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Exhibit 12: Change in New Build Levelized Cost of Energy Since 2009 

 

Source: Lazard’s Levelized Costs of Energy version 14.0. Reflects utility-scale solar and onshore wind. Data as of 2020. 
 

Another factor contributing to the growth potential of alternative energy solutions is that in many cases these 

emerging sectors are starting from a relatively small base and may benefit from both increasing market share and an 

expanding overall market. For example, in its Energy Outlook 2020 edition, BP projected growth from 2018 to 2050 

levels in its business-as-usual scenario for renewables segments (which includes wind, solar and other forms of 

renewable energy generation), nuclear, and hydro, of 493%, 26%, and 37% respectively. Over this time period BP 

estimates renewables would increase from less than 5% of market share to over 22% as overall primary energy 

increases by 26% from 576 exajoules (EJ) to 725 (EJ).79 Alternatively, BP’s Net Zero scenario projects even higher 

growth of 1,265%, 136%, and 65% respectively across renewables, nuclear, and hydro.80 

As discussed above, a sector expected to experience tremendous growth in the coming decades is renewable 

energy. The U.S. Energy Information Administration (EIA) defines renewable energy as “energy from sources that are 

naturally replenishing but flow-limited.”81 The EIA identifies the major types of renewable energy sources as biomass 

(renewable organic material such as wood, agricultural crop, and waste materials), hydropower, geothermal, wind, 

and solar.82 Renewable sectors are not necessarily GHG free (for example GHGs may be emitted in the production 

and transportation of wind turbines prior to installation) nor do they necessarily have a wholly positive impact on the 

environment (for example features of some hydropower facilities such as dams and reservoirs may have an 

ecological impact including an impact upon fish migration).83 However, because of their potential to reduce GHG 

emissions relative to fossil fuels, renewable sectors are expected to see substantial growth in the future as the world 

increasingly targets a net zero emissions economy. As noted above, this growth will also be facilitated by the decline 

in costs in recent years. As an example of growth potential, wind and solar are expected to see global capacity 

additions of 327% between 2020 and 2035, according to some projections, as illustrated below. 

  

 

79 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
80 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 
81 “Renewable Energy Explained,” U.S. Energy Information Administration, accessed May 31, 2021, https://www.eia.gov/energyexplained/renewable-

sources/. 
82 “Renewable Energy Explained,” U.S. Energy Information Administration, accessed May 31, 2021, https://www.eia.gov/energyexplained/renewable-

sources/. 
83 “Hydropower Explained,” U.S. Energy Information Administration, accessed May 31, 2021, 

https://www.eia.gov/energyexplained/hydropower/hydropower-and-the-environment.php. 
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Exhibit 13: Projections for Global Cumulative Wind and Solar Photovoltaic (PV) Installed Capacity  

Through 2035 

 

Source: Bloomberg New Energy Finance (BNEF). Reflects views and estimates as of May 2021. 
 

Outside of these sources of renewable energy, there are also significant growth opportunities for other alternative 

energy and cleantech solutions which aim to reduce global GHG emissions. For example, the substitution of 

conventional automobiles (also known as internal combustion engine or ICE vehicles) with electric vehicles will likely 

reduce GHG emissions over time, though the level of reduction will vary based upon certain factors including the 

source of fuel used for power generation in the region where EVs are charging. In the coming years, EV adoption is 

expected to accelerate dramatically and EVs will reflect a larger share of vehicles on the road. For example, plug-in 

hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs) on a combined basis are expected to increase 

from 10 million vehicles on the road in 2020 (reflecting less than 1% of the global fleet) to nearly 180 million cars on 

the road by 2030 (reflecting nearly 12% of the global fleet).84 

Exhibit 14: GIR Projections for Global Battery Electric Vehicle (BEV) and Plug-In Hybrid Electric Vehicles 

(PHEV) Fleet and as a % of Global Fleet 

 
Source: Goldman Sachs Global Investment Research (GIR). Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 

 

84 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 
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Other examples of clean energy sectors that may see significant growth opportunities in the coming years include 

battery storage, hydrogen, and CCUS. These sectors and others are discussed in greater detail in the appendix 

sections of this paper. While not discussed in this paper, it is important to note other important solutions are also 

being developed to address GHGs from a variety of sources outside of the energy industry, such as those emitted 

from the agricultural sector. Finally, as a definitional point, nuclear power generation is generally not considered to be 

renewable since there is a limit in terms of the supply of fuel (uranium) used to power nuclear facilities. Additionally, it 

is sometimes debated whether nuclear is a clean energy solution since—while it is a leading source of low-carbon 

energy in the world—it produces a radioactive byproduct.85 Despite these factors, nuclear energy could play an 

important role in the path to net zero. 

The significant growth in alternative energy and cleantech adoption will require a large increase in investment in the 

energy sector. For example, the IEA estimates that in order to achieve its net zero pathway, clean energy investment 

would have to increase by over 200% by 2030 versus 2016-2020 average levels.86 

Exhibit 15: Average Annual Capital Investment in the IEA Net Zero (NZE) Scenario 

 

Source: International Energy Agency (IEA). Reflects views and estimates presented in the Net Zero by 2050: A Roadmap for the 
Global Energy Sector report, published in May 2021. 
 

In summary, alternative energy and cleantech sectors are likely to see significant growth in the coming decades due 

to a combination of factors including increasing societal focus upon reducing GHG emissions, declining costs for 

many clean energy technologies, and the potential to take market share from fossil fuels while at the same time 

benefiting from an overall increase in energy demand. As a result of these factors, a wide spectrum of alternative 

energy and cleantech sectors are expected to see significant growth in the coming decades. 

 

  

 

85 “3 Reasons Why Nuclear is Clean and Sustainable,” U.S. Department of Energy, accessed May 31, 2021, https://www.energy.gov/ne/articles/3-
reasons-why-nuclear-clean-and-sustainable. 

86 International Energy Agency, Net Zero by 2050: A Roadmap for the Global Energy Sector, 81. Reflects difference in 2030 vs. 2016-2020 average 
excluding fossil fuels. 
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2b) Potential Considerations for Rapid Alternative Energy Adoption 

While alternative energy sectors are expected to see significant growth over the next several decades, potential 

issues may constrain their ability to completely replace fossil fuels for the foreseeable future. These factors include 

technological constraints, greater resource intensity, and—in many cases—higher potential costs relative to fossil 

fuels. We expect that many of these issues may be addressed in the future through technological innovations, 

infrastructure investments, and policy initiatives. 

Potential Technological Constraints to Rapid Alternative Energy Adoption 

Currently, some clean energy solutions face technological hurdles to fully replacing fossil fuels (due to issues such as 

intermittency) and certain industries may be difficult to convert to alternative forms of energy for the foreseeable 

future (such as the considerations in economically producing battery powered commercial airplanes). Over time, we 

expect breakthrough technological innovations may help to address some of these issues. 

As an example, the issue of intermittency arises because power from wind and solar are not reliably available due to 

daily variances in sunlight and wind. Additionally, utility scale battery economics are currently prohibitively expensive 

to be solely relied upon for grid energy storage in many cases. As a result, another form of energy—often a fossil fuel 

such as natural gas—will likely need to be used in conjunction with wind and solar to avoid an interruption of power to 

population centers. In the recently published, How to Avoid a Climate Disaster, Bill Gates provides a hypothetical 

example to demonstrate this issue: 

“Imagine a future where Tokyo gets all its electricity from wind power alone. (Japan does, in fact, 

have quite a bit of onshore and offshore wind available.) One August, at the peak of cyclone 

season, a massive storm hits. The winds are so strong that they will rip the city’s wind turbines 

apart if they aren’t shut down. Tokyo’s leaders decide to switch off the turbines and get by solely 

on electricity stored up in the best large-scale batteries they can find. 

Here’s the question: How many batteries would they need in order to power Tokyo for three days, 

until the storm passes and they can turn the turbines back on? 

The answer is more than 14 million batteries. That’s more storage capacity than the world 

produces in a decade. Purchase price: $400 billion.”87 

Similar technological and logistical constraints exist in other cases which may make a full substitution of fossil fuels 

with alternatives unlikely in the near term. For example, limitations in battery technology mean that traditional fossil 

fuel powered ICE vehicles may be more suitable for certain travel patterns (such as long distance drives) and be 

quicker to refuel in some circumstances than electric vehicles without further technological innovations and 

widespread availability of rapid charging stations. Moreover, cases which require greater energy intensity—such as 

the power needed for a commercial airline to fly or to move marine vessels used in international commerce—are 

unlikely to be able to shift to reliance upon battery power alone for anything beyond short distance travel due to 

constraints in existing battery technology.88 

While we expect that technological innovations in the future will help to address some of these constraints we also 

note that there may be limitations in what is feasible. For example, Gates notes that the rate of progress in computer 

chip technology over the last several decades—as a result of which computer chips today have approximately one 

million more transistors than in 1970, a rate of progress known as Moore’s law—is unique to computer chips and may 

not be attainable for clean energy technologies.89 

Thus, technological constraints—such as issues related to intermittency or limitations in battery technology—may be 

one factor that could impede rapid adoption of some alternative energy solutions. Eventually, breakthrough 

innovations will likely help to address some of these constraints but the pace of these improvements may take time. 

 

87 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 78, Kindle. 
Italics and text color added. 

88 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 142, Kindle. 
89 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 45-46, Kindle. 
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Material and Resource Considerations of Rapid Alternative Energy Adoption 

Another consideration for the rapid adoption of alternative energy solutions is the resource intensity of clean energy 

technologies. Alternative energy solutions often require more land, materials, and natural resources—such as 

minerals, metals, and rare earths—than their fossil fuel peers to produce an equivalent amount of energy. This 

greater resource intensity may have a number of implications in terms of environmental impacts, costs (particularly 

for natural resources where supply cannot easily be increased quickly), social issues related to mining practices, and 

geopolitical considerations. 

When it comes to power generation, facilities powered by fossil fuels often require a smaller geographic footprint 

than those powered by renewables. For example, replacing a power plant that utilizes coal with one that derives its 

power from wind resources may require a much larger allocation of land for the requisite number of wind turbines 

to generate the same amount of power. The issue of land intensity along with technological and logistical 

constraints in delivering power generated by wind resources over long distances can become an important 

consideration for population dense urban areas with scarcity of available land that are seeking to shift away from 

fossil fuels. 

Similarly, alternative energy solutions often require more materials and natural resources to produce an equivalent 

amount of power as fossil fuels. For example, in terms of construction materials alone some estimates suggest 

that “an onshore wind turbine requires fifteen hundred tons of iron, twenty-five hundred tons of concrete, and forty-

five tons of plastic.”90 As discussed earlier, since the production of many of these materials—such as cement and 

steel—are themselves sources of GHGs, the material intensity of renewable solutions may increasingly become a 

consideration. Additionally, over time solar panels and wind turbines will have to be replaced at the end of their 

useful life, and this could potentially be a source for additional waste in the future, absent recycling solutions. 

Moreover, clean energy solutions often require a higher intensity of minerals, metals, and rare earths than  

fossil fuel powered technologies. As the IEA notes, “a typical electric car requires six times the mineral inputs of  

a conventional car, and an onshore wind plant requires nine times more mineral resources than a gas-fired  

power plant.”91 

Exhibit 16: Minerals used in Select Conventional and Clean Energy Technologies 

 

Source: International Energy Agency (IEA). Data as of 2021. 
 

  

 

90 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 422, Kindle. 
91 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 5. 
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The greater mineral intensity of alternative energy solutions has a number of implications. Firstly, managing GHG 

emissions due to the production, transportation, and processing of minerals used for renewable and clean energy 

solutions will be essential in order to achieve desired GHG targets. Additional environmental considerations from 

mining processes such as waste and water management are also potential issues, particularly as mining operations 

may have to be scaled to accommodate future demand.92  

From a cost perspective, rapidly increasing demand for minerals and other resources could have potential 

implications for certain commodity prices, particularly where supply cannot be increased quickly. For example, under 

its Sustainable Development Scenario (SDS, a scenario that is consistent with meeting the Paris Agreement goals), 

the IEA estimates demand in 2040 relative to 2020 levels to increase by 42x for lithium, 25x for graphite, 21x for 

cobalt, 19x for nickel, and 7x for rare earth metals.93 

Social issues arising from global mining practices are another consideration in the emerging renewable supply 

chain. These include worker safety issues, potential human rights abuses such as child labor, and risks of 

corruption in jurisdictions which have a large concentration of the global supply of certain mineral resources. 94 

The replacement of a fossil fuel based global supply chain with emerging renewable and cleantech sectors will 

also have important geopolitical implications. As the IEA notes, the production and processing of key minerals 

used by renewable and cleantech sectors tend to be more geographically concentrated than is the case for fossil 

fuel equivalents.95 Additionally, countries which are increasingly dominating renewable and cleantech value 

chains—such as China—reflect a shift from the countries and regions that were historically leaders in the fossil 

fuel industry such as the U.S., Russia, and OPEC (Organization of the Petroleum Exporting Countries). These 

shifts may result in geopolitical implications that could be a risk factor in renewable and alternative energy solut ion 

value chains in the future. 

Exhibit 17: Share of Top Countries in Production of Select Fossil Fuels and Key Energy Transition Minerals 

Fossil Fuels Top 3 Producing Countries 
% of Supply from Top 

Country 
% of Supply from Top 3  

Countries  

Oil US, Saudi Arabia, Russia 18% 42% 

Natural Gas US, Russia, Iran 23% 47% 

 

Minerals Top 3 Producing Countries 
% of Supply from Top 

Country 
% of Supply from Top 3  

Countries  

Copper Chile, Peru, China 28% 48% 

Nickel Indonesia, Philippines, Russia 33% 56% 

Cobalt DR Congo, Russia, Australia 69% 77% 

Rare Earths China, US, Myanmar 60% 84% 

Lithium Australia, Chile, China 52% 87% 

Source: International Energy Agency (IEA). Data as of 2019. The top 3 producing countries are listed in order of production from 
greatest to least. 

  

 

92 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 15. 
93 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 9. 
94 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 15. 
95 International Energy Agency, The Role of Critical Minerals in Clean Energy Transitions, 13. 
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Exhibit 18: Share of Top Countries in Processing of Select Fossil Fuels and Key Energy Transition Minerals 

Fossil Fuels Top 3 Countries 
% of Refining/Export by Top 

Country 
% Refining/Export by Top 3 

Countries  

Oil Refining US, China, Russia 20% 43% 

LNG Export Qatar, Australia, US 23% 55% 

 

Minerals Top 3 Countries 
% of Processing by Top 

Country 
% of Processing by Top 3 

Countries  

Copper China, Chile, Japan 40% 56% 

Nickel China, Indonesia, Japan 35% 58% 

Cobalt China, Finland, Belgium 65% 80% 

Rare Earths China, Malaysia, Estonia 87% 100% 

Lithium China, Chile, Argentina 58% 97% 

Source: International Energy Agency (IEA). Data as of 2019. The top 3 processing countries are listed in order from greatest  
to least. 
 

In summary, another potential issue for rapid adoption of renewables and clean energy alternatives is that in many 

cases these solutions have a greater material and resource intensity than their fossil fuel peers. This includes a 

greater need for land, materials (such as cement, steel, and glass), and natural resources (such as minerals, metals, 

and rare earths). This dynamic could create issues across environmental impacts, cost management, labor practices, 

and geopolitical considerations. 

Cost Considerations Between Alternative and Conventional Energy and the Role of Government Incentives  

Another issue facing rapid adoption of clean energy solutions is the higher costs often associated with reduced 

carbon alternatives to fossil fuels. In many cases cost differences between fossil fuels and alternatives have declined 

over time due to scale and technological improvements, as has been the case for solar photovoltaic (PV) and wind 

technology in recent decades, as discussed earlier.96 Additionally, higher costs for green alternatives may also be 

said to arise from the fact that fossil fuel prices don’t typically reflect negative environmental impacts associated with 

their use, a circumstance which may change over time with the adoption of government initiatives such as carbon 

taxes.97 However, despite these factors, alternative energy solutions are currently often more expensive than the 

fossil fuels they seek to replace. While this premium may not be insurmountable in developed economies, it may be a 

key challenge for adoption in the developing world.98 For example, the levelized cost of green hydrogen that could be 

produced in the U.S. in 2020 is estimated to be between $3.50/kg-$7.00/kg.99 This reflects a range of 

~$25.90/MMBtu-$51.80/MMBtu, which is 9x-18x more expensive than the 1H21 average Henry Hub natural gas price 

of $2.85/MMBtu.100  

Efforts to reduce the cost difference between alternative energy solutions and the fossil fuel sectors they are meant to 

replace often require government incentive programs. As a result, historical investment in renewable and clean 

energy sectors has been impacted by confidence in future policy support. For example, the timing of wind capacity 

additions in the U.S. over the last ten years has likely been influenced by tax incentives. In this case, the U.S. 

production tax credit (PTC) provides a tax credit for electricity generated by qualified renewable energy resources 

and was first enacted in 1992.101 It was initially set to expire in 2012 (though it was later renewed), which likely 
 

96 International Energy Agency, Solar Energy: Mapping the Road Ahead, 3. 
97 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 142, Kindle. 
98 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 59, Kindle. 
99 Citi Research, Global Commodities Focus: The Hydrogen Moment, 7. 
100 Source: Bloomberg. Based upon the assumption that 7.4kg of hydrogen has an energy content of 1 MMBtu. 
101 “Today in Energy: U.S. Wind Energy Production Tax Credit Extended Through 2021,” U.S. Energy Information Administration, accessed May 31, 

2021, https://www.eia.gov/todayinenergy/detail.php?id=46576. 

https://www.eia.gov/todayinenergy/detail.php?id=46576
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resulted in a high level of wind capacity additions that year in order to qualify for the PTC. To illustrate this impact, in 

2012 the U.S. had wind capacity additions of 13.3 GW, a level not again achieved until 2020.102 By comparison, 2013 

had only 0.9 GW of U.S. wind capacity additions, reflecting a year over year decline of -93.2%.103 

Thus, another potential issue for alternative energy adoption is that many clean energy solutions are currently more 

expensive than the fossil fuel based product or process they seek to replace. In many cases, alternative energy 

sectors rely upon government incentive programs to drive greater cost parity. As a result, uncertainty around the 

outlook of government policies has created variability in clean energy investment historically and will likely be a 

consideration going forward. 

Collectively, technological considerations, greater resource intensity, and potential cost differences relative to fossil 

fuels are factors that may impede the rapid adoption of clean energy sectors in the short term. Longer term we expect 

that technological innovations, infrastructure investments, and policy initiatives may help address these issues. 

  

 

102 “Today in Energy: U.S. Wind Energy Production Tax Credit Extended Through 2021,” U.S. Energy Information Administration, accessed May 31, 
2021, https://www.eia.gov/todayinenergy/detail.php?id=46576. 

103 “Today in Energy: U.S. Wind Energy Production Tax Credit Extended Through 2021,” U.S. Energy Information Administration, accessed May 31, 
2021, https://www.eia.gov/todayinenergy/detail.php?id=46576. 

https://www.eia.gov/todayinenergy/detail.php?id=46576
https://www.eia.gov/todayinenergy/detail.php?id=46576
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Section Three – Conventional Energy 

This section discusses the demand impacts to conventional energy as a result of a variety of potential factors. These 

include the negative demand impacts arising from the adoption of alternative energy and cleantech solutions (such as 

the negative impact to crude oil demand as a result of electric vehicle adoption) as well as positive demand impacts 

driven by factors like population growth, increasing wealth in developing economies, the wide variety of demand 

channels which utilize fossil fuels, and the potential difficulty in substituting some of these sources of demand with clean 

energy alternatives. This section also discusses the potential role of conventional energy sectors in the energy transition. 

THE FOLLOWING ARE KEY FREQUENTLY ASKED QUESTIONS DISCUSSED IN THIS SECTION 

Could crude oil demand increase globally despite the adoption of electric vehicles (EVs)? 

Yes, some estimates expect overall crude oil demand to increase despite projecting substantial growth in EVs on the 

road. For example, according to some estimates, even assuming significant growth in EV adoption—including that 

global battery electric vehicle (BEV) penetration rises to 25% by 2030 from 2% in 2020 resulting in BEVs reflecting 

9% of cars on the road globally by 2030 from less than 1% in 2020—the negative impact to crude oil demand in 2030 

relative to 2019 levels would be -5.2MMbpd (reflecting ~5.2% of 2019 demand levels) which may be more than offset 

by a growth of 14.8 MMbpd (reflecting ~14.8% of 2019 demand level) from expected normalized GDP driven demand 

growth (including factors such as increased demand in the developing world as has been discussed earlier).104 

What are potential demand drivers for natural gas in the future? 

Similar to crude oil, a variety of factors are expected to impact the demand for natural gas in the future. On the one 

hand natural gas demand in the future may be negatively impacted by efforts to reduce GHG emissions since natural 

gas is not only a source of CO2, but also methane. On the other hand, since natural gas emits significantly less CO2 

per unit of energy than coal, it could benefit from coal-to-gas switching, a trend which the IEA estimates resulted in 

the avoidance of 500 million tonnes of CO2 over the period of 2010 to 2018.105 Another demand channel for natural 

gas in the future may be its use to address intermittency concerns from renewable sources of energy such as solar 

and wind (when there is not sufficient sunlight or wind). Additionally, population growth, increased wealth in 

developing markets, and the potential to help address global energy poverty may reflect additional drivers for natural 

gas demand. For example, as discussed below, natural gas consumption per capita in select OECD countries is over 

12.0x higher than in select non-OECD countries.106 

What are examples of ways in which fossil fuels and conventional energy companies could play a role in the 

energy transition? 

We expect there are several ways that fossil fuels and conventional energy companies will play a key role in the 

energy transition. These include the potential integration of clean energy solutions with conventional energy (such as 

the use of CCUS technology to reduce climate impacts arising from fossil fuel use), the utilization of conventional 

energy infrastructure by alternative energy sectors (such as the utilization of natural gas pipelines for the 

transportation of hydrogen and renewable natural gas), and the potential leadership role that conventional energy 

companies may play in the clean energy space going forward due to decades of experience in managing capital 

intensive projects and in many cases benefiting from rising levels of free cash flow available to invest. 

 

 

104 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 9-10. Reflects views and estimates presented in the Global: Future 
of Energy Demand report published in April 2021. 

105 “The Role of Gas in Today’s Energy Transitions,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/the-role-of-gas-
in-todays-energy-transitions. 

106 Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management; Reflects data as of 2019; 
Select OECD countries reflect Canada, France, Germany, Italy, Japan, Netherlands, Norway, Spain, United Kingdom, and the U.S.; Select Non-
OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. 
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3a) Growth Opportunities and Demand Risks for Conventional Energy 

While growth in alternative energy sectors are likely to occur at the expense of fossil fuel market share, the strong 

tendency for energy demand to increase with wealth and population and the difficulty in clean energy solutions to fully 

meet these demands is a key driver for expectations of continued demand for fossil fuels for the foreseeable future, 

and in some cases for a growth in demand, unless there are significant shifts in current government policies and 

breakthroughs in clean energy technologies. Furthermore, many uses of energy that are difficult to replace with 

renewable or alternative energy solutions—such as aviation, marine, and heavy industries—may continue to utilize 

fossil fuels longer term with GHG emissions potentially reduced by the use of certain clean energy solutions, such as 

CCUS. Additionally, examples of energy transition driven fossil fuel demand—such as the use of natural gas to 

address intermittency concerns and coal-to-gas switching as a means to reduce CO2 emissions—may reflect 

sources for incremental consumption of certain hydrocarbons in the future. 

As discussed earlier, an important factor to consider in terms of overall demand for fossil fuels is that they are 

ubiquitous in modern life. Not only are hydrocarbons used for transportation or power generation, but they are also 

often integral to the production of plastics, fabrics, medical equipment, fertilizers for agriculture, and other 

petrochemical products which touch our daily lives. In terms of demand outlook this has a number of implications. 

Firstly, it means that certain sources of fossil fuel demand will be difficult to substitute with alternative energy 

solutions (for example commercial airplanes and marine vessels may be technically and economically difficult to 

power solely through batteries). Additionally, it means that demand growth for fossil fuels in the future, such as crude 

oil, is likely to be driven by factors like rising population and greater wealth in the developing world as consumers in 

these markets increasingly demand products and services available to those in developed markets. On this point, the 

below charts break out a selection of OECD and non-OECD countries and demonstrates the difference in energy 

intensity in these two groups. Importantly, per capita consumption of crude oil in the select OECD countries reflects 

over 7.0x the consumption of crude oil relative to the non-OECD group, while natural gas consumption reflects over 

12.0x the consumption of the non-OECD group. 

Exhibit 19: Per Capita Comparison of Select OECD versus non-OECD Countries 

Region Population Avg. GDP Per Capita  

Select OECD Countries 839.2 Million $45,842 

Select non-OECD Countries 5.1 Billion $3,925 

Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management. Select 
OECD countries reflect Canada, France, Germany, Italy, Japan, Netherlands, Norway, Spain, United Kingdom, and the U.S.; Select 
Non-OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. 
Data as of 2019. 

Exhibit 20: Annual Per Capita Energy Usage Comparison of Select OECD versus non-OECD Countries 

(Population Weighted Average) 

Region Oil Consumption Natural Gas Consumption 

Select OECD Countries 15.01 barrels 60.35 Mcf 

Select non-OECD Countries 2.07 barrels 4.75 Mcf 

Sources: World Bank, BP Statistical Review of World Energy 2020 69th Edition, and Goldman Sachs Asset Management. Select 
OECD countries reflect Canada, France, Germany, Italy, Japan, Netherlands, Norway, Spain, United Kingdom, and the U.S.; Select 
Non-OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. 
Data as of 2019. 

 

Growth in population and in per capita consumption outside of developed markets will likely be a significant driver in 

demand growth for fossil fuels in the coming years. This growth in demand may occur even as demand for fossil fuels 

diminishes in developed markets due to environmental initiatives. This dynamic is illustrated below in the projection of 

developed market and emerging market demand for crude oil. 
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Exhibit 21: GIR Crude Oil Demand in Emerging Markets (EM) versus Developed Markets (DM) 

 

Source: Goldman Sachs Global Investment Research (GIR). Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 
 

As an example, the below chart demonstrates how even accounting for demand loss from sources including potential 

electric vehicle adoption, crude oil demand is still expected to grow in the coming years due to increased demand 

primarily arising from emerging markets.107 In this analysis, the impact to demand arising from electric vehicle 

adoption considers the impact arising from hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), 

and battery electric vehicles (BEVs), and in the case of global BEVs alone it assumes sales penetration rises to 25% 

by 2030 from 2% in 2020, and BEVs are expected to reflect 9% of cars on the road globally by 2030 from less than 

1% in 2020.108 

Exhibit 22: GIR Crude Oil Demand Bridge to 2030E 

 

Source: Goldman Sachs Global Investment Research (GIR). Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 

  

 

107 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 9-10. Reflects views and estimates presented in the Global: Future 
of Energy Demand report published in April 2021. 

108 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future 
of Energy Demand report published in April 2021. 
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Additionally, in some cases, demand channels for fossil fuels may arise as a result of the energy transition. For 

example, as discussed earlier, natural gas may serve as a solution to address the issue of intermittency which certain 

renewable forms of energy may face. Or as another example, shifts between fossil fuels may help reduce global 

emissions. As mentioned earlier, a significant contributor to the reduction in GHG emissions in the U.S. in recent 

decades is the replacement of coal with natural gas for power generation. This trend has, in fact, had a global impact 

as coal-to-gas switching between 2010 and 2018 is estimated to have avoided more than 500 million tonnes of CO2 

over this period, or the equivalent of “putting an extra 200 million EVs running on zero-carbon electricity on the road 

over the same period.”109 

In summary, increasing demand for energy arising from population growth and increasing wealth outside of 

developed economies will likely be a key driver for demand growth for certain fossil fuels over the next several years. 

This increase in demand may offset the reduction in demand arising from alternative energy and cleantech solutions 

such as electric vehicles. Additionally, global efforts to reduce GHG emissions may, in certain cases, create new 

demand channels for fossil fuels, such as the use of natural gas to address renewable intermittency issues and as a 

result of the potential environmental benefits of coal-to-gas switching. Furthermore, since the demand for fossil fuels 

comes from across industries in the global economy, there will be many areas that are difficult to replace with 

alternative energy solutions without the benefit of further breakthrough innovations. 

 

  

 

109 “The Role of Gas in Today’s Energy Transitions,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/the-role-of-gas-
in-todays-energy-transitions. 
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3b) Potential for a Dynamic Energy Transition Utilizing both Alternative and 

Conventional Energy 

Balancing increasing energy demands driven by population growth and greater wealth in the developing world with a 

desire to reduce carbon emissions as quickly as possible will likely result in a dynamic market environment with 

significant growth opportunities for alternative energy sectors but also potential for growth in conventional fossil fuel 

demand as well in some cases. Additionally, hurdles driven by current constraints in alternative energy technologies, 

potential considerations arising from the material and resource intensity of emerging clean energy solutions, and 

uncertainty around government incentives and policies related to GHGs and the energy sector add to the 

opportunities and risks in the market in the coming decades. Rather than a bifurcated world split between fossil fuels 

and alternatives, this market environment will likely experience competition between multiple renewable and clean 

energy solutions, increased integration of clean energy technologies across the traditional fossil fuel value chain 

(upstream, midstream, and downstream), and an overall environment subject to investor flows which may be closely 

related to societal focus on climate change and global government policies.110 

While we expect that the global energy transition will take time and offer opportunities for a variety of technologies 

and solutions, we note that an important nuance in the energy transition is that various renewable industries will 

compete with each other in the market. For example, a growing renewable industry is biofuels in which products are 

created from organic matter called biomass that can be blended with or used as a substitute for petroleum products 

thereby potentially reducing overall GHG emissions. Biofuels are currently supported through multiple federal and 

state level incentives aimed at reducing GHG emissions. However, rising battery electric vehicle (BEV) adoption 

implies not only less of a market for fossil fuels, but also for biofuels. We expect that competition between emerging 

clean energy solutions will reflect previous periods of emerging technology sectors in which some breakthrough ideas 

will ultimately impact our daily lives, while others may fail. 

Moreover, as has been discussed, there are many cases in which renewable and cleantech solutions will likely be 

integrated with fossil fuels to provide a reliable and affordable solution to customers while also reducing climate 

impacts. One example is the use of fossil fuels to address the issue of intermittency when using renewable solutions 

such as wind and solar for power generation, which may be a driver of demand for natural gas and global natural gas 

infrastructure for decades to come. Another example is the utilization of CCUS which can be paired with fossil fuels to 

reduce emissions particularly in cases where electrification is not a feasible solution. The need to transport and 

sequester carbon may present an opportunity for midstream companies to repurpose existing pipelines or build new 

CO2 pipelines. Similarly, depending upon how it is produced, hydrogen can be a low GHG emission source of energy 

which may be utilized up to certain thresholds in existing natural gas pipelines and natural gas turbines used for 

power generation. 

Exhibit 23: Examples of Potential Opportunities Created by the Energy Transition for the Midstream Sector 

Midstream Asset Type Examples of Potential Renewable and Clean Energy Opportunities 

Liquids Pipelines and Infrastructure 
Assets 

Transportation and logistics development opportunities for renewable fuels such 
as biodiesel, renewable diesel, and sustainable aviation fuel 

Natural Gas Pipelines and 
Infrastructure Assets 

Transportation of hydrogen, renewable natural gas (RNG), and gas used in 
conjunction with wind and solar assets to address intermittency issues  

Natural Gas Gathering and Processing 
Facilities 

Capture of CO2 for the purpose of utilization or sequestration 

CO2 Pipelines Transportation of captured CO2 and delivery for utilization or sequestration 

Source: Goldman Sachs Asset Management. 
 

 

110 Upstream activities may include exploration and production, midstream activities may include treatment, gathering, compression, processing, 
transportation, transmission, fractionation, storage and terminalling, and downstream activities may include processing, treatment, refining, marketing 
and other end-customer distribution activities. 
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Additionally, investor flows, a rising focus on ESG, and government policies will likely play a key role in determining 

management decisions on capital expenditures and research and development. For example, as shown in the chart 

below we note that during late 2020 and early 2021 clean energy dedicated funds saw a significant increase in 

investor inflows likely arising from increasing societal focus from governments, corporations, and institutions around 

the world on reducing GHG emissions.111 Increasingly, we expect efforts to incorporate sustainability metrics in 

investment decisions — such as the EU Sustainable Finance Disclosure Regulation (SFDR) and the EU Taxonomy 

regulation — will have an impact on capital flows. 

Exhibit 24: Monthly Clean Energy Dedicated Fund Flows 

 

Source: U.S. Capital Advisors. Excludes clean water focused funds. Data as of June 2021. 

 

As another example of investor flows, since the start of 2020, 111 ESG focused special purpose acquisition 

companies (SPACs) have launched initial public offerings (IPOs) or announced merger agreements with a target 

company, raising a total of $36.5 Bn in IPO proceeds.112 Of these 111 SPACs, 70 have either announced a merger 

agreement or completed a merger agreement raising an additional $21.5 Bn of private investment in public equity 

(PIPE) financing, and the target companies have received $133.8 Bn of equity consideration to complete these 

mergers. We note that equity price returns for SPACs that have announced merger agreements have been varied 

with the best one day post announcement return topping 252.1% and the lowest falling -2.1%.113 Meanwhile, the 

median one day post announcement return for the ESG SPAC cohort has been 14.5% while the median return since 

IPO for this group has been -0.9%.114 In summary, a significant amount of equity market capitalization has been 

created since the start of 2020 through ESG focused SPACs, though the returns since IPO have been varied with the 

highest and lowest performing name in the group returning +271.4% and -43.1% respectively.115 

On the one hand a rising focus on ESG in investor flows may mean that traditional energy companies may have to 

adapt to an environment with more limited access to capital. However, as noted above, we expect that going forward 

the market will not be made up solely of discrete fossil fuel and alternative companies, but that leadership in the clean 

energy space may increasingly come from formerly fossil fuel focused companies that develop renewable and clean 

energy segments and initiatives. In some cases, the ability of conventional energy companies to invest in alternative 

sectors may be facilitated by improving balance sheets, increasing free cash flow, and decades of experience in 

research and development and managing capital intensive projects. As an illustration of the capacity conventional 

energy companies may have to invest internally generated cash flows, the below chart reflects a comparison of net 

income generated in 2019 by the national oil company of Saudi Arabia (Saudi Aramco) and the top five constituents 

of the S&P 500 by market cap. 

 

111 Source: U.S. Capital Advisors, data as of June 30, 2021. 
112 Sources: Barclays, Bloomberg, and Goldman Sachs Asset Management. Data as of August 6, 2021. The universe of 111 ESG SPACs is defined by 

Barclays. The SPACs that have announced merger agreements are predominantly companies focused upon the energy sector. 
113 Reflects data as of August 6, 2021. 
114 The return since IPO is calculated as the price as of August 6, 2021 divided by $10.00 (the IPO price) minus 1. This calculation does not reflect 

warrants an IPO investor may have received. 
115 The return since IPO is calculated as the price as of August 6, 2021 divided by $10.00 (the IPO price) minus 1. This calculation does not reflect 

warrants an IPO investor may have received. Performance reflects the returns amongst names that have announced merger agreements. 
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Exhibit 25: 2019 Net Income of Saudi Aramco versus the Top 5 Constituents of the S&P 500 by Market Cap 

 

Sources: Bloomberg and Goldman Sachs Asset Management. Reflects the 2019 net income of Saudi Aramco and the top five 
constituents of the S&P 500 by market cap as of August 11, 2021. All figures are denominated in USD. 
 

Additionally, we note the historical role that international oil companies (IOCs) have played in innovations in the 

alternative energy space over the past decades. For example, the lithium-ion battery (which ultimately allowed for the 

development of electric vehicles) was invented in an Exxon Mobil (XOM) research lab in the mid-1970s116 and the 

company also played a key role in the developments of the modern solar industry as early as the 1970s.117 We 

expect that the increasing focus upon energy transition from traditional energy companies across the value chain—

upstream, midstream, and downstream—is an indication of the important role that these companies may play in 

reducing global GHG emissions. 

Despite their potential to leverage internally generated cash flows, existing asset footprints, and experience in 

research and development, we note that conventional energy companies may face headwinds in their ability to invest 

in alternative energy business segments. These hurdles could include a faster than expected decline in fossil fuel 

demand and the potential for stranded assets such as fossil fuel reserves that are no longer economic to produce or 

conventional infrastructure assets that remain underutilized due to a reduction in volumes. Such scenarios may 

reduce cash flow generation, negatively impact balance sheet health, and reduce the potential for conventional 

energy companies to invest in alternative energy sectors. 

Collectively, we believe the coming years will provide investors with a range of potential investment opportunities and 

a dynamic market environment. These might include rapidly growing and innovative cleantech companies, emerging 

renewable supermajors, discounted and cash flow generating traditional energy companies, and energy transition 

stories of companies increasingly shifting from fossil fuels to alternative energy solutions. 

  

 

116 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 330, Kindle. 
117 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 395, Kindle. 
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Conclusion 

The energy transition aimed at reducing GHG emissions and combatting climate change may drive a dynamic period 

for the energy sector for years to come. At the same time, a key consideration facing the energy sector and policy 

makers alike is balancing efforts to reduce GHG emissions with growing global demand for affordable energy, 

particularly from the developing world. As a result of factors including global efforts to reduce GHG emissions, 

declining alternative energy and cleantech costs, and the potential to take market share while also benefiting from 

increased global demands for energy, a broad spectrum of alternative energy and cleantech solutions are expected 

to see significant growth in the coming decades. However, because of potential constraints to rapid alternative energy 

adoption including current technological considerations, greater relative resource intensity, and higher potential costs 

versus fossil fuel equivalents in some cases, we expect certain fossil fuels will also see continued demand—and even 

growth—for years to come unless there are significant shifts in current government policies and breakthroughs in 

clean energy technologies. Additionally, we expect that—rather than a strictly bifurcated market—the energy industry 

will require the coordination of conventional and alternative forms of energy, with many companies that had formerly 

been focused upon fossil fuels likely to play a leadership role in the alternative energy space going forward. 

Collectively these factors will produce an environment of ingenuity with a variety of potential investment opportunities 

across an increasingly dynamic energy market. 
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Additional Information on Select Alternative Energy and Cleantech 

Sectors 

Biofuels and Renewable Natural Gas 

Biofuels and Renewable Natural Gas are lower GHG emitting substitutes for fossil fuels that can be potentially utilized 

in a variety of applications. Demand growth opportunities for biofuels and renewable natural gas may be facilitated in 

the future by several factors including the fact that these products can often be blended with fossil fuels to reduce 

climate impact, in some cases these products can utilize existing infrastructure (for example renewable natural gas 

can be injected into natural gas pipelines), and these products may benefit from government incentive programs. 

Biofuels are products created from biomass (renewable organic matter that comes from plants or animals) which can 

be blended with or used as substitutes for petroleum products (which are derived from the slower geological 

processes which produces fossil fuels). Prominent examples of biofuels include ethanol, biodiesel, renewable diesel, 

and sustainable aviation fuel (SAF). 

Ethanol is a fuel that is made from sugars found in crops including corn, sugar cane and other organic sources.118 

Increasingly, ethanol is also being produced through next-generation processes that rely on other organic inputs such 

as cellulosic and algae based resources.119 In the U.S., the EIA notes that almost all gasoline powered vehicles can 

use gasoline with up to 10% ethanol by volume and that nearly all the gasoline sold in the U.S. reflects ethanol 

content of this level.120 However, only specific types of flexible-fuel vehicles can use gasoline with greater than 10% 

ethanol content.121 The blending of gasoline with ethanol generally occurs at fuel terminals following which it is 

distributed by truck to fueling stations.122 Blending ethanol with gasoline reduces the amount of crude oil derived 

content, oxygenates the fuel which reduces air pollution, and provides premium blending properties as ethanol has a 

higher octane number than gasoline.123 

Biodiesel is a liquid fuel manufactured from a variety of biomass sources including vegetable oils, animal fats, or 

recycled restaurant grease.124 It can be blended with petroleum diesel and used for diesel powered vehicles, thereby 

reducing the underlying demand for crude oil as a feedstock. Generally, in the U.S. blends of 20% biodiesel or less 

can be used in diesel engines without modification (though some vehicles can use only a 5% maximum blend), 

however blends of greater than 20% present potential issues including cold weather performance.125 

Renewable diesel is a liquid fuel that is derived from biomass, but is chemically distinct from biodiesel (biodiesel is a 

mono-alkyl ester while renewable diesel is a hydrocarbon).126 The manufacturing process for renewable diesel 

produces a product that is chemically similar to petroleum diesel but with fewer impurities resulting in a reduction of 

engine emissions. Importantly, renewable diesel does not have the same cold weather performance issues of 

biodiesel, and as a result does not have the same blending concentration limitations. 

Sustainable aviation fuel (SAF) can be derived from a variety of renewable and waste-based feedstocks and blended 

with jet fuel in order to reduce GHG emissions. Potential feedstocks for SAF include corn grains, fats, oils, greases, 

and waste streams.127 While SAF has similar properties to conventional jet fuel, maximum blend rates to meet quality 

 

118 “Biofuels explained: Ethanol and biomass-based diesel,” U.S. Energy Information Administration, accessed May 31, 2021, 
https://www.eia.gov/energyexplained/biofuels/. 

119 “Biofuel Basics,” U.S. Department of Energy, accessed May 31, 2021, https://www.energy.gov/eere/bioenergy/biofuel-basics. 
120 “Biofuels explained: Ethanol and biomass-based diesel,” U.S. Energy Information Administration, accessed May 31, 2021, 

https://www.eia.gov/energyexplained/biofuels/. 
121 “Biofuels explained: Ethanol and biomass-based diesel,” U.S. Energy Information Administration, accessed May 31, 2021, 

https://www.eia.gov/energyexplained/biofuels/. 
122 “Ethanol Fuel Basics,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/fuels/ethanol_fuel_basics.html. 
123 “Ethanol Fuel Basics,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/fuels/ethanol_fuel_basics.html. 
124 “Biodiesel Fuel Basics,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/fuels/biodiesel_basics.html. 
125 “Biodiesel Blends,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/fuels/biodiesel_blends.html. 
126 “Renewable Hydrocarbon Biofuels,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/fuels/emerging_hydrocarbon.html. 
127 “Sustainable Aviation Fuels,” Office of Energy Efficiency & Renewable Energy, accessed August 31, 2021, 

https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuels. 



 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 41 
 

specifications may apply, and range from 10-50%.128 Due to current technological and economic considerations in 

using battery power for commercial airplanes, SAF may play an important role in reducing GHG emissions from the 

aviation sector. 

The production process and use of biofuels generally produces GHG emissions. However, as a substitute for 

petroleum products, biofuels present advantages in the sense that the carbon released from the burning of biofuels 

can be seen as being reused by renewable biological processes such as the next crop of plants used as feedstock.129 

Similar to other biofuels, renewable natural gas (RNG) is produced from biogas and, after being upgraded, can be 

injected into natural gas streams for use as a substitute for fossil fuel derived natural gas. According to the U.S. 

Environmental Protection Agency (EPA) there are currently four key sources of biogas from RNG in the U.S. including 

landfill gas from municipal solid waste landfills as organic waste decomposes anaerobically, and through anaerobic 

digestion at municipal water resource recovery facilities, livestock farms, and organic waste management operations.130 

Generally, RNG has a lower lifecycle carbon footprint than fossil natural gas though the environmental benefit of RNG is 

somewhat dependent upon the process it replaces.131 For example, RNG feedstocks that utilize CH4 emissions that 

would otherwise not have been collected and destroyed or utilized have a more positive environmental impact.132 

The demand for certain biofuels and, in some cases, RNG is supported by a number of incentive structures and 

regulations which in the U.S. includes the Renewable Fuel Standard (RFS), the Biodiesel Tax Credit (BTC), and the 

California Low Carbon Fuel Standard (LCFS). The RFS is a federal program that requires minimum volumes of 

renewable fuel to be blended into transportation fuel sold in the U.S. each year that originated with the Energy Policy 

Act of 2005 and was expanded under the Energy Independence and Security Act of 2007.133 The Environmental 

Protection Agency (EPA) monitors compliance of the RFS program through the Renewable Identification Number 

(RIN) system in which each gallon of renewable fuel is assigned a RIN.134 Under this system, obligated parties 

(including oil refiners and importers of refined products such as gasoline and diesel fuel) must either meet their target 

by selling the required biofuel volume (including biofuels and RNG) or purchasing RINs from parties that have 

exceeded their requirements.135 

Exhibit 26: Renewable Fuel Standard Volumes (2017-2020) 

 

Source: U.S. Environmental Protection Agency (EPA). 

  

 

128 Office of Energy Efficiency & Renewable Energy, Sustainable Aviation Fuel: Review of Technical Pathways Report, 15. 
129 U.S. Department of Energy, Biodiesel Handling and Use Guide Fifth Edition, 5. 
130 U.S. Environmental Protection Agency, An Overview of Renewable Natural Gas from Biogas, 1-5. 
131 U.S. Environmental Protection Agency, An Overview of Renewable Natural Gas from Biogas, 11-12. 
132 U.S. Environmental Protection Agency, An Overview of Renewable Natural Gas from Biogas, 11-12. 
133 “Renewable Fuel Standard,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/laws/RFS. 
134 “Renewable Fuel Standard,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/laws/RFS. 
135 “Renewable Fuel Standard,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/laws/RFS. 
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Exhibit 27: Renewable Identification Number by Category 

Renewable Fuel Summary 

Categories Renewable Fuel Category Description 

Cellulosic Biofuel D-Code 3 or D-Code 7 

Renewable fuel produced from cellulose, hemicellulose or lignin. 

To be eligible for D-Code 7 RINs (Renewable Identification 

Numbers) the fuel must be cellulosic diesel. Must reduce 

lifecycle greenhouse gas emissions by at least 60%; compared 

to the petroleum baseline. 

Biomass-based Diesel D-Code 4 

Examples include biodiesel and renewable diesel. Must reduce 

lifecycle greenhouse gas emissions by at least 50%; compared 

to the diesel baseline. 

Advanced Biofuel D-Code 5 

Can be made from any type of renewable biomass except corn 

starch ethanol. Must reduce lifecycle greenhouse gas emissions 

by at least 50%; compared to the petroleum baseline. 

Renewable Fuel  D-Code 6 

Includes ethanol derived from corn starch, or any other qualifying 

renewable fuel. Fuel produced in new facilities or new capacity 

expansions (commenced construction after December 19, 2007) 

must reduce lifecycle greenhouse gas emissions by at least 

20%; compared to the average 2005 petroleum baseline. 
 

Source: U.S. Environmental Protection Agency (EPA). Note that RNG may be eligible for a D3 or D5 RIN. 
 

The biodiesel tax credit (BTC) currently provides a $1.00 per gallon tax credit when the required amount of biodiesel 

or renewable diesel is blended with petroleum diesel.136 The BTC was originally introduced in the American Jobs 

Creation Act of 2004, and has been amended and extended over time but is currently scheduled to sunset in 2022, 

though it could continue to be extended.137 The aim of the tax credit is to help offset the higher cost of biofuels and 

thereby increase their consumption.138 

Finally, the California Low Carbon Fuel Standard (LCFS) is a cap and trade system designed to increase the 

consumption of low-carbon transportation fuels in California.139 The system utilizes carbon intensity (CI) scores based 

upon a lifecycle assessment of GHG emissions from the production, logistics, and end use of fuels (including 

changes in land use for biofuels).140 Under the LCFS system, fuels with CI scores below a benchmark level generate 

a credit while CI scores above the benchmark generate a deficit.141 For each annual compliance period, companies 

that provide transportation fuels in the California market must either sell a mix of fuels that complies with the 

benchmark or acquire offsetting credits from other parties to address any deficit.142 Strong support at the federal level 

and increased adoption of the LCFS model by other jurisdictions outside of California creates multiple years of 

potential demand growth for biofuels. 

 

136 “U.S. biomass-based diesel tax credit renewed through 2022 in government spending bill,” U.S. Energy Information Administration, accessed May 
31, 2021, https://www.eia.gov/todayinenergy/detail.php?id=42616. 

137 “U.S. biomass-based diesel tax credit renewed through 2022 in government spending bill,” U.S. Energy Information Administration, accessed May 
31, 2021, https://www.eia.gov/todayinenergy/detail.php?id=42616. 

138 U.S. biomass-based diesel tax credit renewed through 2022 in government spending bill,” U.S. Energy Information Administration, accessed May 31, 
2021, https://www.eia.gov/todayinenergy/detail.php?id=42616. 

139 “Low Carbon Fuel Standard,” California Air Resources Board, accessed May 31, 2021, https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard/about. 

140 “Low Carbon Fuel Standard,” California Air Resources Board, accessed May 31, 2021, https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard/about. 

141 “Low Carbon Fuel Standard,” California Air Resources Board, accessed May 31, 2021, https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard/about. 

142 “Low Carbon Fuel Standard,” California Air Resources Board, accessed May 31, 2021, https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard/about. 
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Without these credits, biofuels and RNG are generally not economic. For example, based upon the economics 

outlined in 1Q21 below without the benefit of various policy incentives including RFS, LCFS, and BTC, the margin for 

renewable diesel would have been negative. 

Exhibit 28: An Illustrative Example of the Economics of Biofuels and the Impact of Policy Incentives 

Costs ($/gallon) 

1Q21 CBOT Soybean Oil ($/gallon) $4.13 

Assumed Opex ($/gallon) $0.30 

Total Cost $4.43 

Revenue ($/gallon) 

1Q21 NYMEX ULSD ($/gallon) $1.75 

1Q21 Biodiesel Current Year RINs ($/gallon) $2.02 

1Q21 California LCFS Credits ($/gallon) $1.37 

Biodiesel Tax Credit ($/gallon) $1.00 

Total Revenue $6.13 

Implied Margin with Policy Incentives $1.71 

Implied Margin without Policy Incentives $(2.68) 
 

Sources: Goldman Sachs Asset Management, Valero Energy Corporation, and Wolfe Research. Data as of 2021. 
 

In summary, demand for biofuels and renewable natural gas may benefit from a variety of factors including the ability 

for these products to be blended with or used as substitutes for fossil fuels, the potential for these products to 

potentially utilize existing infrastructure and be utilized by existing demand channels such as internal combustion 

engine vehicles (within certain thresholds), and the support that biofuels and renewable natural gas receive from 

government incentive programs. Despite these advantages, considerations for these alternative sources of energy 

include that they are often more expensive than their fossil fuel equivalents without the benefit of government 

incentives, and in some cases may have performance issues when compared with fossil fuel derived products. 
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Carbon Capture, Utilization and Storage (CCUS) 

CCUS refers to a set of technological and logistical solutions that capture CO2—typically at the location where it is 

emitted—and utilize it or transport it for ultimate injection into geological formations for permanent storage (such 

as depleted oil and gas reservoirs and saline formations).143 CCUS offers tremendous potential in a number of 

applications if it can be provided economically. For example, CCUS could allow for the continued use of 

hydrocarbons in many situations—particularly large stationary sources such as power stations and industrial 

facilities—while reducing the negative environmental impacts of fossil fuel use.144 CCUS can also be used in 

conjunction with other renewable solutions to produce a process that has minimal emissions from production to 

ultimate use, such as the case with blue hydrogen. Additionally, CCUS offers a solution for mitigating carbon 

emissions from several industries which would be prohibitively expensive or technically infeasible to shift to 

renewable power such as certain examples within heavy industry.145 

Carbon capture technology also offers the potential for negative emissions solutions. For example, a power station 

can be fueled with biomass and paired with CCUS in such a way that biomass extracts CO2 as it grows, burning the 

biomass produces power, and then the CO2 emitted from the power station is captured by CCUS resulting in 

negative CO2 emissions overall (a process known as Bioenergy with Carbon Capture and Storage, or BECCS).146 

Alternatively, a solution known as direct air capture (DAC) aims to capture CO2 directly from the air (rather than from 

the point of emissions), though this process is much more technically difficult than capturing CO2 at the point of 

emissions and is also more power intensive.147 

Carbon capture has been utilized for decades in industrial processes such as natural gas processing in which CO2 is 

separated out of the gas stream or for the use of CO2 by oil production companies in enhanced oil recovery (EOR) 

methods.148 Notably, existing CO2 infrastructure developed by energy companies may be utilized for CCUS efforts in 

the future. Despite this history, CCUS still has a relatively small impact, with global CO2 capture capacity at large-

scale facilities estimated by the IEA to reflect less than 40 Mt in 2020 relative to global CO2 emissions from energy 

estimated to be 33.9 Gt of CO2 in 2018 (reflects ~0.1%).149 

  

 

143 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-
era-for-ccus#growing-ccus-momentum. 

144 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-
era-for-ccus#growing-ccus-momentum. 

145 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-
era-for-ccus#growing-ccus-momentum. 

146 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-
era-for-ccus#growing-ccus-momentum. 

147 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 94-95, Kindle. 
148 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-

era-for-ccus#growing-ccus-momentum. 
149 BP Energy Outlook 2020 Edition (Charts Data Pack), https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html. 



 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 45 
 

Exhibit 29: World CO2 Capture Capacity at Large-Scale Facilities (1980-2020) 

 

Source: International Energy Agency (IEA). 
 

The limited historical adoption of carbon capture technology globally is the result of several reasons. For example, 

outside of specific industrial needs to separate out CO2 or utilize it (such as for EOR), there are limited economic 

uses of CO2 and as a result little incentive to invest in capturing it.150 However, with appropriate government 

incentives, such as imposing a carbon tax or implementing a tax credit (such as the Section 45Q tax credit in the 

U.S.), CCUS can become an economic process thereby stimulating demand in the future. 

Thus, carbon capture may offer tremendous opportunities for reducing GHG emissions across a variety of industries. 

These include the potential for negative emissions solutions such as BECCS and DAR, facilitating other clean energy 

sectors such as blue hydrogen, mitigating the environmental impact from the continued use of fossil fuels, and 

offering a solution in cases that would have been otherwise difficult to find a clean energy solution for, such as heavy 

industry. Additionally, CCUS growth in the future may be facilitated by the availability of existing infrastructure and the 

fact that it has been utilized for certain commercial purposes for decades. Despite these advantages CCUS capacity 

currently reflects a fraction of overall global GHG emissions, a factor that may change in the future as a result of 

government incentives. 

  

 

150 International Energy Agency, “A new era for CCUS,” accessed May 31, 2021, https://www.iea.org/reports/ccus-in-clean-energy-transitions/a-new-
era-for-ccus#growing-ccus-momentum. 

0.5

8.5

12.5 13.2

39.4

1980 1990 2000 2010 2020

Million Tonnes (Mt)



 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 46 
 

Electric Vehicles 

Electric vehicles have the potential to reduce GHG emissions from the transportation segment of the global economy. 

Demand for EVs is expected to grow significantly over the coming decades and may be facilitated by government 

incentives. However, factors that may present constraints to the rapid adoption of EVs today include higher costs at 

the time of purchase in some cases, natural resource intensity, and certain technological and logistical factors such 

as range limitations and the availability of public charging locations. In time we expect that many of these issues may 

be addressed through technological innovations, infrastructure spending, and government incentives. 

The term “electric vehicles” often refers to several types of vehicles including hybrid electric vehicles (HEVs), plug-in 

hybrid electric vehicles (PHEVs), and battery electric vehicles (BEVs). HEVs generally utilize both an internal 

combustion engine (ICE) which is fueled by a liquid fuel such as gasoline, and an electric motor which utilizes a battery 

that is charged through regenerative braking rather than by being plugged in.151 Similarly, PHEVs are generally powered 

by both an ICE that is fueled by a liquid fuel such as gasoline, and an electric motor that utilizes a battery. However, 

unlike HEVs, a PHEV can generally be plugged in to an electric power source to charge its battery in addition to utilizing 

regenerative braking. Additionally, PHEVs may have the ability to operate in an all-electric mode, though currently most 

vehicles can only travel 20 to 40 miles utilizing only electricity.152 Meanwhile, a BEV generally only operates in an all-

electric mode and utilizes a battery to power its motor. The battery can be recharged by plugging the vehicle in to an 

electric power source. Currently, many BEVs have a driving range of 150 to 300 miles though range continues to 

increase in new models.153 An important point of distinction between these three types of vehicles is that while they may 

all be referred to as electric vehicles, HEVs and PHEVs generally still utilize a liquid fuel such as gasoline—though their 

fuel efficiency is improved by the use of electricity—while BEVs generally only utilize a battery. 

The adoption rate for BEVs is expected to increase dramatically over the next several years and will likely be 

facilitated by government incentives, changing consumer preferences, and increased availability of EV car models as 

automakers increase investments in EV initiatives. According to some estimates, by 2030 BEVs will reflect 9% of cars 

on the road from less than 1% in 2020, growing from 7MM vehicles in 2020 to 135MM by 2030 (reflecting a growth of 

19x over this time period).154 

Exhibit 30: GIR Projections for Global BEV Fleet and BEVs as a % of Global Fleet by 2030 

 

Source: Goldman Sachs Global Investment Research (GIR). Reflects views and estimates presented in the Global: Future of 
Energy Demand report published in April 2021. 
 

  

 

151 “Hybrid and Plug-In Electric Vehicles,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/vehicles/electric.html. 
152 “Hybrid and Plug-In Electric Vehicles,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/vehicles/electric.html. 
153 “Hybrid and Plug-In Electric Vehicles,” U.S. Department of Energy, accessed May 31, 2021, https://afdc.energy.gov/vehicles/electric.html. 
154 Goldman Sachs Global Investment Research, Global: Future of Energy Demand, 4-5. Reflects views and estimates presented in the Global: Future 

of Energy Demand report published in April 2021. 
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One constraint facing large scale BEV adoption is known as “range anxiety” driven by concerns around vehicle range 

and the availability of public charging points. This issue may be addressed over time as charging points have been 

increasing in recent years in key markets. For example, as can be seen below, the number of EV charging points in the 

United States was approximately 100,000 in 2020 and has increased at over a 25% CAGR from 2015 to 2020. 

Additionally, we note that potential initiatives such as those described by the Biden Administration in the American Jobs 

Plan—which aim to increase the number of charging points to 500,000 by 2030—may also help address this constraint. 

Exhibit 31: Number of Public Charging Points for EVs in the U.S. (2015-2020) 

  

Sources: U.S. Department of Energy (DOE) and Goldman Sachs Global Investment Research (GIR). 
 

Other considerations facing EV adoption include the longer time often required to recharge an electric vehicle relative 

to filling an ICE vehicle with gasoline. For example, it is estimated that a DC fast charger adds approximately 60 to 80 

miles of range per 20 minutes of charging, and a Level 2 charger adds 10 to 20 miles of range per one hour of 

charging.155 Another constraint is the fact that EVs are currently generally more expensive to purchase than 

comparable internal combustion engine (ICE) vehicles primarily due to the cost for an EV battery, with closer cost 

parity achieved through the benefit of government tax incentives such as current U.S. Federal Government tax credits 

to consumers of up to $7,500 per EV.156 

Additionally, wide scale adoption of EVs may present potential issues due to resource constraints or the risk of rising 

costs in the supply of particular EV components and raw materials, such as the metals and minerals used in the 

production of EV batteries including lithium, nickel, and cobalt. On this point, for example, we note the price increase 

in the cobalt market in early 2018 driven in part by EV market expectations, and the concentrated geographic 

distribution of available cobalt supply along with ethical concerns such as child labor used in the mining of cobalt. 

Future mitigating factors may include industrial efforts to reduce the amount of cobalt used in EV batteries as well as 

improvements in battery material recycling capabilities. 

  

 

155 “There are More Than 68,800 Electric Vehicle Charging Units in the United States,” Office of Energy Efficiency & Renewable Energy, accessed May 
31, 2021, https://www.energy.gov/eere/vehicles/articles/fotw-1089-july-8-2019-there-are-more-68800-electric-vehicle-charging-units. 

156 Goldman Sachs Global Investment Research, Raising EV Forecast on Additional Policy Support, 3. 
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Exhibit 32: Price History of Cobalt (2013-2021) 

 

Source: Bloomberg. Data as of August 2021. 

 

Exhibit 33: % Breakdown of Estimated Reserves of Cobalt by Region 

 

Source: United States Geological Survey. Data as of 2019. 
 

In summary, significant growth in EV adoption is expected to result in a large rise in EVs on the road in the coming 

years. This growth may also be facilitated in many areas by government incentives. However, certain factors may 

constrain the rate of EV adoption including cost considerations, natural resource intensity, and certain technological 

and logistical factors related to vehicle range and charging. In time we expect that many of these constraints may be 

addressed by technological innovation, investments in infrastructure, and government incentives. 
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Hydrogen 

Hydrogen has been used for industrial purposes for several decades, including during the oil refining process and for 

the production of ammonia (which can be used for fertilizers).157 In recent years, the potential for hydrogen to serve 

as a low GHG fuel for storage, transportation, power generation, heating, and other industrial purposes, has resulted 

in significant interest. Additionally, the hydrogen sector may benefit from its ability to utilize existing energy 

infrastructure. However, factors such as the higher costs to produce low GHG emission hydrogen (green hydrogen) 

and safety considerations may present hurdles to the hydrogen sector’s potential for growth. 

The lifecycle GHG emissions associated with hydrogen depend upon the way it is produced. For example, “green” 

hydrogen is produced from electricity that is generated from renewable sources.158 Meanwhile, “blue” hydrogen is 

produced utilizing fossil fuels, but CO2 emitted during the production process is recaptured through carbon 

capture, utilization and storage methods (CCUS).159 By comparison, “grey” hydrogen is produced utilizing fossil 

fuels and CO2 emitted during production is not recaptured.160 

An attractive feature of hydrogen is its potential versatility to serve as a substitute for a variety of petroleum based 

fuels while also utilizing—at least in part—existing energy infrastructure. For example, hydrogen can be 

transported in existing natural gas pipelines, though it generally cannot exceed a level of 15% of the stream due to 

material durability and safety considerations.161 Additionally, power plants that currently utilize natural gas may be 

able to utilize hydrogen as a power source, though existing gas turbine designs may have limits on the share of 

hydrogen that can be used, with some as low as 3-5%.162 

Hydrogen also provides a potential solution for situations where other renewable and clean energy technologies 

may face issues. For example, fuel cells can use the chemical energy of hydrogen to produce electricity without 

emitting carbon and only emitting water as a byproduct.163 Fuel cells powered by hydrogen can potentially be used 

in a variety of applications including vehicles (known as Fuel Cell Electric Vehicles, or FCEVs) and power 

plants.164 Because FCEVs rely on hydrogen fuel, they do not face the same distance limitations that BEVs, which 

rely solely on batteries, may currently face. Additionally, various hydrogen solutions could be used with wind and 

solar assets to help address intermittency issues which may offer significant potential for the achievement of net 

zero targets. 

Despite these advantages, there are currently several potential constraints to the adoption and deployment of 

hydrogen. Foremost amongst the considerations is the cost of low GHG emission hydrogen (such as green 

hydrogen) relative to the fuel it might substitute (such as natural gas for power generation). For example, the 

levelized cost of green hydrogen produced in the U.S. in 2020 is estimated to be between $3.50/kg-$7.00/kg and 

varies based upon a variety of factors including the source of renewable generated electricity.165 This reflects a 

range of ~$25.90/MMBtu-$51.80/MMBtu, which is 9x-18x more expensive than the 1H21 average Henry Hub 

natural gas price of $2.85/MMBtu.166 However, many commentators hope that green hydrogen costs can decline to 

as low as $1.00/kg (or ~$7.40/MMBtu) in the coming decades due to expectations in declining costs including the 

cost of electricity generated by renewable sources. Should costs continue to decline to this level, some projections 

have speculated that hydrogen could grow into a multi trillion dollar addressable market by 2050.167 Other issues 

include that, due to its molecular size, hydrogen can escape through materials more easily than larger molecules 

 

157 International Energy Agency, The Future of Hydrogen, 31. 
158 International Energy Agency, The Future of Hydrogen, 34. 
159 International Energy Agency, The Future of Hydrogen, 34. 
160 International Energy Agency, The Future of Hydrogen, 34. 
161 U.S. Department of Energy, Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues, viii. 
162 International Energy Agency, The Future of Hydrogen, 156. 
163 U.S. Energy Information Administration. “Fuel Cells.” accessed May 31, 2021, https://www.energy.gov/eere/fuelcells/fuel-cells. 
164 U.S. Energy Information Administration. “Fuel Cells.” accessed May 31, 2021, https://www.energy.gov/eere/fuelcells/fuel-cells. 
165 Citi Research, Global Commodities Focus: The Hydrogen Moment, 7. 
166 Source: Bloomberg; Based upon the assumption that 7.4kg of hydrogen has an energy content of 1 MMBtu. 
167 Goldman Sachs Global Investment Research, Green Hydrogen: The Next Transformational Driver of the Utilities Industry, 29. 
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such as natural gas (methane), which may present issues in util izing existing infrastructure for hydrogen.168 

Hydrogen is also highly flammable and its use presents safety considerations as well.169  

In summary, hydrogen offers significant potential opportunity due to its potential use as a substitute for fossil fuels 

and ability to be utilized—below certain thresholds—by existing energy infrastructure. Additionally, hydrogen may be 

a potential solution for intermittency issues experienced by renewable forms of energy generation such as wind and 

solar. However, considerations including cost and safety may reflect potential constraints in the growth of the 

hydrogen sector absent further technological advancements. 

  

 

168 International Energy Agency, The Future of Hydrogen, 35. 
169 International Energy Agency, The Future of Hydrogen, 35. 
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Wind and Solar 

As mentioned earlier, the wind and solar sectors are expected to see significant growth in the coming years driven by 

global initiatives to reduce GHGs. Modern wind turbines convert wind energy into electricity as wind causes the 

blades of the turbine to turn around a rotor which connects to a generator.170 Wind turbines may be installed on land, 

or offshore. In the case of solar, technologies—such as photovoltaic (PV) panels—convert sunlight into electrical 

energy.171 Wind and solar have seen a significant growth in recent years from only 0.2% of global power generation 

in 2000 to 7.0% in 2018.172 

Exhibit 34: Share of Global Power Generation Provided by Wind and Solar Over Time (2000-2018) 

 

Source: BP Energy Outlook 2020 Edition. 
 

As illustrated below, the share of wind and solar in power generation in certain developed markets is even higher, 

and reflects 28%, 26% and 24% respectively in Germany, UK, and Spain. By comparison the U.S., which has a 

significant amount of potential for generating energy from wind and solar, only generated 9% of its power from these 

sources as of 2019, indicating the potential for significant growth. Additionally, there is tremendous potential for global 

adoption of wind and solar for power generation. Projections through 2035 from 2020 indicate an expected expansion 

of installed capacity of 327%, as noted earlier.173 

Exhibit 35: Share of Power Generation from Solar and Wind in Select Developed Markets Compared to the US 

 

Sources: BP Energy Outlook 2020 and BP Statistical Review of World Energy 2020. Data as of 2019. 

 

170 “How Do Wind Turbines Work?” U.S. Department of Energy, accessed May 31, 2021, https://www.energy.gov/eere/wind/how-do-wind-turbines-
work#learn. 

171 “How Does Solar Work,” U.S. Department of Energy, accessed May 31, 2021, https://www.energy.gov/eere/solar/how-does-solar-work. 
172 BP Statistical Review of World Energy 2020 69th Edition (Statistical Review of World Energy-all data, 1965-2019), 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html.  
173 “Global Installed Capacity,” Bloomberg New Energy Finance, accessed May 31, 2021, https://www.bnef.com/. 
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Contributing to the potential for growth are declines in costs. As discussed earlier, the new build levelized cost for 

solar and wind is estimated to have declined by -90% and -71%, respectively, from 2009 to 2020. Another driver for 

potential growth are technological advancements which have contributed to improvements in solar and wind sector 

capacity factors (the energy output as a percent of maximum output).174 From 2010 to 2020, the global weighted-

average capacity factor for the onshore wind sector increased by 33%175 while the utility-scale solar PV sector 

increased by 17%.176 

Risks and considerations to the expansion of wind and solar for renewable power generation include the issue of 

intermittency, as mentioned earlier. This issue arises from the fact that power generated by wind and solar assets are 

contingent upon adequate sunlight and wind and due to technological constraints including that relying upon battery 

storage alone to address intermittency issues may be prohibitively expensive. Despite these constraints, it should be 

noted that battery storage can be helpful in providing load balancing and behind-the-meter demand charge management 

capabilities, and in conjunction with technological improvements battery storage usage will also likely continue to grow. 

However, in the short term a different energy source may be required in order to provide reliable power and avoid 

interruptions. As can be seen in the chart below, due to intermittency from renewable wind and solar power generation, 

Germany has had to rely upon conventional power plants to meet electricity consumption demands. 

Exhibit 36: German Power Generation & Consumption During 1Q21 

 
Source: Agora Energiewende. Data as of March 2021. 
 

Natural gas may be one solution used to address intermittency issues from wind and solar, though the use of natural 

gas reduces the overall environmental benefits. Alternative forms of energy that may not have the same intermittency 

issues include hydropower and nuclear power. However, these solutions may have limited growth opportunities due 

to geographic constraints in the case of hydropower and social opposition in the case of nuclear power. 

As discussed earlier, other potential considerations presented by wind and solar adoption are the material intensity 

and geographic footprint required for wind and solar generation. By one estimate, an onshore wind turbine requires 

“fifteen hundred tons of iron, twenty-five hundred tons of concrete, and forty-five tons of plastic.”177 Depending upon 

the sourcing of these materials, this resource intensity may have its own environmental considerations. Additionally, 

wind and solar generally have less energy density than fossil fuels and as a result powering a particular area from 

these renewable sources will require a significantly higher amount of land resource dedication.178 

As a result of their ability to reduce GHG emissions from power generation, demand for wind and solar may increase 

significantly over the coming decades. However, constraints around the ability for wind and solar to provide 

continuous power generation, limitations of current battery technology, and the land and resource intensity of wind 

and solar present potential issues that may impede their ability to solely be relied upon in the near term. 

 

174 International Renewable Energy Agency, Renewable Power Generation Costs in 2020, 57. 
175 International Renewable Energy Agency, Renewable Power Generation Costs in 2020, 58. 
176 International Renewable Energy Agency, Renewable Power Generation Costs in 2020, 78. 
177 Daniel Yergin, The New Map: Energy Climate, and the Clash of Nations (New York: Penguin Press, 2020), 422, Kindle. 
178 Bill Gates, How to Avoid a Climate Disaster: The Solutions We Have and the Breakthroughs We Need (New York: Alfred A. Knopf, 2021), 58, Kindle. 
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Additional Information on Select Conventional Energy Sectors 

Crude Oil 

Discussions around energy transition often focus on crude oil demand and the impact that the proliferation of electric 

vehicles (EVs) may have on this commodity. This impact became even more pertinent due to COVID-19 driven 

demand destruction in 2020 which saw crude oil demand plummet by as much as 20% from the end of 2019 through 

April 2020,179 causing some commentators to question whether demand would ever return to pre-pandemic levels. 

Over a year since the initial global lockdowns, we see that crude demand has recovered substantially and by May 

2021 was estimated to be ~4.5% below average 2019 (pre-pandemic) levels, demonstrating the resilience in 

demand.180 An important factor for the outlook of crude oil demand is that road transportation currently accounts for 

only 49% of overall demand.181 The rest of crude oil demand comes from other areas, many of which are more 

difficult to substitute such as industrial uses and other forms of transportation including aviation. 

Exhibit 37: Global Crude Oil Demand by Usage 

  

Source: International Energy Agency (IEA). Data as of 2018. 
 

As discussed earlier, some estimates project an increase in crude oil demand between 2019 and 2030 of 6.3% 

despite an expectation of rapid adoption of EVs. Below, additional estimates and sensitivity analyses are shown to 

demonstrate how a loss of demand for crude oil from EV adoption may be offset by a growth in demand primarily 

from developing economies by looking at specific segments of the market. Referring back to our earlier breakdown  

of global economies and demand for energy by countries and regions, we note that the select Non-OECD 

countries below could account for demand growth of 10.7 MMbpd between 2019 and 2035 if we were to assume 

an average rate of growth per capita over these years to be two-thirds the level of average growth experienced 

between 2014 and 2019, and this per capita forecast was applied to the World Bank estimate for 2035 population 

for these countries.182 

  

 

179 Source: Goldman Sachs Global Investment Research. 
180 Source: Goldman Sachs Global Investment Research. 
181 Final Consumption,” International Energy Agency, accessed June 30, 2021, https://www.iea.org/reports/key-world-energy-statistics-2020/final-

consumption. 
182 Sources: BP Statistical Review of World Energy 2020 69th Edition, World Bank, and Goldman Sachs Asset Management. 
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Exhibit 38: Illustrative Potential Crude Oil Demand Growth from Select Non-OECD Countries 

 

Source: BP Statistical Review of World Energy 2020 69th Edition, World Bank, and Goldman Sachs Asset Management. Select 
Non-OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. 
Reflects views and estimates as of May 2021. 
 

Next, we can explore potential impacts of EV adoption on crude oil demand. One way to approach this question is to 

estimate the potential share of cars on the road that plug-in hybrid vehicles (PHEVs) and battery electric vehicles (BEVs) 

may reflect by 2035.183 In the U.S. as of 2020 PHEVs and BEVs on a combined basis reflected less than 1% of the cars 

on the road and during the year ~2.5% of car sales in the U.S. were for PHEVs and BEVs on a combined basis.184 

Based upon the below adoption trajectories we can see that if we assume an annual sales growth rate of 35% it could 

result in PHEVs and BEVs on a combined basis reflecting ~25% of the US light duty vehicle fleet by the year 2035. 

Exhibit 39: PHEVs + BEVs as a % of Total U.S. Light Vehicles Under Various Growth Scenarios 

 

Source: U.S. Department of Transportation, Transportation Research Center at Argonne National Laboratory, and Goldman Sachs 
Asset Management. Reflects views and estimates as of May 2021. 
 

If we assumed the same 25% level across a selection of OECD countries, and note the current percent of crude oil 

demand used for road transportation of 49%185 we find that it would imply a potential loss of crude oil demand of 4.2 

MMbpd based upon 2019 crude oil consumption levels, a loss which may largely be offset by growing demand for 

crude oil from developing markets as discussed earlier.186 

 

183 This example does not include the potential impact to crude oil demand as a result of hybrid electric vehicle (HEV) adoption. 
184 Source: Goldman Sachs Global Investment Research. 
185 This analysis assumes a full loss of crude oil demand for the combined PHEV and BEV fleet, though PHEVs may still utilize petroleum derived 

products. 
186 Sources: BP Statistical Review of World Energy 2020 69th Edition, World Bank, and Goldman Sachs Asset Management; Select OECD countries 

reflect Canada, France, Germany, Italy, Japan, Netherlands, Norway, Spain, United Kingdom, and the U.S. 
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Other risks to crude oil demand include greater fuel efficiency of ICE vehicles in the future and the potential for an 

even greater rate of global EV adoption. A more extreme scenario in which we assumed an annual sales growth rate 

of 40% per annum through 2035 would cause 32% of the select OECD global fleet to be made up of PHEVs and 

BEVs and would imply a reduction of 5.4 MMbpd under the same assumptions described above. Additionally, a rapid 

increase in EV share in developing markets—such as China—would also negatively impact crude demand 

expectations. Beyond this, efforts to replace petrochemical products with materials that produce lower GHG 

emissions could impact other sources of crude oil demand outside of the transportation sector, but would likely have 

to be cost competitive in order to replace hydrocarbon materials particularly in price sensitive markets. Meanwhile, 

upside to crude oil demand could arise due to lower adoption rates of EVs due to factors such as higher costs at time 

of purchase than comparable internal combustion engine (ICE) vehicles, or the removal of government incentives that 

are supportive of EV adoption. 

While these considerations reflect potential impacts to the demand side of crude oil, it is worth noting a few points on 

the supply side. Importantly, social pressure for energy companies to divest of oil production in order to reduce their 

contributions to global emissions may not result in an overall reduction of GHGs since this volume of crude oil may 

still get produced by another party if it is required to meet demand. To illustrate this point, based upon IEA estimates, 

the “oil majors” (also known as International Oil Companies or IOCs which typically includes BP, Chevron, 

ConocoPhillips, Eni, ExxonMobil, Royal Dutch Shell, and TotalEnergies) reflected only ~15% of crude oil production 

globally as of 2018 while national oil companies (or NOCs, which are fully or majority owned by national governments 

and include companies such as Saudi Aramco (Saudi Arabia), Rosneft (Russia), Petrobras (Brazil), and many others) 

and international NOCs (which are similar to NOCs in terms of ownership but have large upstream investments 

outside of their home country such as Equinor (Norway), Gazprom (Russia), and Sinopec (China)) accounted for over 

half of global production over this period.187 While publically traded energy companies may be sensitive to investor 

focus on GHG reduction, it may be more difficult for NOCs and international NOCs to balance decarbonization 

initiatives with government revenues received from the hydrocarbon industry.188 

Exhibit 40: Crude Oil Reserves and Production by Company Type 

 
Source: International Energy Agency (IEA). Data as of 2018. 
 

In summary, the variety of sources that utilize crude oil as a feedstock may dampen the impact upon demand from 

market shifts in any one particular area, such as transportation. Additionally, even under assumptions of significant 

growth in EV adoption rates, the demand lost in the transportation sector may be offset by growth elsewhere, 

particularly driven by global population growth and increasing wealth in the developing world. On the supply side, 

while publically traded energy companies may be responsive to investor pressure to moderate GHG emissions, 

NOCs may have greater difficulty in reducing production due to the reliance upon fossil fuel derived government 

revenues in host countries. 

  
 

187 International Energy Agency, The Oil and Gas Industry in Energy Transitions, 6. 
188 International Energy Agency, The Oil and Gas Industry in Energy Transitions, 6. 
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Natural Gas 

Similar to crude oil, natural gas is used for a variety of industrial and residential purposes including electricity 

generation, home heating, and in the production of fertilizers. The diversity in demand for natural gas in conjunction 

with the potential economic and environmental advantages it presents over other hydrocarbons has accounted for the 

growth in its market share in recent decades. These trends are likely to continue in the future though natural gas has 

increasingly been scrutinized both due to processes sometimes used for its production (such as hydraulic fracturing) 

as well as its lifecycle GHG emissions. 

Exhibit 41: Global Natural Gas Demand by Usage 

 

 

Source: Wood Mackenzie. Data as of 2020. 
 

A key driver for future natural gas growth is the potential for natural gas to continue to take market share from coal. In 

2018, 38% of global electricity generation was derived from coal and 23% came from natural gas. 

Exhibit 42: Share of Global Power Generation by Energy Source (2000-2018) 

 

Source: BP Energy Outlook 2020 Edition. 
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As mentioned earlier, on a per unit of energy basis coal may emit nearly twice as much CO2 as natural gas. 189 As a 

result a significant contributor to the reduction in GHG emissions in the U.S. as well as other economies is coal-to-

gas switching. In fact, the IEA estimates that between 2010 and 2018, coal-to-gas switching resulted in the avoidance 

of over 500 million tonnes of CO2 over this period, or the equivalent of an incremental 200MM EVs charged with 

zero-carbon electricity.190  

Besides potential environmental benefits from switching power generation to natural gas from more polluting sources, 

another source for future gas demand growth may arise from increased power consumption in the developing world. 

Similar to the example provided around crude oil demand, we note that select Non-OECD countries and regions could 

account for demand growth of 42.6 Bcf/day between 2019 and 2035 if we were to assume an average rate of growth per 

capita over these years to be two-thirds the level of average growth experienced between 2014 and 2019, and this per 

capita forecast was applied to the World Bank estimate for 2035 population for these countries.191 Relative to 2019 

global consumption of 380.2 Bcf/d this effect alone would account for an 11.2% growth over this time period.192 

Another factor that may benefit the future demand for natural gas is its potential to address the issue of intermittency 

from renewable sources of power generation such as solar and wind. This is because population centers may require a 

fuel which can provide power when renewable sources are not available (such as on cloudy days or during periods 

when the wind is not blowing). Since existing utility scale battery technology is often not economic to be solely relied 

upon, another fuel source often has to be available, and in many cases this could provide an opportunity for natural gas.  

On the other hand, potential risks to natural gas demand include environmental opposition to the use of natural gas 

for power generation due to GHG emissions (despite an improvement in CO2 emissions relative to coal) as well as 

environmental issues with processes used to produce gas, such as hydraulic fracturing. Additionally, a lack of clarity 

on future government environmental regulations around the world may act as a hurdle for investment in unabated 

natural gas-fired power plants. Mitigating factors to these concerns could arise from improvements in the technology 

to capture carbon at power plants, reductions in the leakage of methane in the natural gas value chain, and increased 

usage of renewable natural gas. 

Thus, while environmental opposition exists in some cases against the use of natural gas, there are a variety of 

factors that suggest the continued demand for the commodity in the coming decades. These include economic 

expansion in the developing world, potential environmental benefits from switching to natural gas from other fuel 

sources, and the use of natural gas as a baseload fuel in conjunction with renewable sources of energy. 

  

 

189 “How much carbon dioxide is produced when different fuels are burned,” U.S. Energy Information Administration, accessed May 31, 2021, 
https://www.eia.gov/tools/faqs/faq.php?id=73&t=11. 

190 “The Role of Gas in Today’s Energy Transitions,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/the-role-of-gas-
in-todays-energy-transitions. 

191 Select Non-OECD countries reflect Bangladesh, Brazil, China, India, Indonesia, Pakistan, Philippines, Vietnam, and the countries of Africa. World 
Bank estimate for 2035 population for these countries is as of May 2021. 

192 Sources: BP Statistical Review of World Energy 2020 69th Edition and Goldman Sachs Asset Management. 

https://www.eia.gov/tools/faqs/faq.php?id=73&t=11
https://www.iea.org/reports/the-role-of-gas-in-todays-energy-transitions
https://www.iea.org/reports/the-role-of-gas-in-todays-energy-transitions
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Natural Gas Liquids 

Natural gas liquids (NGLs) are another category of hydrocarbons to consider within the scope of the energy 

transition. These include ethane, propane, butane, isobutene, pentane, and pentane plus, which are used for a 

variety of industrial, residential, and transportation purposes from fueling barbeque grills to making plastics. As a 

result of the variety of their uses, a demand impact in a particular area may be offset by growth elsewhere. 

Exhibit 43: Natural Gas Liquids and Uses 

 

NGL Attribute Summary 

NGLs Examples of Applications End Use Products Primary Sectors 

Ethane • Ethylene for plastics production  

• Petrochemical feedstock 

• Plastic bags  

• Plastics 

• Anti-freeze 

• Detergent 

• Industrial 

Propane • Residential and commercial heating 

• Cooking fuel 

• Petrochemical feedstock 

• Home heating 

• Barbeque grills 

• Liquefied Petroleum Gas (LPG) 

• Industrial 

• Residential 

• Commercial 

Butane • Petrochemical feedstock 

• Blending with propane or gasoline 

• Synthetic rubber for tires 

• Lighter fuel 

• Liquefied Petroleum Gas (LPG) 

• Industrial 

• Transportation 

Isobutane • Refinery feedstock 

• Petrochemical feedstock 

• Alkylate for gasoline  

• Aerosols 

• Refrigerant 

• Industrial 

Pentane • Natural gasoline 

• Blowing agent for polystyrene foam 

• Gasoline 

• Polystyrene 

• Solvent 

• Transportation 

Pentanes+ • Blending with vehicle fuel 

• Bitumen production in oil sands 

• Gasoline 

• Ethanol blends 

• Oil sands production 

• Industrial 

• Transportation 

Sources: U.S. Energy Information Administration (EIA) and Goldman Sachs Asset Management. 
 

In terms of the potential outlook for NGLs going forward we observe that global petrochemicals growth has, in some 

cases, been greater than the rate of global GDP growth historically. For example, demand for plastic grew by nearly 

2.5x the growth of GDP between 1970-2015.193 Additionally, economic growth in select non-OECD countries and 

regions mentioned earlier has averaged 4.7% per year between 2014 and 2019. If this level of growth were to 

continue, it could imply a significant increase in demand for petrochemicals and the underlying NGLs which serve as 

feedstocks. For example, if we assume the relationship of petrochemical demand growth to GDP going forward was 

1.25x (half the observed growth in plastic demand versus GDP growth from 1970-2015), then it could imply potential 

annual demand growth of 5.9% in these economies. 

Similar to crude oil and natural gas, the economic dynamics which are supportive for NGLs include increasing economic 

development and the potential for higher demand due to rising wealth in the developing world. Offsetting these potential 

gains could be behavioral changes by consumers seeking alternatives to hydrocarbon based products. 

  

 

193 International Energy Agency, The Future of Petrochemicals, 18. 
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SWOT Analysis of Select Conventional and Alternative Energy 

Sectors 

Exhibit 44: SWOT Analysis: Select Alternative Energy and Cleantech Sectors 

SWOT Analysis 

Commodity / 

Technology 
Strengths Weaknesses Opportunities Threats 

Battery Storage • Form of storage that 

provides a low GHG 

emissions source of 

energy  

• Technological 

constraints limit 

circumstances batteries 

can be economically 

used for energy 

• Materials used for the 

production of batteries, 

including metals and 

minerals could  

present potential 

environmental, cost, 

social, and geopolitical 

considerations 

• Potential to address 

intermittency issues of 

renewable energy 

generation from 

sources such as wind 

and solar 

• Potential utilization with 

a variety of alternative 

and clean energy 

solutions including 

electric vehicles 

• Fossil fuels (such as 

natural gas and coal) 

and other alternative 

energy solutions (such 

as hydrogen storage) 

may be used in 

conjunction with 

renewable energy 

(such as wind and 

solar) to address 

intermittency rather 

than batteries due to 

economic and feasibility 

considerations 

Biofuels and 

Renewable 

Natural Gas (RNG) 

• Potentially lower  

GHG alternative to 

fossil fuels that in many 

cases can be blended 

or used entirely as a 

substitute for refined 

products or natural gas 

• Biofuel powered 

vehicles do not have 

the lengthy recharging 

and limited distance 

considerations that 

battery electric vehicles 

may have in some 

circumstances 

• Potential to utilize 

existing conventional 

energy infrastructure in 

certain cases 

• Often a higher cost 

alternative relative to 

equivalent fossil fuel 

substitutes without the 

benefit of government 

incentives 

• Performance issues in 

certain cases (for 

example biodiesel 

cannot be blended 

above a level of 5-20% 

for use in many diesel 

engines) 

• Growth opportunities as 

a low GHG alternative 

to fossil fuel derived 

products (such as 

diesel)  

• Potential alternative to 

other clean energy 

solutions (such as 

electric vehicles)  

• Demand is often driven 

by government 

incentive programs and 

therefore is reliant upon 

political support (such 

as the Renewable Fuel 

Standard (RFS), the 

Biodiesel Tax Credit 

(BTC), and the 

California Low Carbon 

Fuel Standard (LCFS) 

in the U.S.) 

Carbon Capture, 

Utilization, and 

Storage (CCUS) 

• Can be used in 

conjunction with fossil 

fuels to provide energy 

with abated emissions 

• Potential to utilize 

existing CO2 

infrastructure 

• Limited economic 

reasons to capture or 

sequester carbon, 

therefore likely to be 

reliant upon 

political/environmental 

driven incentives 

• Opportunity to be 

paired with fossil fuels 

and help to mitigate 

environmental impact 

• Potential for negative 

emissions solutions 

such as BECCS (when 

used in conjunction with 

bioenergy) and DAR 

(direct air capture) 

• Variability in 

government incentive 

programs may create 

uncertainty for future 

investment 
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SWOT Analysis 

Commodity / 

Technology 
Strengths Weaknesses Opportunities Threats 

Hydrogen • Potentially low GHG 

form of energy 

(depending upon the 

way in which hydrogen 

is produced) 

• Potential to utilize 

existing infrastructure 

(such as natural gas 

pipelines and natural 

gas power plants) 

though with volume 

limitations  

• Often a higher cost 

alternative relative to 

equivalent fossil fuel 

substitutes  

• Smaller molecular size 

relative to natural gas 

(methane) may allow 

for escape and be an 

issue for use in existing 

infrastructure 

• Highly flammable and 

may present safety 

considerations  

• Potential for hydrogen 

to serve as a low GHG 

fuel for storage, 

transportation, power 

generation, heating, 

and other industrial 

purposes 

• Potential use with fuel 

cells to address issues 

faced by other 

alternative energy 

sectors such as 

intermittency issues 

with renewable energy 

provided by wind and 

solar or distance 

limitations faced by 

battery electric vehicles 

(BEVs) in some cases 

• The high costs of 

“green” hydrogen 

currently (hydrogen 

produced from 

electricity that is 

generated from 

renewable sources) 

may limit market 

opportunity relative to 

other fossil fuel 

alternatives 

Wind/Solar PV • Potential to produce 

competitively priced 

and low GHG emitting 

energy  

• Intermittency issues 

mean that wind and 

solar cannot solely be 

relied upon as a source 

for energy (due to 

variability in sunlight 

and wind)  

• Infrastructure 

challenges to long 

distance transmission 

of energy generated by 

wind/solar 

• Generally, wind and 

solar require more land, 

materials, and 

resources (such as 

metals and minerals) 

than fossil fuels for an 

equivalent amount of 

power generation which 

presents potential 

environmental, cost, 

social, and geopolitical 

considerations 

• In the future, waste 

from solar panels and 

wind turbines after their 

useful life may become 

an issue absent 

recycling solutions 

• Significant growth 

opportunities as global 

economies establish 

net zero emissions 

targets 

• As adoption increases, 

intermittency will 

increasingly become an 

issue and other forms 

of power generation 

may be relied upon to 

pair with wind and 

solar, including 

batteries and fossil 

fuels such as natural 

gas and coal 

• Variability in 

government incentive 

programs (for example, 

investment tax credits 

(ITCs) and production 

tax credits (PTCs) in 

the U.S.) may be a 

source for uncertainty 

in future investment 
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Exhibit 45: SWOT Analysis: Select Conventional Energy Sectors 

SWOT Analysis 

Commodity / 

Technology 
Strengths Weaknesses Opportunities Threats 

Coal • Multiple demand 

channels including 

power generation and 

use in the production 

of steel 

• Negative 

environmental impacts 

including that coal is a 

leading source of 

GHGs and is 

estimated to reflect 

over 40% of energy 

related carbon dioxide 

emissions194 

• Global population 

growth and increasing 

wealth in emerging 

markets may create 

additional demand for 

coal, with significant 

increases in demand 

for coal coming from 

China and India in 

recent decades 

• Potential to be used in 

conjunction with 

carbon capture, 

utilization and storage 

(CCUS) 

• Demand loss due to 

adoption of renewable 

alternatives to coal 

powered electricity 

such as wind and solar 

• Demand loss driven by 

lower GHG emission 

sources for power 

generation, including 

natural gas 

Crude Oil • Variety of demand 

channels with only 

49% of demand from 

road transportation195  

• Difficult to replace 

sources of demand 

such as aviation, 

marine, and heavy 

industry 

• Existing dedicated 

global infrastructure for 

production, 

transportation, refining, 

and consumption 

• Use of crude oil results 

in negative 

environmental impacts 

including the emission 

of GHGs  

• Supply and price 

influenced by OPEC+ 

• Geopolitical 

developments can 

impact supply 

• Global population 

growth and increasing 

wealth in developing 

markets will create 

additional demand for 

crude oil derived 

products and services 

(for example, some 

estimates suggest that 

~80% of the world’s 

population has never 

flown in a plane)196 

• Potential for derivative 

products to be blended 

with biofuels thereby 

mitigating overall 

environmental impact 

from the use of crude 

oil derived products 

• Potential to be used in 

conjunction with 

carbon capture, 

utilization and storage 

(CCUS) 

• Potential for loss of 

demand due to 

adoption of electric 

vehicles and other low 

GHG emitting 

alternatives  

• Social efforts to reduce 

investment in crude oil 

related businesses, 

shift consumer 

demand away from 

crude oil, and oppose 

the construction of 

crude oil infrastructure  

• Political incentives to 

reduce crude oil use 

 

194 “Coal 2019,” International Energy Agency, accessed May 31, 2021, https://www.iea.org/reports/coal-2019. 
195 “World total final consumption (TFC) by source,” International Energy Agency, accessed June 15, 2021, https://www.iea.org/reports/key-world-

energy-statistics-2020/final-consumption. 
196 Lizzy Gurdus, “Boeing CEO: Over 80% of the world has never taken a flight. We’re leveraging that for growth,” CNBC, December 7, 2017, 

https://www.cnbc.com/2017/12/07/boeing-ceo-80-percent-of-people-never-flown-for-us-that-means-growth.html; Reflects comments 
made by Boeing CEO Dennis Muilenburg on 12/7/2017. 

https://www.cnbc.com/2017/12/07/boeing-ceo-80-percent-of-people-never-flown-for-us-that-means-growth.html


 

A PRIMER ON THE ENERGY TRANSITION FROM FOSSIL FUELS TO ALTERNATIVE ENERGY 

 

 

 

  

Energy Infrastructure & Renewables Goldman Sachs Asset Management 62 
 

SWOT Analysis 

Commodity / 

Technology 
Strengths Weaknesses Opportunities Threats 

Natural Gas • Variety of demand 

channels including 

power generation as 

well as industrial and 

agricultural use 

• Seen as a “bridge” fuel 

with lower carbon 

emissions than other 

fossil fuels such as 

coal 

• Existing dedicated 

global infrastructure for 

production, 

transportation, 

processing, and 

consumption 

• Use of natural gas 

results in negative 

environmental impacts 

including the emission 

of GHGs 

• In some cases, the 

production of natural 

gas utilizes a process 

called hydraulic 

fracturing (also known 

as fracking) which may 

have negative 

environmental impacts  

• Natural gas (methane) 

leakage from use and 

transportation of 

natural gas also 

contributes to GHG 

emissions 

• Global population 

growth and increasing 

wealth in emerging 

markets may create 

additional demand for 

natural gas (for 

example, ~10% of the 

world’s population 

does not currently 

have access to 

electricity)197 

• Potential for natural 

gas to serve as a 

solution for 

intermittency issues 

facing some renewable 

power generation 

sources such as wind 

and solar  

• Potential for natural 

gas to be used in 

conjunction with 

renewable natural gas 

or hydrogen for power 

generation thereby 

reducing overall 

negative 

environmental impact  

• Potential to be used in 

conjunction with 

carbon capture, 

utilization and storage 

(CCUS) 

• Potential for loss of 

demand due to 

renewable alternatives 

to natural gas powered 

electricity and heat, as 

well as demand 

destruction driven by 

other low GHG 

solutions 

• Social efforts to reduce 

investment in natural 

gas related businesses 

and consumer demand 

for natural gas 

• Environmental 

opposition to certain 

techniques of 

production including 

hydraulic fracturing 

(also known as 

fracking) 

• Political incentives to 

reduce natural gas use 

and oppose the 

construction of natural 

gas infrastructure 

Natural Gas 

Liquids 

• Variety of demand 

channels ranging from 

plastics to home 

heating 

• Existing global 

infrastructure and 

petrochemical facilities 

for production, 

transportation, 

processing, and 

consumption 

• Use of natural gas 

liquids results in 

negative environmental 

impacts including the 

emission of GHGs 

• Global population 

growth and increasing 

wealth in developing 

markets will likely 

create additional 

demand for natural gas 

liquids such as 

consumer products that 

require plastic or rubber 

and industrial 

petrochemical 

processes 

• Demand loss due to 

low GHG alternatives to 

NGL derived products 

such as sustainable 

alternatives to single 

use plastic bags 

• Political/social initiatives 

to reduce 

petrochemical products 

use and shift away 

consumer demand for 

natural gas liquids 

 

  

 

197 BP, Energy Outlook 2020 Edition, 31. 
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Sachs Asset Management International (GSAMI), Goldman Sachs International (GSI), Goldman Sachs Asset Management, LP 
(GSAMLP) or Goldman Sachs & Co. LLC (GSCo). Both GSCo and GSAMLP are regulated by the US Securities and Exchange 
Commission under US laws, which differ from Australian laws. Both GSI and GSAMI are regulated by the Financial Conduct 
Authority and GSI is authorized by the Prudential Regulation Authority under UK laws, which differ from Australian laws. GSI, 
GSAMI, GSCo, and GSAMLP are all exempt from the requirement to hold an Australian financial services licence under the 
Corporations Act of Australia and therefore do not hold any Australian Financial Services Licences. Any financial services given to 
any person by GSI, GSAMI, GSCo or GSAMLP by distributing this document in Australia are provided to such persons pursuant to 
ASIC Class Orders 03/1099 and 03/1100. No offer to acquire any interest in a fund or a financial product is being made to you in this 
document. If the interests or financial products do become available in the future, the offer may be arranged by GSAMA in 
accordance with section 911A(2)(b) of the Corporations Act. GSAMA holds Australian Financial Services Licence No. 228948. Any 
offer will only be made in circumstances where disclosure is not required under Part 6D.2 of the Corporations Act or a product 
disclosure statement is not required to be given under Part 7.9 of the Corporations Act (as relevant). 

Canada: This presentation has been communicated in Canada by GSAM LP, which is registered as a portfolio manager under 
securities legislation in all provinces of Canada and as a commodity trading manager under the commodity futures legislation of 
Ontario and as a derivatives adviser under the derivatives legislation of Quebec. GSAM LP is not registered to provide investment 
advisory or portfolio management services in respect of exchange-traded futures or options contracts in Manitoba and is not offering 
to provide such investment advisory or portfolio management services in Manitoba by delivery of this material. 

Japan: This material has been issued or approved in Japan for the use of professional investors defined in Article 2 paragraph (31) 
of the Financial Instruments and Exchange Law by Goldman Sachs Asset Management Co., Ltd. 

Index Benchmarks 

Indices are unmanaged. The figures for the index reflect the reinvestment of all income or dividends, as applicable, but do not reflect 
the deduction of any fees or expenses which would reduce returns. Investors cannot invest directly in indices. 

The indices referenced herein have been selected because they are well known, easily recognized by investors, and reflect those 
indices that the Investment Manager believes, in part based on industry practice, provide a suitable benchmark against which to 
evaluate the investment or broader market described herein. The exclusion of “failed” or closed hedge funds may mean that each 
index overstates the performance of hedge funds generally. 

Confidentiality 

No part of this material may, without GSAM’s prior written consent, be (i) copied, photocopied or duplicated in any form, by any 
means, or (ii) distributed to any person that is not an employee, officer, director, or authorized agent of the recipient. 
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