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The following toolkit was developed by BSR, a sustainable 

business network and consultancy focused on creating a world 

in which all people can thrive on a healthy planet. The 

perspectives expressed solely reflect the views of BSR and the 

authors and have been informed by desktop research, 

insights, and discussions. 

This document was authored by Saad Khan, Nina Hatch, and 

Ameer Azim. Additionally, the authors thank colleagues at BSR 

for their support in the creation of this guidance. Any errors 

that remain are those of the authors. Please direct comments 

or questions to BSR.

This guidance contains research, findings, and insights to 

support companies in their climate transition. The content may 

be revised as the context and topic, company action on climate 

transition, and stakeholder expectations evolve and advance.
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Successful transition strategies have embedded strategic enterprise benefits beyond the goal of corporate responsibility. 

Businesses can mitigate transitionary climate risks related to their emissions and energy use, develop new products and 

technologies that take advantage of the broader transition, comply with global regulations, and meet expectations from key 

stakeholders, fostering brand and organizational loyalty. 
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Business Benefits of Net Zero

Levers Industry Sectors

Unless the world acts today to dramatically 

curb emissions, we will face severe 

impacts from climate change with severe 

risks to business.

Reduction in emissions is critical for 

continued business and economic 

success.

Global leaders are taking decisive action to 

curb emissions that put substantial 

compliance burden and cost on 

companies. Those businesses making 

credible commitments and taking proactive 

action to design solutions will have the 

opportunity to get ahead of regulation and 

their competitors.

There will continue to be growing interest 

from investors, customers, employees, and 

other critical stakeholders to reach net 

zero. Those who do not take credible and 

legitimate action will increasingly be left 

behind.

There is an immediate opportunity for 

business to be a key player in the 

transition economy, including being a first-

mover in a world that is facing stagnating 

economic growth, meeting new market 

needs and capturing new customers, and 

building resilience in face of competition 

for transition technology.

Companies that focus on business transformation and enabling systemic change, including through the promotion of Just Transit ion  principles, will have the 

chance to capture these opportunities and gain market share, setting them up for long -term resilience. 

Mitigate Climate Risk Comply with Regulation Meet Stakeholder Expectations Business Transformation
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How to Use this Resource

Levers Industry Sectors

Å This guidance presents decarbonization levers critical to the energy 

transition, mapped to sectors where they are most applicable.

Å The decarbonization levers and technologies presented here apply first to 

the underlying activities that generate emissions, rather than to sectors 

themselves. 

Å To use this resource effectively, begin by examining your own inventories 

to identify the key sources of emissions and the activities that drive them. 

Å Once those activities are clear, map them to the relevant technologies and 

decarbonization levers. 

Å From there, navigate to the sector pages where the application of those 

levers is most typical and prevalent for business-model context. 

Å Finally, explore and discuss how the technology can be deployed in the 

specific context of your company, considering operational realities, 

financial planning, and external dependencies, to inform a credible, 

actionable transition plan.

Å The Transition Plan Taskforce provides  the above framework, consisting of three guiding 

principles (Ambition, Action, and Accountability), and five elements (Foundations, Implementation 

Strategy, Engagement Strategy, Metrics & Targets, and Governance), which make up a high-

quality public transition plan. 

Å This tool offers support with the óActionô element, by providing a mapping of decarbonization 

levers to business operations, highlighting how they may be integrated into financial planning, and 

providing guidance on outward dependencies and impacts that should be actively managed to 

achieve a successful transition. 

https://www.ifrs.org/content/dam/ifrs/knowledge-hub/resources/tpt/disclosure-framework-oct-2023.pdf


The Industry Sectors
The sectors were identified by considering the standard list of S&P 500 sectors 

alongside those that are highly relevant to the climate transition, as identified by 

the International Energy Agency (IEA).

Each industry slide includes key decarbonization levers that may be relevant to 

the industry as a whole.

Companies can explore potential decarbonization levers by navigating to their 

industry. This is not exhaustive but can serve as directional guidance for most 

companies within the sector. 

Additionally, a company should consider their broader GHG inventory. If your 

company is reliant on another industry for business success (e.g., you ship your 

goods via maritime shipping) or operates in the intersection of multiple sectors, 

you may also navigate to additional industry slides to explore what 

decarbonizing your supply chain could entail when evaluating the diversified 

segments of the business. 
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Apparel and Textiles

Automotives

Aviation

Buildings and Construction

Communications & Telecom

Consumer Goods

Chemicals

Energy 

Financial Services

Food & Beverage

General Manufacturing & Industry

Healthcare

Information Technology

Shipping & Logistics

Mining & Extractives

Professional Services



The Levers
The decarbonization levers were identified considering credible 

net-zero scenarios, taxonomies, and BSR research and expertise.

Information Details

Range of costs to 

implement the 
technology

Each lever highlights a range of potential costs for implementation, 

looking at sub-technologies. Utilize this information to help explore 
potential financial implications of transition technologies.

Mitigation 

potential of the 
technology

Each technology is evaluated for the scale of decarbonization possible, 

expressed in intensity-linked emissions savings

Key dependencies 

and external 
factors for lever 

success

The success of each technology may hinge on external factors and key 

dependencies. This information will help companies with climate 
transition plan disclosure, while providing an understanding of what 

likely needs to be true for success.

Key impacts on 

nature and people 
related to lever 

implementation

Lever implementation may come with negative impacts on nature and 

people. This information will help companies better understand actual 
and potential impacts to people and nature, mitigate harm, and develop 

proactive strategies for providing remedy if needed. 

Net Zero 2050 

Pathway

A description of the pathway to a successful net-zero state in 2050, 

considering individual industry dynamics and key dependencies and 
hurdles. 

Electricity and Energy

Bioenergy 

Energy and 
Electricity Storage

Geothermal

Low Emission 
Hydrogen

Grid Technologies
and Modernization

Hydropower

Nuclear

Solar

Wind

Buildings

Efficient Fixtures

Building 
Envelopes

Data Center 
Cooling

Refrigerants

Efficient Heating 
and Cooling

Transport

Light-Duty and 
Micromobility

Maritime 
Decarbonization

Aviation 
Decarbonization

Freight 
Decarbonization

Public Transport

Industry

Low Carbon Cement

Low Carbon Steel

Low Carbon 
Aluminum

Chemicals

CCUS

Flag and Water

Afforestation, 
Reforestation, and 
Restoration

Ecosystem Protection 
and Conservation

Agricultural Methane 
Solutions

Regenerative Farming 
& Nitrogen 
Management
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Typical ólong-termô business strategy planning 

looks out only 5 years where there is limited 

uncertainty.

Companies tend to focus on efforts for near-term 

emissions reduction. Long-term net-zero 

planning requires not only near-term 

technological action but strategically thinking 

about the company vision and business model.

To achieve Net Zero, companies must act on 

long-term time horizons, where uncertainty is 

high, and potential pathways of action are many. 

Companies must accompany technological 

implementation with broader systemic changes 

and business transformation for success and 

resilience over the long term. 

Many companies are not yet taking decisive and focused action due to the long-term uncertainty facing businesses in the path to 1.5°C. 

Companies seek and desire a clear transition plan to get to 1.5°C, but long-term uncertainty limits the development of clear roadmaps.  

Planning With a 10 -, 20-, and 30-Year Time Horizon Is Challenging



No one company or single technology can achieve net zero. Doing so requires shifting the focus from individual company action to systemic change 

and broadening the conversation beyond specific technologies. Net zero involves a transformation that requires better business models, supporting 

policies, and behavior changes. In addition to the technological levers in this library, businesses should consider transformation levers including:
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Long -Term Success Requires Business Transformation and 

Systemic Change

Non-Technological Lever Purpose Examples

Operational and Purchasing 
Changes

Shift the demand-side paradigm to build markets for low-carbon 
offerings and shrink demand for higher-emitting products. 

Å Rental of products and utilization of secondhand markets
Å Employee carpooling incentives

Public Policy and Advocacy Engage governments with industry insight on key obstacles to 
decarbonization, unlocking public finance, supportive 
legislation, and permissive permitting processes. 

Å Advocacy to enable innovation incentives, such as subsidies or tax 
programs

Å Collaboration with government for systemic change support

Supplier Engagement Assist suppliers with shifting their operations to lower-carbon 
alternatives, particularly for small, resource-constrained 
businesses. 

Å Training suppliers and developing formal engagement mechanisms 
Å Support for suppliers to change procurement or manufacturing practices

Customer Engagement Guide customers on how to approach changes to lifestyle and 
consumption, to minimize friction and maintain brand support. 

Å Customer engagement to increase lifestyle and consumption changes, 
and changes to purchasing processes for corporate clients

Industry Collaboration Utilize shared resources and capacity to achieve economies of 
scale through demand-side levers and accelerate research 
efforts. 

Å Working across industry to tackle systemic industry-wide challenges 
(e.g., green ammonia availability, storage and transport infrastructure 
buildouts)

Business Model Transformation Adapt business models to structurally reduce emissions 
intensity of operations and proactively prepare for 
macroeconomic effects of the transition. 

Å Circularity-first business models
Å Product as a service models
Å Review of business lines that are incompatible with net zero and 

development of new business lines that enable the transition
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International Cooperation 
and Globalization

Hydrogen
Green 

Financing
Workforce 
Evolution

Decarbonization as 
Industrial Policy

Integrated Energy 
Systems

Systematic and 
Institutional Adaptability

Assembling this research 

surfaced the overarching 

importance of the following to 

enable success and evolution 

of transition technologies.

Cross -Lever 

Insights

International Cooperation and Globalization

Hydrogen

Green Financing

Workforce Evolution

Decarbonization as Industrial Policy

Integrated Energy Systems

Systematic and Institutional Adaptability



International Cooperation

Achieving net zero by 2050 is dependent on the compliance of every nation in remaking their energy and economic systems. There is an 

inherent interdependence in doing so: countries with competitive advantages in renewable energy- and infrastructure-related manufacturing 

(most commonly China) and resource availability (spread across the world) are poised to use excess production capacity to drive an affordable 

transition for the rest of the world. The coordination required demands a high level of standardization to incentivize actors toward positive and 

productive outcomes, from biomass feedstock deforestation policies to the redevelopment of the global port system to accommodate low-

emission vessels. 

In the current environment of de-globalization, tariffs, and supply-chain shocks, such an environment would require significant reconfiguration 

of the global political and economic order. Most pertinently, the battle lines of the great-power struggle between China and the United States 

have extended to the future of energy. The U.S. has become the worldôs largest producer and exporter of oil and gas (O&G), while China has 

surged to become the seemingly insurmountable dominant manufacturer and exporter of renewable energy infrastructure. While the costs of 

climate change are increasingly well recognized and felt in the U.S., they are being weighed against the economic impacts of shuttering O&G 

facilities and the geopolitical risks of offloading energy generation infrastructure to what is portrayed as a potential adversary. 

There exists a middle ground and potential forward paths. While a détente in relations and increasing cooperation presents the simplest and 

most affordable way to transition, domestic investments in renewable energy generation production, potentially made competitive through 

implementation of advanced robotics, automation, and subsidies, can reshore production to the U.S. While a shift away from the petrodollar 

system may appear threatening to the greenback, its deep structural qualities for trade still remain: most renewable energy assets exported 

from China are denominated in dollars, as are the raw materials across the value chain. A shift to renewable energy and Chinese dominance of 

energy generation infrastructure need not imperil the US economy, and a more prosperous outcome for all may be found through cooperation. 

American sophistication and resources in software, financing, insurance, and general R&D can each underline the scale and efficiencies 

needed to advance global transition-related production and capability. 
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Key 
Takeaways

Key Takeaway:



Hydrogen

Renewable-driven electrification can solve for much of the transition, but it has limitations due to the need for battery storag e and its inability to 

be used as a substitute for fossil fuels in chemical reactions. This is where hydrogen holds key: it is a storable, flexible chemical carrier that can 

be used in combustion, catalysis, and synthesis, just like fossil fuels. 

Namely, hydrogen can be used in high-temperature industrial processes that are not reasonable to electrify, as clean molecular feedstock in 

the production of ammonia, methanol, and steel, and in long-distance transport where batteries are not feasible. Hydrogen itself can be 

transported easily across oceans, allowing the modular global mobilization of clean energy across resource-scarce contexts. It also facilitates 

dynamic energy systems: excess electricity can be used to produce hydrogen, which effectively stores the energy like a battery would. This can 

be stored in tanks, caverns, or pipelines, and then used for electricity or industrial fuel as needed. 

However, global electrolyzer capacity, which is effectively translated to manufacturing capacity, is still under 1 percent of the projected 2050 

net-zero requirement. This means that a successful transition of the hardest-to-abate sectors is reliant on the scaling of supportive 

infrastructure. This includes compression, storage, transport, terminal facilities, in addition to workforce and social implications of growing a 

heavy industry by a hundredfold within 25 years. 

Investment has been muted largely due to uncertain demand-side signals. Facilities usually launch alongside offtake and purchase guarantees 

from industrial partners launching green pilots. Expanding these programs, with public support and industry cooperation, is the only way 

sufficient capacity and infrastructure can be built. National production and purchase targets must be developed, and taxes levied on high-

emissions industry and transport to incentivize switching to lower-carbon alternatives. Ultimately, electrolyzer operating costs, and thus the cost 

of hydrogen production, is dependent on the price of localized renewable electricity. Large, dedicated, integrated production hubs, where the 

raw implements of water and renewable energy are abundant, may support global consumption, facilitated by hydrogenôs transportability. 
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Green Financing

Transition economics are front-loaded: most costs are capital expenditures, while most benefits (energy savings, resilience, avoided emissions) are 

back-loaded and distributed. Financing mechanisms must therefore do two things at once: mobilize capital at scale and reduce perceived and real 

risks. This requires a layered mix of instruments, institutions, and incentives spanning the public and private sectors.

Public finance plays a catalytic role. Subsidies and tax credits, such as those in the U.S. Inflation Reduction Act, directly lower capital costs, shift 

investment curves, and reduce the payback period for early movers. Beyond direct support, governments increasingly act as market makers: using 

purchase guarantees, contracts-for-difference (CfDs), or floor-price mechanisms to underwrite demand in uncertain or emerging markets like green 

hydrogen, sustainable aviation fuel (SAF), or carbon capture. Advance market commitments (AMCs), originally used in vaccine deployment, are 

now being applied to breakthrough decarbonization tech to guarantee volume and price once performance criteria are met. These tools reduce 

offtake risk, making projects bankable.

Innovation financing must target the full tech stack. Grant funding, prize-based incentives, and mission-driven R&D agencies play a key role in 

maturing technologies toward commercial readiness. 

Carbon markets and credits provide a second pillar. Where properly implemented, they price externalities and create revenue streams for 

emissions reduction. Voluntary carbon markets are increasingly structured around high-integrity, additionality-certified credits (e.g., engineered 

removals, nature-based solutions). Regulated markets, such as the EU Emissions Trading System (ETS) or Chinaôs national system, are tightening 

caps and expanding sectoral coverage, creating clearer forward price signals. 

Green bonds, sustainability-linked loans, and blended-finance vehicles are scaling, but many projects, especially in emerging markets, face high 

sovereign or counterparty risk. Development finance institutions (DFIs), export credit agencies, and multilateral banks play a bridging role offering 

first-loss capital, credit enhancements, and guarantees to crowd in private investment.  Public-private platforms can de-risk early deployment, co-

invest in strategic infrastructure (e.g., hydrogen corridors, EV charging networks), and provide technical assistance to build project pipelines. 
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Workforce Evolution

Planning, installing, operating, and maintaining the energy and techno-economic systems of the future will require wide upskilling and reskilling of 

labor. Unlike earlier industrial shifts, which unfolded over a generation and allowed time for workers to retrain, todayôs transition is occurring at a 

much faster clip, driven by disruptive technologies, digitization, and AI. This speed demands a far more deliberate and well-financed approach to 

workforce development, built on sustained capital commitments for reskilling programs worldwide. At the same time, the transition must be guided 

by Just Transition principles: workforce evolution should be people-centered, gender-responsive, age- and disability-inclusive, and anchored in 

meaningful participation of stakeholders, especially unions and worker representatives, through structured social dialogue.

The shift to renewable energy has already revealed the social risks and opportunities at stake. Fossil phase-downs pose the potential for large, 

geographically concentrated job losses, particularly in the oil and gas sector, but the massive new investment required to decarbonize energy 

systems could generate several times more jobs if the workforce is prepared to take them. Skills will be needed across the value chain: highly 

competent scientists and engineers to fuel R&D and innovation; digital specialists who can manage the AI-driven data ecosystems underlying 

energy infrastructure; and millions of operational, construction, and maintenance professionals as the physical build-out scales across 

geographies. This underscores the need for dedicated STEM and technical pathways, expanded vocational programs, and cross-disciplinary 

training that transfers digital competencies to physical industrial and energy system applications

Treating ódecarbonization as industrial strategyô demands prioritization of labor policy. Industries and governments should co-invest in retraining 

initiatives, develop systems that can flexibly match mobile labor with local project needs, and ensure inclusive education pipelines that prepare 

underrepresented groups for participation. Financial flows must be directed not only to technologies and infrastructure but also to the human capital 

that enables their deployment. Policy frameworks should support just transition commitments, protecting land rights, embedding social safeguards, 

and tying subsidies or carbon-removal credits to demonstrable workforce outcomes. This approach turns the rapid pace of disruption into an 

engine for opportunity, ensuring that the renewable and low-carbon economy is both technically viable and socially legitimate.
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Decarbonization as Industrial Policy

Crucial to managing the social, democratic support for the transition is to ensure that it remains good economic policy. Asking populations to vote 

against their ready economic gain, to reduce future risks that may not be locally acute, has proven challenging. These challenges will only deepen 

as global competitiveness continues to rise alongside heightening local inequalities, sharpening debates around prosperity tradeoffs. 

Positioning an economy for success in the transition may take many forms and will vary according to each economyôs relative strengths. For 

example, the Netherlands has unique expertise in geoengineering and wind energy due to centuries of practice, while China has the industrial and 

labor capacity to dominate manufacturing. Further upstream, the African continent has plentiful supplies of mineral wealth needed for the transition. 

As renewable energy assets are most often capital expenditures, where a fixed asset, such as a solar panel or windmill, only needs to be paid for 

once (debt payments notwithstanding), they have different profiles than fossil fuels, which are constantly consumed, requiring an outflow of dollars 

at floor prices set by producer countries to maintain profits. The renewable energy promise of effectively zero marginal cost of electricity, 

(maintenance cost notwithstanding) holds the key to enabling affordable industrialization of all forms across the world. Even for countries that are 

not economically competitive in manufacturing equipment, or designing complex systems or software, renewable energy adoption can create 

energy abundance and security in a way that fossil fuels have not been able to. 

A complete shift cannot occur overnight; significant investment and planning is needed in grid systems, replacing high-emissions industry, and 

transport. This can only be done through intentional government policy, which coordinates the economic and physical realities of the realm, 

prioritizing the highest-return enablers, clearing regulatory obstructions (most often through land-use restrictions), and the direction of public-private 

partnerships. 

Developing low-emission industry allows countries to position themselves and their companies as suppliers for conscious procurers and bypass 

taxes and levies, such as those imposed and planned by the EU on higher-emission goods. The systematic reconfiguration and recalibration of 

global systems for the transition presents opportunity for developing nations to develop clean industrial capacity, use it to enter new export 

markets, and develop technical expertise with significant second-order effects on growth. 
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Integrated Energy Systems

Achieving net zero demands real-time coordination between generation, storage, consumption, and conversion across multiple energy sources 

and uses. This includes modernizing outdated grid infrastructure that was built for one-way power flow, not for bidirectional, distributed 

generation. The grid must evolve into a highly responsive, sophisticated platform that handles a high share of variable renewables, integrates 

devices like EVs and heat pumps, and dispatches demand-side assets by responding dynamically at residences, charging EVs, and other 

distribute assets to level fluctuations in power supply. 

Storage is the foundation of this flexibility. While batteries balance short-term imbalances, long-duration and seasonal storage solutions, such 

as thermal, pumped hydro, or hydrogen, are required to buffer deeper fluctuations. These must be co-optimized with energy conversion 

systems like electrolyzers, smart heat networks, and vehicle-to-grid infrastructure to smooth volatility. 

Demand response, whether via smart appliances or industrial load shifting. must be digitally integrated to turn passive consumers into active 

participants. Integrated systems extract value from every unit of energy by reusing heat, co-optimizing electrons and molecules, and reducing 

curtailment, and emphasizing interoperability. These systems create resilience, not just emissions reductions, by providing grid independence 

for critical facilities, microgrids during climate shocks, and more affordable and bountiful power for communities left behind by legacy 

infrastructure.

AI and machine learning technologies serve as the system's central nervous system, enabling predictive control, anomaly detection, asset 

optimization, and price-responsive dispatch across millions of distributed devices. These models forecast solar and wind generation, predict 

grid congestion, optimize storage cycles, and enable transactive energy markets in which buildings and vehicles act as autonomous agents 

bidding in real-time; human monitoring is likely insufficient for the future complexity of the energy system. 

These benefits require regulatory modernization, market redesign, and public-private coordination. If successful, integration provides a force 

multiplier: lowering costs, enhancing reliability, and accelerating electrification across buildings, transport, and industry. Without it, we build 

more generation but operate it inefficiently, adding to the societal burden of the transition by sub-optimally drawing resources. 
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Systematic and Institutional Adaptability

The perspectives presented in this presentation, carving seemingly rigid technoeconomic pathways to net zero by 2050, are only potential 

illustrations of how this can occur given our current knowledge. A complex task in building Integrated Assessment Model (IAM) assumptions is 

thinking about the rate of technological improvement (which is a useful proxy for productivity or economic growth), which does not even approach 

the type of improvement that may occur. The price of solar panels, for example, has fallen precipitously over the last 15 years due to virtuous 

cycles of investment, deployment, competition, and refinement; 15 years ago, industry participants projected a far more gradual price decrease. 

Alternatively, as with Enhanced Geothermal Systems (EGS), a technological breakthrough may fundamentally upend the way a technology is 

deployed and utilized. 

These changing dynamics mean that the corresponding policy and capital environment must maintain a state of adaptive flux. While predictable 

policy is a cornerstone of long-term capital investment, the ability for policy to adjust to changing circumstances will not only ease the logistical 

pathways to the transition but will also ensure a more efficient allocation of resources, reducing the societal and economic tradeoffs. 

This may come in many forms, particularly when considering public-private partnerships, and the deployment of capital from both sources. 

Consider an example of a country which has successfully manufactured windmills, to the extent to which it has built export capabilities. This was 

partially achieved by government schemes to lower the cost of capital offered by banks, coordination with local suppliers, and to create workforce 

training initiatives. Now suppose a combination of green-steel manufacturing and robotics make another country suddenly more competitive in both 

pricing and efficiency savings. What does the first country do? How does it weigh localized economic losses against the global coordination 

required to enable the transition? It may find it appropriate to switch manufacturing to component pieces, which can be assembled by robots 

overseas. It may seek to produce its own green-steel, allowing later-stage manufacturing to move overseas. Or it may invest in value-additive 

processes; by either choosing to compete directly, or to find specializations where it can win, such as floating windmills. 

An incalculable number of these quandaries and game-theory dynamics will exist and further complicated by the inherent competition between 

nations and firms. As technology, particularly decarbonization technologies due to their interrelation with industrial capacity, advances and systems 

grow more complex, developing the flexibility to reposition and refresh policy approaches will minimize economic frictions and limit social backlash.   
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Shipping & Logistics

Mining & Extractives

Professional Services
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Key Decarbonization Levers

The apparel and textiles industry encompasses the 

production, processing, and distribution of fabrics and 

garments. It includes several stages: the production of 

textiles and fabrics from raw materials, the transformation of 

those fabrics into apparel and accessories, distribution to 

customers, and end-of-life disposal.

Overview

Á The global fashion industry accounts for an estimated 

3-8% of total GHG emissions, and the industryôs 

emissions are expected to increase by about 30% by 

2030 if no action is taken. 

Á Raw material production and processing, 

manufacturing, and transport form the bulk of 

emissions from the apparel and textiles industry. 

Á Upcycling, refurbishment, and alternate business 

models such as rentals are vital in shifting the industry 

away from energy and materials-intensive native 

manufacturing. 

Apparel and Textiles
Upstream:

Low-Carbon Plastics

Livestock and Methane Solutions

Regenerative Agriculture

Forestry Solutions

Biome Conservation

Own Operations:

Renewable Energy 

Efficient Heating and Cooling

Efficient Transport

Energy Efficiency

Passenger EVs

Downstream:

Recycling and Circularity
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https://www.mckinsey.com/industries/retail/our-insights/sustainable-style-how-fashion-can-afford-and-accelerate-decarbonization


Key Decarbonization Levers

The automotive industry relies on decarbonization of its 

manufacturing processes, net-zero carbon emissions over 

the lifecycle of their vehicles, and an amenable policy and 

infrastructure environment to fully decarbonize. 

Overview

Á Private cars and vans alone are responsible for ~10% 

of global energy-related CO2 emissions. 

Á While manufacturers have proactively invested in 

electrifying their new vehicle lines, complete 

decarbonization relies on technological developments 

which make electric vehicles as reliable and affordable 

as internal combustion engines around the world, in 

addition to programs which quickly and effectively 

bring old cars off the road. 

Automotives
Upstream:

Low-Carbon Steel

Low-Carbon Aluminum

Renewable Energy

Own Operations:

Energy and Electricity Storage

Efficient Heating and Cooling

Passenger Transport

Public Transport

Efficient Trucking

Freight and Logistics

Downstream:

Recycling and Circularity

21Levers Industry Sectors



Key Decarbonization Levers

The aviation industry is reliant on advancements in the 

efficiency and affordability of sustainable aviation fuels to 

replace existing emissions. Old planes and systems must 

also be replaced with adapted models and solutions. 

Overview

Á Aviation accounts for about 2.5% of global CO2 

emissions.

Á Solutions include sustainable aviation fuel (SAF), 

refreshed aircraft design (accompanied by the 

retirement of old planes), modernization of approaches 

to navigating global airspace, and operational 

improvements across the value chain.

Á SAFs, in addition to other alternate energy sources 

such as hydrogen or batteries, need to develop in both 

technological maturity and cost competitiveness to 

become widespread within the commercial aviation 

industry. 

Aviation
Upstream:

Hydrogen (Green and Blue)

Low-Carbon Chemicals and Plastics

Low-Carbon Steel

Low-Carbon Aluminum

Own Operations:

Renewable Energy 

Efficient Heating and Cooling

Aviation Decarbonization

Downstream:

Recycling and Circularity

Carbon Capture Utilization and Storage 

(CCUS)
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Key Decarbonization Levers

The building and construction industry requires the 

utilization of replacement materials and innovative 

processes at new builds, and the retrofitting and renovation 

of existing stock. 

Overview

Á The operations of buildings account for 30 percent of 

global final energy consumption and 26 percent of 

energy-related emissions.

Á In addition to switching to renewable energy sources, 

lighting, refrigerants, cooling, and heating all require 

specific attention.

Á In construction, process improvements combined with 

low-carbon solutions for materials, including through 

circularity and recycling initiatives, create a pathway for 

new constructions to have zero emissions. 

Buildings and 
Construction Upstream:

Low-Carbon Cement

Low-Carbon Steel

Low-Carbon Aluminum

CCUS

Own Operations:

Renewable Energy 

Grid Technologies

Efficient Heating and Cooling

Data Center Cooling

Efficient Appliances

Building Envelopes 

Downstream:

Recycling and Circularity
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Key Decarbonization Levers

The communications and telecom industry produces most 

of its emissions indirectly, often through the disposal or use 

of products and services.

Overview

Á While the specific source varies, most emissions for 

the telecom industry fall within Scope 3.

Á These Scope 3 emissions come from network services 

and the production of handsets and modems, in 

addition to downstream emissions from the use and 

disposal of customer equipment. 

Á Decarbonization within Scopes 1 and 2 is relatively 

straightforward, involving fleet emissions and electricity 

generation, but may be more complicated in the case 

of hardware manufacturing. 

Communications 
& Telecom Upstream:

Renewable Energy

Low-Carbon Steel

Low-Carbon Aluminum 

Low-Carbon Chemicals and plastics

Own Operations:

Renewable Energy 

Grid Technologies

Data Center Cooling

Downstream:

Recycling and Circularity
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Key Decarbonization LeversConsumer Goods

The consumer goods industry encompasses companies 

that manufacture and sell products directly to individuals 

and households for their personal use. It is a broad sector 

including everything from finished food and beverages to 

disposables, electronics, and personal care items.

Overview

Á Consumer goods industries often have complex and 

varying value chains, contributing to diverse emissions 

sources which can be hard to mitigate when outside 

direct control.

Á Holistic programs which address impacts from raw 

material extraction and processing, manufacturing, 

transport, consumer use, and end-of-life management 

allow for the full mitigation of a productôs emission 

profiles and provide the feedback loops for product 

updates and iteration with lower lifecycle emissions 

profiles. 

Upstream:

Renewable Energy

Afforestation, Reforestation,

and Restoration

Regenerative Farming
and Nitrogen Management

Own Operations:

Efficient Trucking

Efficient Freight and Logistics

Low-Carbon Chemicals and Plastics

Downstream:

Recycling and Circularity
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Key Decarbonization LeversChemicals

The chemicals industry faces a complex pathway to 

decarbonization due to the use of fossil fuels as feedstock 

for several fundamental products. 

Overview

Á Emissions in the chemical industry are difficult to abate 

outside of switches to renewable energy, as heat 

generation and certain chemical processes are still 

largely reliant on fossil fuels in crucial contexts; their 

replacement requires the success and scale of still-

nascent technologies and their pilots. 

Á Investments in efficiency to reduce the amount of 

energy used and increase the amount of energy 

conserved, particularly in the form of heat, across 

processes and facilities can have significant impacts in 

lowering the emissions profile of the industry.

Upstream:

Hydrogen (Green and Blue)

Renewable Energy

Biomass

Own Operations:

Efficient Trucking

Efficient Freight and Logistics

Low-Carbon Chemicals and Plastics

Downstream:

Recycling and Circularity

CCUS
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Key Decarbonization LeversEnergy

While the relationship between switching to renewable 

energy sources and decarbonization is well understood, 

grid modernization and expansion has remained 

underinvested and underprioritized. 

Overview

Á Energy sector decarbonization is dependent on the 

shift from fossil fuels to renewable energy sources. 

Net-zero scenarios call for the sector to decarbonize by 

2040. 

Á This is reliant on the electrification of existing and new 

elements of the physical economy and the 

development of expanded and modernized grid 

infrastructure.

Á Remaining fossil emissions will either have to be offset 

or sequestered.  

Upstream:

Hydrogen (Green and Blue)

Low-Carbon Aluminum

Low-Carbon Steel

Own Operations:

Renewable Energy

Grid Technologies

Energy and Electricity Storage

Downstream:

Recycling and Circularity

CCUS
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Key Decarbonization LeversFinancial Services

Financial services companies serve a critical role in 

decarbonizing their portfolios and thereby decarbonizing the 

broader economy. 

Overview

Á Financial services companies can decarbonize their 

own operations through relatively straightforward 

electrification and renewable energy procurement. 

Á Decarbonization of their Scope 3 investment and client 

portfolios is a more complex task and involves 

transitioning away from investing in high-emitting 

industries, developing financing mechanisms to 

accelerate the green transition, pricing and adaptation 

to climate risk, and using voting powers and term 

sheets to stipulate climate strategies at applicable 

companies. 

Upstream:

Renewable Energy

Grid Technologies

Own Operations:

Efficient Appliances

Building Envelopes 

Enabling Financing across All Levers

Downstream:

Recycling and Circularity
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Key Decarbonization LeversFood and Beverage

The food and beverage industry has significant exposure to 

agriculture, which has a unique emissions profile due to the 

crop, land, and water nexus, which can be addressed 

through natural climate solutions.

Overview

Á Raw materials for the sector from agriculture contribute 

the bulk of the emissions. This includes livestock 

methane emissions, fertilizer emissions, and reducing 

emissions from on-farm energy use. Production of 

agricultural products makes up 16 percent of energy 

use in the U.S. 

Á A unique source of emissions in the value chain comes 

from disposal. As these items degrade, methane is 

released in landfills, making food loss and waste 

reduction a critical decarbonization action.

Upstream:

Ecosystem Conservation

Afforestation, Reforestation, and 

Restoration

Regenerative Farming and Nitrogen 
Management

Agricultural Methane Solutions

Own Operations:

Efficient Trucking

Efficient Freight and Logistics

Low-Carbon Chemicals and Plastics

Downstream:

Recycling and Circularity
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Key Decarbonization LeversGeneral 
Manufacturing and 
Industry

Industry emissions from hard-to-abate sectors require 

significant investment and research to scale 

decarbonization solutions to widespread adoption at 

competitive prices. 

Overview

Á Industry emissions come from the energy used to run 

large manufacturing processes, in addition to 

technology and process-specific emissions that are 

produced from chemical processes underlying the 

manufacture of certain goods and materials. 

Á Developing localized, abundant renewable energy 

sources that can meet the demands of heavy industry 

is crucial to decarbonization, in addition to R&D and 

financing mechanisms which accelerate the 

development and deployment of lower-carbon 

manufacturing practices. 

Upstream:

Low-Carbon Cement

Low-Carbon Steel

Low-Carbon Aluminum

Low-Carbon Chemicals and Plastics

Energy and Electricity Storage

Own Operations:

Renewable Energy

CCUS

Grid Technologies

Downstream:

Recycling and Circularity

Efficient Trucking

Efficient Freight and Logistics

30Levers Industry Sectors



Key Decarbonization LeversHealthcare
Upstream:

Building Envelopes

Low-Carbon Cement

Low-Carbon Chemicals and Plastics

Efficient Trucking

Efficient Freight and Logistics

Own Operations:

Renewable Energy

Efficient Appliances

Efficient Heating and Cooling

Downstream:

Recycling and Circularity

Healthcare companies may have emissions profiles similar 

to other industries but may also consider more specific 

levers such as efficient appliances and equipment, 

refrigerants, and retrofits of specialized infrastructure. 

Overview

Á The heterogeneous, sprawling nature of the healthcare 

industry means that decarbonization pathways will 

differ depending on business type. 

Á Hospitals, clinics, and other óbuilt-environmentô facilities 

will have strategies akin to large office buildings, 

pharmaceutical companies will have an approach akin 

to the chemical industry, and any organization or 

system with a large investment portfolio may find their 

own operations much easier to decarbonize than their 

investments. 

31Levers Industry Sectors



Key Decarbonization LeversInformation 
Technology Upstream:

Grid Technologies

Energy and Electricity Storage

Low-Carbon Chemicals

Refrigerants

Own Operations:

Renewable Energy

Data Center Cooling

Efficient Appliances

Downstream:

Recycling and Circularity

Information technology companies do not only have 

emissions from data centersðthe manufacture and 

transport of their goods is often energy-intensive, as is the 

footprint of their employees and offices. 

Overview

Á The information technology industry has seen a rapid 

surge in power demand as data centers for artificial 

intelligence have been built out with both speed and 

scale. With the high ceiling of how large and power-

hungry these data centers may become, sourcing 

renewable energy as much as possible is paramount 

for keeping the sector on track. 

Á Other emissions may come from product 

manufacturing, transport, emissions from land use 

change for data center and other physical buildouts, 

and the operation of an organizationôs own facilities. 
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Key Decarbonization LeversShipping
and Logistics Upstream:

Low-Carbon Steel

Hydrogen (Green and Blue)

Renewable Energy

Efficient Freight and Logistics

Own Operations:

Efficient Shipping

Efficient Trucking

Energy and Electricity Storage

Downstream:

Recycling and Circularity

Shipping relies on the development of sustainable fuels and 

energy sources which are still relatively nascent in their 

widescale adoption. 

Overview

Á The shipping industry must switch to lower or zero-

emissions fuels as they become technologically 

feasible and available. Investment in ammonia and 

hydrogen fuel cell technologies have shown promise, 

as have methanol liquid fuels. 

Á At the same time, new fueling infrastructure will have to 

be built around the world to refuel and recharge 

vessels. 

Á Additional decarbonization also must take place at the 

intermediate, ground transport level. 

33Levers Industry Sectors



Key Decarbonization LeversMining and 
Extractives Upstream:

Low-Carbon Steel

Low Carbon Chemicals and Plastics

Low-Carbon Hydrogen

Grid Technologies

Own Operations:

Renewable Energy

Energy and Electricity Storage

Downstream:

Recycling and Circularity

The mining industry has a unique role in both producing the 

critical inputs of the energy transition, while consuming a 

large amount of energy and producing coal. 

Overview

Á Mining decarbonization takes two forms: reducing 

operational emissions through common methods such 

as renewable energy, process efficiencies, and new 

industrial technologies, and the shift of a mining 

companyôs operations away from resources which 

contribute to purchased Scope 3 emissions, such as 

coal. Additionally, land use emissions related to 

deforestation may have to be offset or remediated. 

Á At the same time, the mining industry has a crucial role 

to play in the extraction of critical minerals needed for 

the energy transition, including nickel, cobalt, lithium, 

and rare earth metals. 
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Key Decarbonization LeversProfessional 
Services Upstream:

Low-Carbon Chemicals and Plastics

Low-Carbon Hydrogen

Own Operations:

Renewable Energy

Energy and Electricity Storage

Building Envelope

Efficient Appliances

Passenger Transport

Public Transport

Downstream:

Recycling and Circularity

The professional services industry is not a large emitter 

within its own operations but has the opportunity to lead and 

direct other industries toward best practices. 

Overview

Á Professional services companies have cut their 

emissions significantly post COVID-19 by reducing 

their travel and can reach net zero through building 

and operations decarbonization, reducing travel or 

choosing greener alternatives, and actively engaging 

their supply chains. 

Á These firms can engage their clients, develop 

sustainability practices and thought leadership, and 

serve as centralized enablers to spread best practice 

and pathway alignment through the economy. 
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Lever Library
03

ELECTRICITY AND ENERGY

Bioenergy 

Energy and Electricity 
Storage

Geothermal

Low Emission Hydrogen

Grid Technologies and 
Modernization

Hydropower

Nuclear

Solar

Wind

TRANSPORT

Light-Duty and 
Micromobility

Maritime Decarbonization

Aviation Decarbonization

Freight Decarbonization

Public Transport

INDUSTRY

Low Carbon Cement

Low Carbon Steel

Low Carbon Aluminum

Chemicals

CCUS

Buildings

Efficient Fixtures

Building Envelopes

Data Center Cooling

Refrigerants

Efficient Heating and Cooling

FLAG AND WATER

Afforestation, Reforestation, and Restoration

Ecosystem Protection and Conservation

Agricultural Methane Solutions

Regenerative Farming & Nitrogen Management
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Bioenergy
Bioenergy refers to energy derived 
from organic matter, also known as 
biomass. It includes applications 
such as heat and electricity 
generation and conversion to 
biofuels and biogas.

Lever Details

Industry:

ÁEnergy

Á Food and Beverage

ÁChemicals

Á Aviation

ÁShipping and Logistics

Á Financial Services

Á Feedstock cost drives >50% of final energy cost. 

Energy cost will vary naturally alongside commodity 

fluctuations, the feedstock used, and final use across 

geographies.

Á Availability of raw materials and dedicated supply 

chain infrastructure create fluctuations in price 

across geographies. Countries emphasize and 

develop programs to support differing bioenergy 

sources based on their localized availability, in 

addition to considerations related to economic 

development and value chain sustainability. 

Á Bioenergy use releases carbon into the 

atmosphere, but this is considered neutralized as 

feedstock production initially captures this carbon. 

Costs may rise in the case of carbon negative 

projects, where CCUS technologies may be applied. 

Alternatively, costs may be offset through the 

industrial repurposing of CO2, such as in in dry ice, 

soda, cosmetics, detergent, and plastics production. 

$/GJ of energy
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Cost Assumptions and Details

tCO2e saved per terajoule
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Bioenergy

External Factors, Dependencies, and Systemic 
Change Opportunities

Á Transport, buildings, and heavy industry are expected to form the bulk of 

the increase in demand of bioenergy over the next five years. Transport will 

increasingly utilize liquid biofuels, while industry and buildings will largely 

consume solid biomass, for both electricity generation and heating.  

Á In developing countries , there is a large push to incorporate bioenergy 

solutions for cooking fuel. This has the potential to significantly 

decarbonize the sector in these geographies, in addition to providing local 

value chain workforce and other economic and natural capital opportunities. 

Á The amount of feedstock that can be produced is heavily dependent on 

available land, and the ability to collect and process feedstock from waste 

streams. Bioenergy production must balance sustainability and nature -

related considerations. The utilization of land, water, and other resources 

for feedstock and resource development should have a net-positive 

development on both GHG emissions and the health of the natural 

environment and local peoples. 

Á Policy support should be directed to those solutions that successfully 

create net -positive effects in GHG emissions or have the most potential to 

do so in the future. The European Union, the United States, and Brazil have 

each established frameworks for standardization of sustainability in biofuel 

production. Developing widely accepted international standards would both 

support sustainable global development and facilitate the creation of deeper 

markets.

Key Impacts Outward on Nature and People

Upstream
Deforestation risk (especially woody biomass) and increased water and fertilizer 

use for crops . Social risks related to shifting crop mixes, deforestation, and the 

treatment of agricultural labor.

Operations
Emissions from processing of feedstock , in addition to other pollutants that may be 

released. Social risks from effects on nearby communities, including air quality, 

sound, odor, and land use. 

Downstream
GHG benefit will vary based on the combustion efficiency and leakages , in addition 

to the total portion of bioenergy in blended solutions . Social considerations include 

clean cooking access, potential increased costs of fuels, electricity, and heat, and 

local workforce opportunities. 
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Vision for net zero: where does the lever fit in a 2050 net zero world?

Bioenergy is used as a dense, storable fuels and as a source of firm power. It provides an alternative to fossil gas, coal, a nd oil in high-

temperature heat and dispatchable generation and can supply liquid fuels in long-haul aviation and deep-sea shipping where batteries or 

hydrogen are insufficient. Its sustainability rests on the prioritization of advanced feedstocks: agricultural and forestry residues, organic wastes, 

and cellulosics, with any dedicated energy crops confined to marginal or degraded land. Modern, certified bioenergy thus distinguishes itself 

from traditional biomass, which net-zero pathways phase out entirely.

In the near term, the deployment of rapid substitutions through residue-based combined heat and power (CHP), biomethane from anaerobic 

digestion, and the first commercial bioenergy with carbon capture and storage (BECCS) projects, particularly at facilities wi th high-purity 

biogenic COϜ streams and access to transport and storage infrastructure, should be emphasized. In the 2030s, these discrete projects should 

consolidate into integrated hubs where feedstock upgrading, carbon capture, and fuel synthesis co-locate, allowing bioenergy to link with 

hydrogen and COϜ networks. By the 2040s, bioenergyôs role will ideally evolve into a dual service: as a reliability product providing firm 

capacity that complements variable renewables, and as a forestry-enabled climate service delivering durable removals on the order of several 

hundred million tons annually.

To realize this pathway to net zero, companies should map their operations and emissions profiles against bioenergyôs unique capabilities and 

identify relevant actions and investments. Utilities and industrials may invest in certified feedstock contracts, modular CHP, and BECCS pilots 

co-located with COϜ transport infrastructure. Food and beverage companies can invest in anaerobic digestion and biomethane upgrading, 

embedding nutrient-return systems that preserve soil health. Aviation and shipping can sign long-dated offtakes that ladder from 

hydroprocessed esters and fatty acids (HEFA) fuels in the 2020s to advanced and synthetic SAF and marine fuels in the 2030s and 2040s, 

while airports and ports invest in blending, storage, and bunkering systems. Chemical clusters can integrate conversion technologies and COϜ 

capture into regional hubs, in coordination with emerging hydrogen corridors. Across all sectors, finance has a critical role  to play: 

standardizing contracts for carbon removals, SAF, and marine fuels; embedding sustainability criteria such as those in RED III and leveraging 

blended finance to expand access in emerging markets. Policy engagement is equally important, such as supporting SAF blending  mandates, 

maritime fuel-intensity standards, carbon-removal crediting frameworks, and capacity payment mechanisms that secure BECCS revenues. By 

aligning capital investments with policy trajectories and industry-specific offtakes, companies can help scale bioenergy into a reliable and 

verifiable energy source in a net-zero future.

Who to partner with? 

ÁProviders include Drax, Enviva, 

and Nature Energy (Shell)

Where to find more 
information?

Á IEA

ÁProject Drawdown

ÁU.S. Department of Energy
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https://www.drax.com/
https://www.envivabiomass.com/
https://www.shell.com/shellenergy/shell-energy-europe/natural-gas-portfolio/renewable-natural-gas.html
https://www.iea.org/energy-system/renewables/bioenergy
https://www.iea.org/energy-system/renewables/bioenergy
https://drawdown.org/solutions/biomass-power
https://drawdown.org/solutions/biomass-power
https://www.energy.gov/sites/default/files/2022-04/beto-decarbonizer-fs-04-2022.pdf
https://www.energy.gov/sites/default/files/2022-04/beto-decarbonizer-fs-04-2022.pdf
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Energy and 
Electricity Storage
Energy and Electricity Storage 

systems are those which allow 

energy to be stored for later use. 

These primarily consist of batteries 

and Pumped Storage Hydropower. 

Lever Details

Industry:

ÁEnergy

Á Information Technology 

ÁAutomotives

Á Buildings and Construction

ÁChemicals

ÁMining and Extractives

Á Financial Services

$/kwh of installation
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Å Pumped storage hydropower (PSH) and lithium -ion batteries have differing cost and use profiles. PSH is a large -scale, 

long -duration solution, while lithium -ion batteries are more versatile , offering faster response times and shorter -

duration storage. While PSH is more strictly economical, it is not always the preferred solution within a dynamic, 

distributed, intermittent grid. 

Å Increased duration requirements  increase the installation costs of batteries . Other costs to consider are permitting and 

planning costs, and depreciation and replacement costs. 

Å Lithium-ion battery are highly sensitive to fluctuations in the price of lithium , as well as nickel, cobalt, and graphite. 

These may move due to natural supply and demand market fluctuations, but also have varied due to geopolitical pressures, 

such as the war in Ukraine. 

Å The ólearning rateô for battery prices continues to drive prices down despite fluctuations in raw material price and will 

continue to influence underwriting calculations.

Cost Assumptions and Details
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Energy and Electricity Storage

External Factors, Dependencies, and Systemic Change 
Opportunities

Á Batteries are deeply dependent on localized supply chains and critical minerals. 

China undertakes more than half of global processing for lithium and cobalt and has 

almost 85% of global battery cell production capacity.  The availability and affordability 

of these minerals, and the robustness and expansion of the supply chains which process 

them, is critical to expanding battery technology alongside net-zero pathways. Tariffs 

and geopolitical tensions present critical threats to maintaining an open supply of 

affordable batteries. 

Á Further cost declines in batteries (and battery installations) are essential in bringing down 

the total cost of intermittent renewable energy projects down. Innovations in sodium -

ion and solid -state batteries  have the potential to bring costs down, as they avoid 

exposure to lithium costs.

Á Policy support to expand battery installation is critical. This may be done in coordination 

with the private sector, which can own and operate battery assets for profit, and the 

transportation and passenger vehicle sector, which relies on a network of batteries to 

facilitate the introduction of electric vehicles. 

Á Pumped -storage hydropower expansion relies on the construction of dams and 

supporting hydropower facilities, which require a significant amount of permitting and 

planning to process, due to their scale, compared to li-ion storage infrastructure. 

Á More resilient supply chains  which minimize carbon footprint and other impacts are 

crucial to the sustainability and expansion of this industry. This includes the recycling of 

batteries as a source of critical minerals.

Key Impacts Outward on Nature and People

Upstream
Environmental and social risks related to mineral extraction , 

particularly in developing markets and geopolitically sensitive areas. 

This extraction has been linked to child labor, natural habitat 

destruction, and armed conflict. Potential for emissions from fossil 

fuel use during the manufacturing phase. 

Operations
Risk of fires from lithium -ion batteries, land -use effects from utility 

scale project deployment. Community and labor safety concerns related 

to maintenance and electrical exposure.

Downstream
Risks related to the disposal and proper recycling of batteries at the 

end of their life, particularly related to their composite materials. This 

includes labor conditions at waste and recycling sites. 
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Vision for net zero: where does the lever fit in a 2050 net -zero world?

Energy and electricity storage enables variable renewables and flexible demand, used where shifting, firm capacity, and fast system services are 

essential. It facilitates a pathway to replace fossil-fueled peakers and spinning reserves, to displace diesel back-up in critical facilities and data 

centers, and to unlock the full value of wind and solar by absorbing surplus generation and reducing curtailment. Applications span behind-the-meter 

peak shaving and resilience, distribution-level congestion relief, bulk-system energy shifting and adequacy, and black-start and frequency services. 

Its sustainability rests on responsible mineral sourcing and processing, chemistries with lower critical-material intensity, rigorous safety standards, 

and circularity through repair, repurposing, and recycling. Pumped-hydro and thermal storage strengthen this case when sited to minimize land and 

water impacts. 

In the near term, modular deployments of 1ï4-hour batteries at utility and behind-the-meter sites should be prioritized, alongside refurbishment of 

pumped-hydro assets and conversion of data-center UPS systems into grid-interactive storage, with software to stack frequency, capacity, and 

congestion-relief services. From the early 2030s, as variable renewables scale, storage should progress from ancillary support to large-scale energy 

shifting and capacity provision; long-duration options (flow, thermal, gravity, compressed-air, or hydrogen buffers) should advance from pilots to early 

commercial procurement through clear flexibility and resource-adequacy products, bankable offtakes, and standardized performance warranties. In 

the mid- to late 2030s, portfolios should increasingly diversify and interoperate with demand response and electrified heat to reduce curtailment and 

firm peak and shoulder periods. By the 2040s, a mature storage mix should provide dependable capacity across weather and seasons, enabling 24/7 

carbon-free operations, smoothing electrified loads, and lowering system costs by avoiding overbuild and deferring transmission upgrades.

To realize this pathway to net zero, energy utilities may invest in hybrid renewables-plus-storage PPAs, long-duration procurements, and capacity or 

resource-adequacy contracts that value duration and availability; and look to streamline interconnection, adopt safety codes, and structure 

performance-warranted revenue stacks. Information-technology companies can replace diesel generators with batteries and long-duration options, 

pair storage with on-site solar for 24/7 carbon-free portfolios and enroll campuses and data centers in demand-response and virtual-power-plant 

programs. Automotives can enable managed charging and vehicle-to-grid capabilities, stand up second-life battery lines for stationary use, and 

standardize warranties and telemetry so grid operators can confidently procure EV flexibility. Buildings and construction actors should deliver 

storage-ready designs, integrate thermal and battery storage with heat pumps and controls, and use microgrids to harden critical facilities. The 

chemical sector can anchor hubs with industrial thermal storage and electrolyzers operated as controllable loads backed by hydrogen storage, 

reducing demand charges and providing grid services. The mining sector can deploy storage-centric microgrids to displace diesel in remote 

operations. Financial services can support by scaling project and asset-backed finance for storage fleets; offering degradation and performance 

insurance; standardizing contracts for capacity, ancillary services, and resiliency; and supporting policy engagement on market designs that 

compensate duration, long duration energy storage (LDES) targets, safety standards, recycling mandates, and critical -minerals transparency. 

Who to partner with? 

ÁProviders include Tesla, CATL, 

and BYD

Where to find more 
information?

Á IEA

ÁProject Drawdown

ÁU.S. Department of Energy

ÁNREL

ÁBatteries: From China's 13th to 

14th Five-Year Plan
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https://www.tesla.com/megapack
https://www.catl.com/
http://www.bydenergy.com/
https://www.iea.org/reports/batteries-and-secure-energy-transitions/executive-summary?
https://www.iea.org/reports/batteries-and-secure-energy-transitions/executive-summary?
https://drawdown.org/solutions/utility-scale-energy-storage
https://drawdown.org/solutions/utility-scale-energy-storage
https://www.energy.gov/sites/default/files/2024-08/Achieving%20the%20Promise%20of%20Low-Cost%20Long%20Duration%20Energy%20Storage_FINAL_08052024.pdf
https://www.energy.gov/sites/default/files/2024-08/Achieving%20the%20Promise%20of%20Low-Cost%20Long%20Duration%20Energy%20Storage_FINAL_08052024.pdf
https://docs.nrel.gov/docs/fy24osti/89172.pdf
https://docs.nrel.gov/docs/fy24osti/89172.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2590116822000467#:~:text=EV%20batteries:%20In%20an%20effort,scale%20demonstrations%20of%20electric%20vehicles.
https://www.sciencedirect.com/science/article/abs/pii/S2590116822000467#:~:text=EV%20batteries:%20In%20an%20effort,scale%20demonstrations%20of%20electric%20vehicles.
https://www.sciencedirect.com/science/article/abs/pii/S2590116822000467#:~:text=EV%20batteries:%20In%20an%20effort,scale%20demonstrations%20of%20electric%20vehicles.
https://www.sciencedirect.com/science/article/abs/pii/S2590116822000467#:~:text=EV%20batteries:%20In%20an%20effort,scale%20demonstrations%20of%20electric%20vehicles.
https://www.sciencedirect.com/science/article/abs/pii/S2590116822000467#:~:text=EV%20batteries:%20In%20an%20effort,scale%20demonstrations%20of%20electric%20vehicles.
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Geothermal
Geothermal energy refers to the 

heat harnesses from within the 

Earth, which is harnessed for heat, 

cooling, and electricity These may 

include systems of varying 

complexity. 

Lever Details

Industry:

Á Energy

ÁBuildings and Construction

ÁMining and Extractives

ÁChemicals

Á Information Technology

Á Food and Beverage

Á Financial Services

Installation Cost per kW
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Å Geothermal energy project cost varies with the depth of the drilling . Deeper projects cost more but are often more 

efficient and reliable in terms of resource availability. 

Å The drilling success rate , which may vary if the project is in a proven source field, or if the project is ógreenfieldô, adds to 

the total project cost. 

Å The underlying cost of capital may vary significantly, as geothermal energy does not have the same market maturity as 

other renewable sources.

Å Local factors such as the makeup of the underlying rock, the surface footprint and land value used for a particular project, 

and land lease vs purchasing dynamics all further influence price. 

Å The complexity and design of the system, as Enhanced Geothermal Systems (EGS) and closed loop projects grow in 

deployment, also affect cost significantly. 

Cost Assumptions and Details

tCO2e saved per kW annually

Levers Industry Sectors



Geothermal

External Factors, Dependencies, and Systemic 
Change Opportunities

Á Geothermal energy relies on several external factors , listed in the previous 

slide, to become price competitive around the world with both other 

renewable energies and fossil fuels. It most directly competes with fossil fuels 

because it does not have the same intermittence as other renewables. 

Á The potential repurposing and redirection of oil and gas (O&G) 

resources to geothermal overcomes several challenges related to the 

availability of labor (across skill levels and roles), financial capital, and 

infrastructure. The drilling and sensing capability of the O&G sector, in 

addition to several other tasks and pieces of analyses its workers perform, 

are readily transferable to geothermal exploration and development. 

Á Policy mechanisms are needed to push the O&G sector to increasingly 

invest in geothermal capabilities , from direct subsidies or financing facilities 

to lower the cost and risk of geothermal, to carbon taxes and other punitive 

measures to dissuade further fossil fuel production and exploration. At the 

same time, permitting and authorization processes need to be sped up, to not 

create a backlog of projects which further discourages risk capital. 

Á The learning rate in EGS projects to make them cost-competitive with the 

other energy sources is crucial. The technical potential of EGS, which 

accesses deeper heat supplies, can supply enough energy for each 

continent; for example, tapping just 1 percent of potential continental 

geothermal capacity would meet Africaôs projected energy needs in 2050. 

Key Impacts Outward on Nature and People

Upstream
Risks related to land and water use  at drilling sites, including biodiversity, pollution, 

and ecosystem destruction.  Potential induced seismic activity from drilling. Risks 

related to workforce safety, treatment, fair upskilling and reskilling, in addition to 

noise pollution and drain of local resources. 

Operations
Chemical solutions to maintain brine chemistry within geothermal wells often create 

GHG emissions , which would require abatement or offsetting . Risks related to 

safety during facility operation. 

Downstream
Risks related to well abandonment , and the recycling and reuse of equipment and 

chemicals  that are used and generated over the life of the facility. 
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Vision for net zero: where does the lever fit in a 2050 net zero world?

Geothermal is used where firm, always-on, low-carbon heat and power are essential. It helps replace coal and gas in baseload electricity, to 

substitute fossil boilers with high-availability process heat and district heat, and to stabilize electrified systems by delivering inertia and ancillary 

services independent of weather. Applications range from high-enthalpy power plants to direct-use heat for industrial processes and buildings, 

and ground-source heat pumps that slash building energy intensity. Its sustainability rests on closed-loop reservoir management with full 

reinjection, rigorous induced-seismicity and groundwater safeguards, careful siting to minimize land and water impacts, and end-to-end 

monitoring of brine handling and air emissions; modern geothermal thus distinguishes itself from legacy, lightly monitored steam operations by 

prioritizing subsurface stewardship and high-integrity measurement.

In the near term, brownfield additions and proven hydrothermal resources should be prioritized for rapid, low-risk deployment, alongside 

district-energy interconnections and campus- and neighborhood-scale ground-source heat pumps, while pilot programs in enhanced 

geothermal systems (EGS) that leverage modern oil-and-gas drilling, monitoring, and stimulation practices build a bankable pipeline. Through 

the 2030s, as resource appraisal improves and learning rates drive down drilling and completion costs, EGS and advanced closed-loop 

designs should scale to commercial projects, and, where chemistry allows, co-production of critical minerals from brines should be developed 

to strengthen project economics and supply chains. By the 2040s, geothermalôs role should be to provide dependable, dispatchable zero-

carbon power and high-temperature heat that complements variable renewables across seasons, anchors district heating and industr ial 

process heat and lowers system costs by reducing curtailment and long-duration storage needs.

To realize this pathway, energy utilities may invest in resource appraisal, exploration drilling, and bankable power and heat  offtakes, pairing 

firm geothermal Power Purchase Agreements (PPAs) and capacity payments with risk-mitigation tools such as exploration insurance and loan 

guarantees. The construction industry can make projects ñgeothermal-readyò by designing and financing district-energy networks and large 

shared borefields, integrating thermal storage and heat-pump plants. The mining sector should contribute directional-drilling expertise, rigs, and 

subsurface services to cut well costs and timelines and co-develop mineral recovery from geothermal brines under robust water stewardship. 

Chemicals and other heat-intensive industries can site expansions near geothermal fields to replace gas boilers with continuous process heat, 

using hybrid configurations that combine geothermal with heat pumps and electrified backup. Information-technology operators can co-locate 

data centers with geothermal power and district-energy schemes to secure 24/7 carbon-free electricity and heat reuse pathways that improve 

overall system efficiency. Financing services can standardize heat and power purchase agreements, underwrite exploration risk , structure 

concessional tranches for first-of-a-kind EGS, and align policy engagement on streamlined drilling permits, subsurface rights clarity, thermal-

network regulation, and parity mechanisms.

Who to partner with? 

ÁProviders include Ormat 

Technologies, Calpine, and 

Fervo Energy

Where to find more 
information?

Á IEA

ÁNREL

ÁProject Drawdown

ÁU.S. Department of Energy

ÁEnhanced Geothermal Systems 

for Clean Firm Energy 

Generation, Nature
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https://www.ormat.com/en/home/a/main/
https://www.ormat.com/en/home/a/main/
https://www.calpine.com/clean-and-reliable-power/our-assets/geothermal/
https://fervoenergy.com/
https://www.iea.org/reports/technology-roadmap-geothermal-heat-and-power
https://www.iea.org/reports/technology-roadmap-geothermal-heat-and-power
https://www.nrel.gov/geothermal/next-generation?
https://www.nrel.gov/geothermal/next-generation?
https://drawdown.org/solutions/geothermal-power
https://drawdown.org/solutions/geothermal-power
https://www.energy.gov/eere/geothermal/enhanced-geothermal-systems
https://www.energy.gov/eere/geothermal/enhanced-geothermal-systems
https://www.nature.com/articles/s44359-024-00019-9
https://www.nature.com/articles/s44359-024-00019-9
https://www.nature.com/articles/s44359-024-00019-9
https://www.nature.com/articles/s44359-024-00019-9
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Low -Emission 
Hydrogen
Low-emission hydrogen is produced using 

renewable or nuclear energy, or by 

capturing carbon emissions from fossil 

fuels used for hydrogen production. Green 

hydrogen is produced from electrolysis 

using renewable energy, while blue 

hydrogen is produced from natural gas 

using CCUS.

Lever Details

Industry:

Á Energy

ÁChemicals

ÁGeneral Manufacturing 

& Industry

Á Aviation

Hydrogen Cost by Source and Capture Rate
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Á The largest determinant of hydrogen production costs are the input price of electricity, gas (in the case of blue hydrogen), 

and other inputs such as heat, water, and labor.

Á Electrolyzer capacity factors, or the percentage of time they are operating at full capacity, affect production costs. 

Á Renewable PPAs help underwrite hydrogen production by providing guarantees as to the greatest cost inputs. 

Á Additionally, as hydrogen is increasingly integrated into industrial processes and other energy system uses, the need to 

store and transport it will increase , which will add to embedded costs.

Á The capture rate of green hydrogen projects affects costs: higher capture rate technologies are more advanced and have 

higher costs today. 

Cost Assumptions and Details

tCO2 saved per ton of H2 

ÁShipping and 

Logistics

ÁMining and 

Extractives

ÁBuildings and 

Construction

Levers Industry Sectors



Low -Emission Hydrogen

External Factors, Dependencies, and Systemic 
Change Opportunities

Á Hydrogen production suffers from a large gap between announced projects 

and those which come to fruition.  This is attributed to uncertainties 

around future demand, certification and regulation, and a lack of 

infrastructure to transport and store hydrogen.

Á Hydrogen demand is currently dominated by legacy industry uses, such as 

oil refinery and ammonia production. Novel applications in industry and 

long-distance transport account for less than 0.1 percent of demand 

today , whereas they account for almost 40 percent of demand by 2030 in 

the IEA Net Zero scenario.

Á Accelerated policy and investment action is required to close these gaps. 

Targeted loans, retrofitting, and repurposing  to establish transport 

infrastructure is crucial in moving hydrogen from where it is generated 

(most use is currently on -site).  Storage facilities for both hydrogen and 

captured carbon need to be identified and developed. Amenable policy 

infrastructure  such as faster permitting, auctions, and public procurement 

can stimulate demand.

Á Several hydrogen technologies and uses have still not been deployed at 

scale , including capture rates in line with net-zero targets. Focused 

innovation efforts across private and public sectors is needed to realize 

both technological progress and implementation. 

Key Impacts Outward on Nature and People

Upstream
Risks related to the extraction of water for electrolysis such as depletion and local 

resource stress. Risks related to land use , if large-scale projects displace or disrupt 

local populations. 

Operations
The energy used in production must be renewable , otherwise the carbon-positive 

benefits are offset. Risks of methane leakages in blue hydrogen production, and CO2 

leakages of sequestered hydrogen. 

Downstream
Risks related to ammonia slip , where unreacted ammonia is emitted after combustion 

or catalytic processes. Risks related to hydrogen embrittlement , where metals can 

lose their ductility and become brittle  due to the presence of hydrogen.  
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Vision for net zero: where does the lever fit in a 2050 net zero world?

Low-emission hydrogen complements electrification and direct use of renewable power, used where energy-dense molecules or a clean 

reducing agent are essential. It replaces grey hydrogen in refineries and ammonia plants; to displace coal/coke in ironmaking  via hydrogen-

based direct reduced iron (DRI); to substitute fuel oil and natural gas in select high-temperature industrial heat; to act as seasonal storage and 

limited peaking fuel for power systems; and to supply clean molecules for maritime fuels (e-ammonia/e-methanol) and aviation e-fuels. Its 

sustainability rests on strict guardrails: for electrolysis, additional, temporally matched, and deliverable low-carbon electricity with prudent water 

stewardship; for fossil-based routes with capture, high methane-leak control and Ó90-95% COϜ capture with permanent storage; and for all 

routes, robust certification and MRV. 

In the near term, rapid substitutions should target replacing grey hydrogen with low-emission supply in existing chemical uses (refining, 

ammonia, methanol), enabled by electrolysis tied to clean power and by implementing carbon capture where transport and storag e is available. 

Industrial pilots should advance for hydrogen-DRI/EAF steel and burner retrofits, while flexible electrolyzers that can modulate load and provide 

grid services, alongside salt-cavern or depleted-field storage and pipeline repurposing, should be developed where geology and safety 

standards permit. Through the 2030s, activity should scale into bankable supply chains anchored by large offtake contracts: dedicated 

renewables should feed multi-gigawatt electrolysis, CCUS-enabled reformers should operate in gas-advantaged regions with verified storage, 

shared corridors and port infrastructure should connect producers to industrial clusters and shipping-fuel markets; and certification should be 

tightened to validate emissions reductions. By the 2040s, hydrogen should supply near-zero-carbon feedstocks for chemicals and steel, 

producing synthetic fuels at scale for maritime and aviation, and act as storage that complements variable renewables.

To realize this pathway, energy utilities may invest in hybrid renewables-plus-electrolyzer projects that operate as flexible loads, secure long-

term PPAs for low-carbon power, develop hydrogen storage and safe transmission, and structure hydrogen purchase agreements or contracts-

for-difference that value firmness and verified carbon intensity. Chemicals producers can retrofit ammonia and methanol plants f or low-

emission hydrogen, integrate COϜ capture to supply power-to-liquids (PtL) synthesis, and co-locate electrolysis with process steam and oxygen 

integration to improve site efficiency under credible certification. Industry should progress from fuel -switch pilots to hydrogen-DRI/EAF lines, 

convert high-temperature furnaces where electrification is not feasible, upgrade safety systems, and redesign processes to use i ncorporate 

green hydrogen use. Aviation stakeholders can sign long-dated offtakes for e-kerosene, support PtL hubs near captured-COϜ and hydrogen 

supply, and limit direct hydrogen uses to niche ground power or short-haul demonstrations while prioritizing SAF pathways. Shipping should 

pursue corridor-based offtakes for e-ammonia or e-methanol, invest in bunkering, storage, and crew safety, and order fuel-flexible or 

óammonia/methanol-readyô vessels to hedge technology risk. 

Who to partner with? 

ÁProviders include Thyssenkrupp 

Nucera, ACWA Power, and 

Hydrogenious

Where to find more 
information?

Á IEA

ÁEU Rules for Renewable 

Hydrogen

Á IRENA

ÁNREL Hydrogen

ÁHydrogen Council

ÁChina Hydrogen Alliance

ÁHydrogen Financing for 

Development
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https://www.thyssenkrupp-nucera.com/
https://www.thyssenkrupp-nucera.com/
https://acwapower.com/en/projects/neom-green-hydrogen-project/
https://hydrogenious.net/
https://www.iea.org/energy-system/low-emission-fuels/hydrogen
https://www.iea.org/energy-system/low-emission-fuels/hydrogen
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/747085/EPRS_BRI(2023)747085_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/747085/EPRS_BRI(2023)747085_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/747085/EPRS_BRI(2023)747085_EN.pdf
https://www.irena.org/Publications/2024/Sep/Shaping-sustainable-international-hydrogen-value-chains
https://www.irena.org/Publications/2024/Sep/Shaping-sustainable-international-hydrogen-value-chains
https://www.nrel.gov/hydrogen
https://www.nrel.gov/hydrogen
https://hydrogencouncil.com/en/
https://hydrogencouncil.com/en/
https://globalhydrogenhub.com/industry-link/china-hydrogen-alliance
https://globalhydrogenhub.com/industry-link/china-hydrogen-alliance
https://www.esmap.org/Hydrogen_Financing_for_Development
https://www.esmap.org/Hydrogen_Financing_for_Development
https://www.esmap.org/Hydrogen_Financing_for_Development
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Grid Technologies 
and Infrastructure
Grid technologies and infrastructure 

include the physical transmission and 

distribution infrastructure which 

makes up electrical grids, including 

smart grid technologies.

Lever Details

Industry:

ÁEnergy

Á Information Technology

ÁCommunications & Telecom

ÁBuildings and Construction

Á Automotives

Á Financial Services

Á Professional Services

Installation Cost Range by Grid Solution

50

Å As electricity demand has burgeoned recently around the world, the supply of cables, transformers, materials, and other 

components need to build accompanying grid infrastructure has tightened . This starts at the commodity level and impacts 

each stage of the currently-constrained value chain. This has led to price increases, further limiting the buildout of grid 

infrastructure alongside generation projects. 

Å Land permitting, acquisition, and other use costs may vary significantly. In countries with more  stringent land use or 

eminent domain laws, costs may rise. 

Å Labor costs are another significant component, due to long project lengths and skilled labor demands. These can 

consist of a large portion of build and operation cost. 

Å Financing and state support significantly influences project viability. Investments which are green -bond compliant may 

have lower costs; many transmission and distribution (T&D) companies will report EU Taxonomy-aligned CAPEX. 

Cost Assumptions and Details

Levers Industry Sectors



Grid Technologies 
and Infrastructure

External Factors, Dependencies, and Systemic Change 
Opportunities

Á The grid needs to be both modernized and expanded , to cope with the increasing 

complexity and load  from a more intermittent, distributed, and sizeable power 

system. This requires a significant amount of capital and policy attention. 

Á Grid projects often take longer to come online (from ideation to delivery) than 

generation projects , leading to a global mismatch where an estimated >1,650 GW of 

renewable energy projects have been completed but are waiting to be connected to 

the grid.  An even greater amount of capacity has not broken ground despite other 

amenable conditions due to weak grid infrastructure. 

Á Efforts are needed at the international, national, and local level  to drive grid 

development and modernization. International cooperation can identify areas of the 

grid supply chain that are constrained, and pool technical knowledge, capital, and 

resources to easing these. Supportive policy is required to encourage private 

companies to invest in expansion and modernization, including low -cost capital, tax 

abatements, and public co -investment.

Á Land -use and zoning requirements will likely have to be overridden to successfully 

expand the grid within the timeframe required for the transition. This would have to 

involve public awareness and engagement campaigns, and likely mechanisms to 

compensate landowners and local stakeholders. 

Key Impacts Outward on Nature and People

Upstream
Mineral and raw material processing impacts on environment and 

local labor. Energy used during the extraction and processing process, 

particularly in emerging markets, may not be renewable. 

Operations
Risks related to land clearing, bird collisions, local electromagnetic 

field (EMF )concerns, indigenous land rights , visual impacts of 

widespread infrastructure, cybersecurity vulnerabilities and attacks,  

and maintenance worker treatment and safety. Risks related to the 

failure to build renewable energy supply, and grid infrastructure 

supporting further fossil fuel deployment. 

Downstream
Risks related to the disposal and reuse of grid components and 

equipment , including their composite materials and minerals. 
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Vision for net zero: where does the lever fit in a 2050 net zero world?

Grid technologies and infrastructure are the enabling key to variable renewables, electrification, and flexible demand, used where transmission, 

distribution, and digital control deliver clean kilowatt-hours when and where they are needed. They provide a pathway to replace fossil peakers and 

redundancy with smart capacity; advanced inverters, storage integration, and demand response, while expanding transfer capability via 

reconductoring, Flexible Alternate Current Transmission Systems (FACTS), and high-voltage direct current (HVDC) backbones that minimize 

curtailment and unlock high-quality wind and solar. Applications span bulk transmission and offshore interconnection, distribution automation and 

non-wires alternatives, DER management and microgrids for resilience, and data and cybersecurity layers that coordinate millions  of devices. Their 

sustainability rests on doing more with less land; uprating existing corridors, dynamic line ratings, topology optimization, and targeted undergrounding 

where risk is highest, while embedding interoperability, safety, and privacy so modern grids distinguish themselves from legacy, one-way networks 

that net-zero pathways phase out.

In the near term, grid-enhancing technologies and process reforms must be scaled, including advanced distribution automation and protection, feeder 

hosting-capacity mapping, dynamic line ratings and topology optimization on priority corridors, and standardized advanced-inverter settings (including 

grid-forming modes). Interconnection queue reforms and targeted non-wires procurements should prioritize storage, demand response, and 

microgrids where they can relieve constraints faster than traditional upgrades. In the 2030s, investment should accelerate into capacity and 

digitalization, such as high-capacity reconductoring of AC lines, regional HVDC spines and back-to-back ties, meshed offshore transmission, and 

digital substations, co-located with flexible loads (EV charging, heat pumps, electrolyzers) and orchestrated by Distributed Energy Resource 

Management Systems (DERMS), advanced metering infrastructure (AMI), and real-time telemetry and controls. By the 2040s, the grid should provide 

dependable transfer and ramping capability across seasons and regions, enabling 24/7 carbon-free operations, with coordinated transmission-

distribution-DER operations and locational flexibility to minimize curtailment.

To realize this pathway, energy utilities may invest in T&D upgrades, HVDC links, digital substations, and DER markets, structuring capacity and 

flexibility contracts that value duration, response speed, and availability, while aligning with interconnection and cost-allocation reforms. IT firms can 

deploy cloud-edge data platforms, AI-driven forecasting, and cybersecurity operations that meet utility-grade requirements, while telecom operators 

extend fiber and 5G for grid-critical latency and reliability and harden networks with clean backup. The construction sector should deliver ñgrid-readyò 

assets, with EV-capable wiring, thermal and battery storage, advanced controls, and integrate with demand-response programs and microgrids. 

Automotives should enable managed charging and vehicle-to-grid capabilities and stand up second-life battery supply for stationary storage. 

Financial Services have a critical role to play in scaling regulated asset base (RAB) models, green bonds, securitization of distributed assets, and 

insurance for performance and cyber risk, while professional services accelerate planning, permitting, community engagement, and independent 

MRV of reliability and emissions outcomes. Policy engagement is crucial, including support for regional transmission planning and cost allocation, 

performance-based regulation for distribution, interoperability and cybersecurity standards, flexibility market design, and predictable siting timelines

Who to partner with? 

ÁProviders include Hitachi 

Energy, Siemens Energy, and 

Schneider

Where to find more 
information?

Á IEA

ÁU.S. Department of Energy Grid 

Modernization Initiative

ÁEU Ten-Year Network 

Development Plan
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Grid Technologies and Infrastructure

Levers Industry Sectors

https://www.hitachienergy.com/us/en
https://www.hitachienergy.com/us/en
https://www.siemens-energy.com/us/en/home.html
https://www.se.com/us/en/work/solutions/for-business/electric-utilities/smart-grid/
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.energy.gov/gmi/grid-modernization-initiative
https://www.energy.gov/gmi/grid-modernization-initiative
https://www.energy.gov/gmi/grid-modernization-initiative
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
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Hydropower
Hydropower includes large and smaller 

hydropower projects (e.g., large-scale 

hydropower dams, small scale tidal 

energy), including those that may be 

deployed in open waters, and 

hydropower-driven energy storage.

Lever Details

Industry:

ÁEnergy

ÁMining and Extractives

Á Buildings and 

Construction

ÁChemicals

Á Shipping and Logistics

Á Financial Services

Á Professional Services

Hydropower Cost by Project
($MM/MW Initial CAPEX )
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Á Project economics are dominated by site characteristics . An increase of 100m in dam height or 300m in head-race tunnel 

length can raise conventional hydropower CAPEX by 10-15 percent. 

Á For Pumped Storage Hydropower (PSH), every additional meter of gross head typically lowers CAPEX by ~60 $/kW because 

smaller reservoirs can deliver the same energy. 

Á Tidal and wave projects remain sensitive to marine construction cost (vessel day-rates), device reliability, and array size. 

Doubling the turbine rotor diameter or moving to slip -joint foundations cuts levelized cost of energy (LCOE) by 1-25 

percent. 

Á Maintenance and operational costs may vary based on plant design and characteristics, in addition to the cost of local 

labor. Some plants may require significant constant adaptive work, while others may be able to run ñas-isò for long periods of 

time. 

Cost Assumptions and Details

tCOϜe Saved Annually per MW

Levers Industry Sectors



Hydropower

External Factors, Dependencies, and Systemic 
Change Opportunities

Á Permitting reform is needed across major markets to accelerate project 

timelines. Hydropower has been used in some form for hundreds of years 

and today serves as the worldôs largest source of renewable energy. 

However, project timelines and cost push governments to look to other 

sources,  and total generation has even fallen in recent years due to 

droughts. 

Á Hydropower provides unique benefits by serving as a power source that is 

renewable, relatively easy to store, has limited intermittency , and may be 

constructed using largely native materials and expertise in many markets. 

Policymakers should recognize these benefits and develop targeted financing 

mechanisms and public-private partnerships to move hydropower projects 

forward. 

Á Due to lengthy construction timelines and high upfront costs, the effective 

cost of capital  is a crucial determinant of project cost and if a project moves 

ahead. Developing both supply-side and demand-side initiatives, such as 

PPAs and localized industry projects built alongside the plant, may lower the 

inherent risk of the project.

Á Many hydro plants require renovation and repair to continue their 

operation into the 21st century,  become more efficient, and generate more 

power. 

Key Impacts Outward on Nature and People

Upstream
Risks related to land acquisition, ecosystem fragmentation, and construction 

carbon footprint. Indigenous and community consent processes  and potential 

displacement are critical to manage. 

Operations
Risks of altered river hydrology, fish migration barriers, sediment trapping, 

reservoir methane, and tidal collisions . Occupational safety risks in dam 

maintenance and offshore servicing.

Downstream
Risks related to dam decommissioning, sediment management, and rehabilitation 

of reservoir lands.  Risks related to removal or repowering of marine devices and 

subsea cables; recycling of composite blades and generators.
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