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SUMMARY

® Green Transformation (GX) is not a growth area confined to specific industries. It is emerging as a common
foundation spanning multiple industries through functions such as electrification, control, and resource
circulation.

® Reading the future visions presented in IR materials such as integrated reports together with GX patents
provides insight into each company’s technological focus and position within the overall GX landscape.

® Reorganizing patents from the perspectives of function and business methods makes it possible to
visualize competitive structures that are difficult to grasp through conventional industry classifications. This
perspective is becoming increasingly important as a starting point for considering collaboration and role
sharing in a wide range of growth areas.

1. GX AS A COMMON THEME IN CORPORATE MANAGEMENT PLANS

IR materials, such as integrated reports, medium-term management plans, and annual reports, describe each
company’s vision for the future and the technologies deemed important for achieving that vision. The language,
structure, and terminology used vary greatly by company, making it difficult to compare and organize information
across multiple companies and segments. In recent years, however, the use of Al has been advancing as a
means of efficiently organizing this large volume of public information.

When representative companies are selected from each segment and Al is used to organize the key
technologies/keywords described in their latest IR materials as of March 2026, references to GX (green
transformation)-related technologies can be widely identified across multiple segments (Figure 1). This shows
that many companies have positioned GX at the core of their growth strategies in recent medium-term
management plans.
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Figure 1: Rate of GX-related keyword mentions in IR materials (by segment)
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Chemicals: Mitsubishi Chemical (Japan), Sumitomo Chemical (Japan), BASF (Germany), Dow (US)

Iron & steel products: JFE Steel (Japan), Nippon Steel (Japan), ArcelorMittal (Luxembourg), SSAB (Sweden)
Lifestyle: Ajinomoto (Japan), Kao (Japan), Nestlé (Switzerland), Unilever (UK)

Energy: ENEOS (Japan), INPEX (Japan), Shell (UK), TotalEnergies (France)

Machinery & infrastructure: Mitsubishi Heavy Industries (Japan), Hitachi (Japan), Siemens (Germany)
Innovation & corporate development: NTT (Japan), Sony (Japan), Alphabet (US), Microsoft (US)

Source: Compiled by MGSSI based on data from various reports

Furthermore, when Al is also used to organize the descriptions of key technologies in these materials, GX-
related keywords such as decarbonization, energy transition, resource circulation, electrification, and energy
efficiency appear commonly across many segments, including chemicals, steel, energy, and machinery and
infrastructure, confirming that GX is a theme that extends beyond industry boundaries (Figure 2). This suggests
that although the future visions presented by each company are diverse, there are commonalities in the
functional structures of the technologies that underpin them, and GX-related technologies can be seen as
creating points of intersection between businesses.

Figure 2: GX-related keyword mentions in IR materials (by segment)
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Under these circumstances, rather than comparing companies solely based on the industry they belong to, it is
important to understand which technology areas and functions each company is focusing on under the common
theme of GX, and how they are seeking to leverage these as a competitive advantage. In this context, patents
serve as a valuable clue to the intellectual foundation that translates future visions into execution capabilities.
The next section therefore organizes GX-related patents based on a systematic technology classification and
provides an overview of companies’ positions within the broader GX landscape.
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2. COMPANY POSITIONS WITHIN THE GX PATENT LANDSCAPE

Patents are an effective indicator of a company’s technological focus when linking the GX strategy presented
as its future vision to execution capabilities. This section organizes GX-related patents using the Green
Transformation Technologies Inventory (GXTI), which was developed by the Japan Patent Office to provide an
overview of GX technologies.

GXTl is a technology classification table published alongside patent search formulas for searching patent
documents included in each technology category, such as energy efficiency, power control, resource circulation,
and CO2 capture. Organizing patents by technology provides a framework for cross-sector comparison of the
areas of GX in which each company has strengths. When comparing companies, it is also important to use
patent scores that factor in not only the number of patents, but also the extent to which those patents are
referenced or cited by other companies. In general, patents that are cited frequently by subsequent patents
indicate that the technology has an important position within the industry. Using such indicators therefore makes
it possible to understand a company’s technological position in terms of both quantity and quality.

Figure 3 compares the GX-related patents (active patent families including pending applications as of April
2026) of the companies whose IR materials were analyzed in Section 1, using patent scores based on the GXTI
described above. The figure shows which technology areas each company focuses on, while also providing an
overview of the extent to which companies in different segments are focusing on the same technology areas.
This makes it possible to visualize not only the significant differences in priority technologies among companies
under the common theme of GX, but also situations in which multiple companies are focusing on specific
technology areas across industry boundaries, indicating potential for competition and collaboration. In particular,
some areas, such as “energy efficiency of buildings” and “transmission/distribution and smart grids,” include
companies with high scores across multiple segments, suggesting that GX is not confined to specific industries.

Figure 3: Technology focus areas of companies based on GX-Related patent scores
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Sony (Japan)

Furthermore, by comparing references to GX-related keywords in IR materials with the status of patents, each
company’s approach to GX can be understood not merely as the outlining of a direction, but as a relationship
between priority technology areas and specific technological accumulation.

As shown in Figure 2 in Section 1, IR materials often present future visions using relatively broad concepts,
such as decarbonization, energy transition, and the realization of a circular economy. However, when the patent
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scores for GX-related technologies in Figure 3 are examined, these directions appear as more specific
technology areas, such as “energy efficiency of buildings,” “chemical production from biomass,” “recycling,” and
“Carbon dioxide Capture and Utilization (CCU), Carbon dioxide Capture, Utilization and Storage (CCUS), and
negative emissions.” When areas emphasized in IR materials also show relatively high patent scores, it
suggests a certain correspondence between strategic priorities and technological accumulation.

Conversely, another notable feature is that GX initiatives presented in IR materials as integrated efforts appear
in patents as multiple separate technology areas. By examining the distribution of individual technologies, it is
possible to understand in detail the specific areas in which each company has strengths.

Organizing GX-related patents by function and reading them together with descriptions in IR materials makes
it possible to assess each company’s progress toward realizing its future vision. It also enables comparison not
based on conventional industry classifications, but from the perspective of which functional structures of GX a
company is seeking to secure and commercialize. GX is a cross-industry theme and is emerging as a common
foundation across multiple industries, centered on functions such as electrification, control, and resource
circulation.

3. COLLABORATION OPPORTUNITIES REVEALED BY FUNCTIONS AND
BUSINESS METHOD PATENTS

As discussed in the preceding sections, GX is not an industry-specific process; rather, it is increasingly emerging
as a common functional structure. These functions are commonly required across a wide range of industries,
so cross-industry reusability is more likely to appear in business method patents involving control methods,
operational logic, and service design than in patents covering physical equipment or materials.

Business method patents have previously served as a source of competitive advantage in fields such as e-
commerce, logistics, and finance. In GX, however, many issues are common across industries, including
optimization under energy constraints, integrated management of distributed facilities, and incentive design for
users. Business method patents are therefore also becoming increasingly important in GX as a starting point
for collaboration and value creation. As the basis of competition in GX shifts from the industry to which a
company belongs to the functional structures it secures and how it can combine them with others, organizing
patents from the perspectives of function and business method reveals collaboration potential that was difficult
to identify through conventional industry classifications.

Figure 4 shows specific examples extracted from the GX-related patents organized in Section 2 that qualify as
business method patents and have been found to have spillover effects into other industries. What these
examples have in common is that subsequent patents by companies in different industries have been identified
beyond the original fields of application.

For example, Shell’'s EV charging-related patent (EP2768695) (shown in red in Figure 4) appears to be a
technology in the energy and mobility fields. However, its core lies in generic asset management logic for
reserving, authenticating, billing, and scheduling shared resources via the cloud. For this reason, companies
holding subsequent patents include financial, telecommunications, and IT companies, and future applications
in fields such as logistics and manufacturing can also be expected.
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Figure 4: Potential expansion of GX-related business method patents into other industries
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Source: Compiled by MGSSI based on data from LexisNexis PatentSight+

These examples indicate that business method patents may function less as exclusive rights that enable a
company to carry out a business entirely on its own and more as starting points for considering collaboration
and role sharing with companies in other industries. In GX, capital investment is large in scale, and many
businesses are difficult for a single company to build alone. The importance of collaboration through function-
based business method patents is therefore expected to increase further.

4. CONCLUSION

This report has presented a perspective for interpreting companies’ technological positions and scope for
collaboration by combining the future visions described by various companies with an analysis of GX-related
patents. While IR materials indicate each company’s strategic direction, they do not always make clear which
technologies support that direction or the extent to which it is backed by execution capabilities.

Patent analysis confirmed that GX is not a theme confined to specific industries but is emerging as a common
foundation across multiple industries, centered on functions such as energy efficiency, electrification, control,
and resource circulation. Re-examining patents by function and by business method also reveals
complementary relationships and potential for collaboration between companies that were difficult to identify
through conventional industry classifications.

Implementing GX requires substantial investment and long-term commitment, and few companies can address
it entirely on their own. This makes it all the more important for future growth strategies and investment decisions
to consider not which industry a company belongs to, but which functional structures it can secure and with
whom to partner. The framework presented in this report can also be applied to growth areas beyond GX. For
example, in the semiconductor field, where competition has intensified in recent years, analysis could be
organized around device manufacturing processes and structures, applications, and higher performance and
lower power consumption as counterparts to the functions of GX in Figure 3. Reorganizing patents in this way
makes it possible to gain an overview of the strengths and competitive relationships of different players in design,
manufacturing, materials, and equipment, as well as the structure of role sharing among them. Beyond GX, this
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approach can also serve as a practical analytical method for connecting strategy and IP in a wide range of
future growth areas, as well as for evaluating potential investment and collaboration opportunities.
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