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Abstract

Achieving technological sovereignty implies accelerating innovation and reducing import dependence. An effective
tool for addressing these challenges is local content policy (LCP). The purpose of this study is to assess the impact of
LCP on innovation activity in oil and gas companies and to provide recommendations for enhancing the effectiveness
of this policy in Russia. The paper analyzes the influence of LCP on innovation levels in the oil and gas sector, drawing
on examples from 10 countries. A positive short-term impact of LCP on innovation was identified in Brazil, Malaysia,
and Saudi Arabia, with long-term effects observed in China and South Africa. Recommendations for improving the
effectiveness of LCP in Russia are supplemented with a methodology for calculating the level of technological
sovereignty. A refinement of the method for solving the «responsiveness» problem, incorporating the level of locali-
zation, has been proposed.
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Introduction

One of the effective tools for achieving technological sovereignty is local content policy (LCP).
LCP requirements are policies that force a company in an industry to obtain a certain share of the
resources used in the production process domestically [1-6]. Enhancing domestic value through the
substitution of imported products with locally manufactured ones and generating employment oppor-
tunities by replacing foreign workers with local personnel are some of the most commonly empha-
sized aims of LCP [7-11]. These goals are closely connected, as increasing local production naturally
leads to job creation, many of which can be occupied by the domestic workforce.

In the Russian Federation, the policy is currently shaped by numerous regulatory acts: Decree of
the Government of the Russian Federation N 719 dated July 17, 2015, and N 553 dated April 1, 2022,
which define and clarify criteria for confirming the production of industrial goods within the Russian
Federation. These measures ensure preferences for domestic goods in public procurement, stimulating
production localization. The State Program “Energy Efficiency and Energy Development” and
Directive of the Government of the Russian Federation N 1-r dated January 8, 2009, aim to improve
energy efficiency and promote the use of renewable energy sources. These programs include
measures to develop local technologies and production solutions in the energy sector. Federal Laws
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N 44-FZ dated April 5, 2013, “On the Contract System in the Sphere of Procurement of Goods,
Works, and Services for State and Municipal Needs”, and N 223-FZ dated July 18, 2011, “On
Procurement of Goods, Works, and Services by Certain Types of Legal Entities”, regulate the pro-
curement of goods and services for state and municipal needs, granting priority to domestic manu-
facturers. Additional localization support measures include Directive of the Ministry of Economic
Development of the Russian Federation N 219R-AU dated August 11, 2016, and Decrees of the
Government of the Russian Federation N 2013 dated December 3, 2020, and N 925 dated Septem-
ber 16, 2016, which introduce quotas for the purchase of Russian-made goods and prioritize domestic
products over foreign ones. Collectively, these and other measures enshrined in regulatory acts con-
stitute a localization policy aimed at developing domestic production, reducing import dependency,
and enhancing the economic and energy security of the Russian Federation.

There is potential to enhance the effectiveness of LCP in Russia through several avenues: im-
proving the quality of professional and independent assessments of domestic production compliance
with localization requirements; refining methodologies for calculating local content share; increasing
attention to workforce development and decentralizing oversight by delegating some functions to
independent organizations [7]. To achieve technological sovereignty, it is advisable to implement
measures to improve LCP efficiency.

The implementation of local content policy instruments requires an analysis of the factors hin-
dering higher levels of local production in the market. In practice, this entails examining market
dysfunctions, primarily reflecting limited domestic capacities or external dependence on supplies [1].
It is essential to determine whether local production can be incentivized within existing market mech-
anisms or if state intervention is necessary to ensure long-term economic competitiveness. The as-
sessment of costs associated with the implementation of LCP include both explicit expenses and hid-
den economic costs, such as opportunity costs and potential negative impacts on other sectors. In this
context, the authors propose refining the “responsiveness” problem methodology by accounting the
limitations on the share of local content. In addressing the “responsiveness” problem, the authors
envision an evaluation of the potential long-term net economic benefits of implementing such
measures, including enhancing domestic competitiveness and reducing external dependency. To as-
sess the temporal effects of LCP, it is essential to determine whether the outcomes will be noticeable
in the short term or if the policy targets longer-term goals. This also involves analyzing the policy’s
impact on the innovation activity of companies, the development of new technologies, and scientific
research.

To achieve technological sovereignty, a country must advance its technological development,
which is determined by the level of innovation activity, with patent activity as a fundamental metric.
This study aims to assess the impact of LCP on the innovation activity of oil and gas companies
followed by the development of recommendations to enhance the effectiveness of LCP in Russia.

Definition of local content policy in the oil and gas sector

To analyze the impact of LCP on innovation in the oil and gas sector, it is necessary to describe
the role, possible position, and potential effects of LCP in the context of the value chain.

Suitable oil and gas exploration basins, depending on the type of rocks, are determined using
methods such as seismic surveys, electrical and acoustic prospecting, and others. The obtained data
is interpreted using advanced computer analysis to identify potential hydrocarbon deposits. The next
stage involves exploratory and parametric assessment works, which help refine the promising areas
for further investigation. The exploration stage requires significant capital investment and services
that are often performed by highly specialized service companies. During the preparation stage for
conducting seismic surveys, local labor is engaged for tasks such as road construction, well pad leve-
ling, and material transportation. It is worth noting that the share of imported equipment used for
geological exploration reaches 80 % in some areas, and up to 95 % in hardware-software systems [12].
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At the field development stage, although there is demand for local labor to perform unskilled
tasks and basic construction work, import dependence for several key positions reaches up to 95 %.
For example, the potential for increasing localization levels exists in areas such as heavy transport,
welding machines, bulldozers, 50-ton dump trucks, and construction materials designed for the chal-
lenges of thawing permafrost [13]. This stage requires significant investment and contributes to job
creation and the development of local infrastructure.

The stage of field operation, including the commissioning of the main well stock, assumes a
higher share of local content compared to the exploration, drilling, and well development stages.
However, a reduction in local content is expected at the stage of implementing enhanced oil recovery
methods, which require highly qualified labor (both domestic and foreign specialists) often provided
by oilfield service companies. Furthermore, the highest levels of import dependence are observed in
areas such as sensors for automated process control systems, specialized software, and chemical rea-
gents for drilling fluids and hydraulic fracturing [12, 14].

Hydrocarbon transportation, in the context of local content, can be divided into two types: field
pipelines and trunk pipelines. The construction of field pipelines reflects opportunities for increasing
the share of local content due to the relative simplicity of their implementation, determined by smaller
pipe diameters, location, and other factors. As a rule, the construction of field pipelines is undertaken
by the subsoil user. The construction of trunk pipelines, however, is carried out by other companies
and requires highly qualified specialists due to the larger pipe diameters and the complexities of de-
sign and construction caused by geographic conditions. Consequently, the share of local content de-
creases during the construction of trunk pipelines. In general, import dependence in the transportation
of oil and gas is the lowest — about 30 %. However, there is potential to further reduce import de-
pendence in certain technologies [12].

The refining and petrochemical stage represents the second-largest capital expenditure after well
construction and field development. The operation of refineries requires more highly qualified labor
compared to the commissioning stage. The key role in implementing projects is played by technology
owners (licensors), who determine all contractors. There is significant potential for institutional
regulation and increasing the share of local content at this stage by introducing mandatory local con-
tent norms for technology owners. Particular importance is now being placed on low-tonnage chemistry
(for the production of fuel additives, oil additives) as well as catalysts and zeolites [15].

Methods

The research methodology is based on the application of cointegration analysis, the Vector Error
Correction Model (VEC), and the Vector Autoregression Model (VAR), as well as impulse response
functions to evaluate the impact of local content policies (LCP) on innovation activity in the oil and
gas industry [16, 17]. The study covers the period from 1950 to 2024 for the traditional oil and gas
sector (exploration and production, refining, transportation, and distribution, as well as international
and national vertically integrated oil companies) and from 2000 to 2024 for energy transition tech-
nologies, including hydrogen energy technologies, carbon capture, utilization, and storage (CCUS),
and renewable energy technologies (RET). The study analyzes data from countries actively imple-
menting local content policies: Russia, Brazil, Indonesia, Malaysia, Norway, Saudi Arabia, China,
India, Egypt, and South Africa. The selection of these countries is based on several factors. First, they
represent various regions of the world (Latin America, Asia, the Middle East, Africa, and Europe),
allowing for an evaluation of LCP impacts within different socio-economic and cultural contexts.
This regional diversity enhances the representativeness of the analysis, considering that LCPs are
shaped by the specificities of each region. Second, each of these countries possesses a developed oil
and gas sector that plays a critical role in the national economy and faces challenges related to reduc-
ing import dependence.
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The LCP practices in these countries are relevant for analysis because each country seeks to
enhance production localization and mitigate external risks. The countries also differ in their strate-
gies for implementing LCP: some adopt strict regulations, while others opt for hybrid or models that
are more liberal. This provides an opportunity to assess the effectiveness of various approaches de-
pending on the conditions in which companies operate. Finally, the study accounts for the differences
in and impacts of LCP on both international oil companies (IOC) and national oil companies (NOC).
While LCP increases operational costs for international companies, it simultaneously supports the
growth and competitiveness of national companies.

Innovation activity. An objective metric for assessing the level of innovation activity is the number
of patents registered annually, categorized according to the International Patent Classification (IPC).
Patents represent officially recognized technical achievements and innovations, allowing for a quanti-
tative evaluation of contributions to technological development and innovation within a specific sector.
For each segment of the oil and gas industry, key IPC classes were identified to characterize the opera-
tional profile of companies in that sector [18-22]:

Upstream:

» E21B: Devices and methods for drilling.

» GO1V: Geophysical measurements, such as seismic exploration.

» GO6F: Electronic computing devices and data processing.

» CO7C: Acyclic or carbocyclic compounds.

Downstream:

+ CO1B: Inorganic chemistry.

» CO7C: Organic chemistry, including acyclic and carbocyclic compounds.

» BO1J: Chemical or physical processes, such as catalysts.

» C10G: Petroleum refining.

International Oil Companies (I0C):

+ CO7C: Organic chemistry.

» C10G: Hydrocarbon refining.

» CO8F: Polymers.

» BO1J: Chemical or physical processes.

« E21B: Devices and methods for drilling.

* GO1V: Geophysical measurements.

» BO1D: Separation.

+ CO1B: Inorganic chemistry.

National Oil Companies (NOC):

» BO1J: Chemical or physical processes.

» CO7C: Organic chemistry.

» C10G: Hydrocarbon refining.

» E21B: Devices and methods for drilling.

Specific IPC classes for energy transition technologies, including hydrogen energy, carbon cap-
ture and storage, and renewable energy, were also examined:

« C01B3/02: Hydrogen production.

« B01D53/62: Carbon dioxide (CO>) capture.

» FO3D: Wind energy.

* HO1M: Fuel cells.

» H02S: Photovoltaic systems (solar panels).
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Local content policy. For each year, if any regulatory legal act (RLA) related to the LCP was
implemented, the value +10 is assigned, otherwise the value +1. This structure for constructing the
time series enables the identification of trends and highlights changes in policy.

Analytical methodology. To analyze the impact of LCP on innovation activity, Granger causality
tests and impulse response functions (IRF) were employed. Long-term Granger causality indicates
that changes in variable x (LCP) have a significant influence on variable y (innovation activity) over
the long term (5-10 years). This is identified through the presence of cointegration between the time
series. Short-term Granger causality signifies that changes in variable x predict changes in variable y
in the short term (1-3 years). This is determined by the significance of the lag coefficients of variable
x in the VAR model. The impulse response function (IRF) illustrates the reaction of time series y to
a unit shock in variable x over several periods. A positive and significant IRF indicates that a shock
in variable x (e.g., implementation of a new LCP) leads to an increase in innovation activity (number
of patents) after h periods. Conversely, a negative and significant IRF suggests a decrease in innova-
tion activity.

Stationarity testing. The first step involves testing the stationarity of time series using the
Dickey — Fuller test (ADF test). This is necessary to determine the integration order of the time series
and to select an appropriate model,

Azt = o+ Bt+yze—1+ 01AzZt—1+ ... + OpZyt—p T &,

where A — the difference operator; z:— the time series under analysis; t — the trend; a, B, vy, di — the
model parameters; e — the regression error (residual).

The regression residual e; represents the difference between observed and predicted values. In
cointegration analysis, the stationarity of the residual indicates a long-term equilibrium relationship
between variables. A significant residual in the regression may point to factors influencing innovation
activity that are not accounted for in the model. These factors may include macroeconomic condi-
tions, technological changes, the initial state of the sector, and other external influences.

Cointegration analysis. Cointegration analysis is conducted to identify long-term relationships
between variables. This process involves two main stages.

Regression in levels:

Yt = Bo + Pixt + &t

where y: — innovation activity; x; — local content policy; Bo, p1 — regression coefficients; & — the
regression error.
Testing residual stationarity:
p-1
Aet = ot 1 + ZViASt.i +V,,
i=1
where A — the difference operator; -1 — the error from the cointegration regression; a., yi — regression
coefficients; v¢ — the model error.
If the residual is stationary, this indicates the presence of cointegration between the variables.
Vector Error Correction Model (VEC). The VEC model is used to analyze both long-term and
short-term relationships between time series. First, a simplified VEC model without lags is con-
structed:

Ayt= oo + ouer-1 + V.

Then, a complete VEC model with lags is developed:
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p-1 p-1
Ayt= oo + ou€t-1 +ZBiAyt—i +ZYiAXt—i Ve
i=1 i=1
where Ay:— changes in innovation activity; Ax;-i— changes in local content policy at lag t-i; o, au,
Bi, vi — model coefficients.
Vector autoregression model (VAR). The VAR model is applied to analyze short-term dynamic
relationships between variables. The variables are differenced to ensure stationarity:

p p
Zt= Z(Pizt—i +Zeixt—i TE&,
i1 =)

where z;:— vectors of time series; @i, 6 — model coefficients; e — the model error.
Impulse response function (IRF). To assess the impact of shocks in local content policy on inno-
vation activity, impulse response analysis is employed:

IRF (h) = Yen

asxyt

where IRF(h) — the impulse response function at horizon h; yt+n — the value of the time series y after
h periods after the impulse; ext — the shock in variable x at time t.

Results

The Table presents the results of econometric analysis. Statistically insignificant effects of the
policy on the relevant sector are highlighted in blue. Statistically insignificant effects suggest a high
likelihood of random occurrence of this parameter. Short-term effects of local content policies are
shown in green, while long-term effects are indicated in yellow. The structure of the formulas in the
cells corresponds to the level of policy impact and error margins. The coefficient for the LCP variable
reflects the magnitude characterizing the strength of LCP's influence on the level of innovation activity
(a change in innovation activity level resulting from a 1 % change in LCP). The error accounts for
other influencing factors, such as the initial state of the sector.

To explain the results, an analysis of LCP implementation in countries demonstrating the best
outcomes is necessary. This involves assessing elements like monitoring and control systems, labor-
related policies, procurement policies, incentives, penalties, and specific policy features. Such classi-
fication enables a comprehensive characterization of any country’s LCP effectiveness and its impact
on innovation activity.

Brazil. In Brazil, the approach to overseeing the implementation of local content requirements
in the oil and gas industry is notably decentralized. The main policies and guidelines are established
by the National Energy Policy Council (Conselho Nacional de Politica Energética) along with the
Ministry of Mines and Energy. In practice, the enforcement of these policies is handled by the Na-
tional Petroleum Agency (ANP), which sets the required minimum levels of local content, accredits
certification and research entities, creates reporting templates, tracks adherence to regulations, and
enforces penalties for non-compliance [23]. The National Bank for Economic and Social Develop-
ment (BNDES) is also key, as it imposes local content criteria on projects it finances. The National
Organization of the Petroleum Industry (ONIP) plays an essential role in ensuring that suppliers meet
local content standards, providing certification, and offering training programs. Coordination among
stakeholders is facilitated through PROMINP, which includes representatives from the government
and major industry players such as ministers, Petrobras, BNDES, and ONIP.
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Until 2005, companies were required to indicate the origin of purchased goods and services
without submitting supporting documentation. In 2005, significant changes were introduced, making
the system rely on actual expenditures, enhancing transparency and audit effectiveness. Annex 111 of
Regulation 6/2007 established a clearer, more detailed approach to calculating local content levels
for various categories, such as goods, equipment, services, and systems. ANP was assigned the
responsibility of monitoring and controlling compliance with these standards, requiring quarterly re-
ports [1]. Audits are conducted during both the exploration and development phases, allowing for
comprehensive oversight at all key project stages.

Post-2007 legislative changes refined the minimum local content standards further. Along with
general minimum requirements, individualized targets for different expense subcategories were in-
troduced for each licensing round, making the process more adaptable to project specifics. Operators
are required to dedicate at least 1 % of their gross revenues from oil and gas production to research
and development activities. This allocation is divided between the operator's research centers within
Brazil, which can receive up to 50 % of the funds, and local universities or certified research organi-
zations, which must be the beneficiaries of the remaining portion [1]. This R&D incentive policy
helps to improve the qualifications of local specialists.

During the exploration phase, if the local content level surpasses the minimum requirements, the
excess can, with ANP's prior approval, be transferred to the development stage. Failing to meet local
investment commitments results in penalties. Interestingly, concession agreements provide excep-
tions to local content rules for specific goods if their prices are excessively high, delivery times are
unreasonably long, or the necessary technologies are not available domestically.

Several tax benefits are provided to support local raw material production, encouraging invest-
ments in infrastructure and manufacturing facilities. These include exemptions from taxes like
COFINS, II, IPI, and PIS. Additionally, ANP establishes minimum local content goals for each pro-
ject based on block type (deepwater, shallow water, onshore) and phase (exploration, development),
and develops weight coefficients for evaluating proposals from bidders [1]. This allows participants
to offer higher-than-required local content percentages, providing flexibility and fostering the devel-
opment of local supply chains and technologies.

Thus, the best practices reflected in the influence on innovation activity include decentralized
institutional control, phase-specific reporting, mandatory R&D investments, and local content re-
quirements tied to licensing for exploration and production rights.

Malaysia. In Malaysia, the management structure of the oil and gas sector is characterized by
the high level of centralization within the national company Petronas. This entity combines commer-
cial operations with regulatory oversight across the entire production and distribution process, main-
taining exclusive rights for oil exploration and extraction. Directly accountable to the Prime Minis-
ter’s Office, Petronas operates two specialized units as part of its local content policy strategy: one
focused on supply chain oversight and the other tasked with fostering domestic expertise through
educational programs. These efforts are designed to increase the involvement of local specialists and
enterprises in pivotal projects. Regulation of the downstream and midstream sectors is jointly mana-
ged by the Ministry of International Trade and Industry and the Ministry of Domestic Trade and
Consumer Affairs. This division of responsibility accounts for the unique characteristics of each seg-
ment, minimizing administrative obstacles within the industry. Established in 2011, the Malaysia
Petroleum Resources Corporation (MPRC) acts as a link between national strategic priorities and the
operational needs of the industry [1]. Its functions include promoting Malaysia’s oil and gas industry,
developing recommendations on tax and regulatory incentives, and supporting the attraction of
foreign investments. A significant area of MPRC's activity involves designing mechanisms to enhance
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the competitiveness of the national industry. Specifically, creating conditions for localizing techno-
logical processes and encouraging collaboration between the private sector and government agencies
forms a platform for the sustainable development of the industry.

Reports on local content or monitoring of obligations under production-sharing agreements
(PSA) are not publicly disclosed. However, key performance indicators are established to track pro-
gress in areas such as attracting multinational corporations to operate in Malaysia, consolidating the
local manufacturing sector, and developing engineering, procurement, and construction capacities
through strategic partnerships and joint ventures [24].

Malaysia’s labor policies feature mandatory provisions. Under PSA, contractors are encouraged
to prioritize the hiring of Malaysian citizens. Although specific employment targets, both general and
by position, are not mandated, regulations connect the amount of authorized capital to the type and
number of foreign work visas a company may apply for. PSAs also obligate contractors to train Ma-
laysian personnel to replace foreign workers, with minimum training expenditures clearly outlined in
the agreements.

PSA oblige oil companies to procure materials from companies registered in Malaysia or manu-
facturers if local companies cannot provide the necessary materials or services. The law requires
foreign companies to register and maintain a minimum equity share within the country.

Key measures include tax breaks for pioneer firms, investment incentives, reinvestment initia-
tives, research and development funding, support for building production facilities, assistance for
selected foreign investments, and tax relief for operational headquarters. Notably, companies with
pioneer status benefit from partial income tax exemptions for five years, easing financial pressures
during early operations. This underscores the immediate advantages of LCPs in targeted industries
(see Table). Companies with investment tax allowances can recover up to 60 % of capital expendi-
tures made within the first five years. However, such benefits are contingent upon meeting strict
criteria. Companies must allocate at least 1 % of total sales to local R&D programs. Their workforce
policy must ensure that at least 15 % of employees have scientific or technical education and relevant
work experience [1]. Government priorities emphasize the advancement of high-value-added tech-
nologies and the development of intersectoral production linkages, underlining the importance of
evaluating LCPs in terms of cross-sectoral interdependence. Sanctions are imposed to ensure strict
compliance with corporate activity programs: companies failing to meet agreed conditions lose ben-
efits and risk revocation of their operating licenses. This creates a rigid yet effective disciplinary
mechanism that aids in achieving the set goals.

PSA mandate that contractors annually invest 0.5 % of oil production costs into research. Con-
sequently, the effective practices reflected in their influence on innovation activity include obligations
to invest in R&D, strict worker competency requirements, and a well-developed system of benefits.

Saudi Arabia. The In-Kingdom Total Value Add (IKTVA) program, launched in Saudi Arabia
in 2015, demonstrates significant success in increasing the share of local content in the economy.
In the first year of its implementation, the share of local content was only 35 %; by 2021, this figure
had reached 59 %, and in 2022 — 63 %. To obtain the Saudi Made product status, it is required that
its added value be no less than 40 % or that the main components be produced within the Kingdom
of Saudi Arabia. If the product does not meet these requirements and includes imported materials,
their cost must not exceed 60 % of the total product value.

During the implementation of the IKTVA program, local suppliers doubled their spending on
procuring materials and services domestically. Salaries for Saudi workers increased by 60 %, and
expenditures on training and skill development quadrupled. Foreign investment attracted through the
program reached $6.5 billion by 2021. Furthermore, the Economic Complexity Index (ECI) for
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exported goods showed steady growth: from 0.01 (61st place globally) in 2015 to 0.62 (42nd place)
in 2020, reflecting the increasing complexity and diversification of export products.

The program places particular emphasis on developing methodologies for assessing and measuring
company metrics. To work with Saudi Aramco, companies must undergo evaluation based on six key
indicators: the share of localized products and services, salaries for local employees, the scope of
training for local personnel, expenditures on the development of local suppliers, investments in
research and development, and the revenue earned from collaboration with Saudi Aramco. These data
are used to calculate the local content indicator using the IKTVA formula [25]:

A+B+C+D+r
E

IKTVA=

where A — localized goods and services; B — salaries for Saudis; C — training expenses; D — supplier
development costs; r — expenditures on local R&D; E — company revenue from Saudi Aramco.

The data are verified both by Saudi Aramco itself and by independent auditing firms, such as
Baker Tilly, BDO, Grant Thornton, RSM, EY, pwc, Deloitte, KPMG, Crowe, and Achilles. Failure
to meet program requirements may result in sanctions, including exclusion from Saudi Aramco’s
electronic contracting system.

The program actively invests in human capital, creating large training centers. By 2030, it aims
to train 360,000 highly qualified Saudi specialists. To support employers, the Human Resources De-
velopment Fund (HRDF) subsidizes on-the-job training. Companies offering such opportunities are
eligible for monthly payments of 500 Saudi riyals per candidate undergoing training for up to three
months. The HRDF reimburses up to 75 % of an employee's salary during the training period, up to
a maximum of 1,500 riyals per month. Additionally, the fund covers 50 % of wages for two years,
including the training period, but not exceeding 2,000 riyals per month per employee.

Thus, the effective practices demonstrated in enhancing innovative activity include: employing
a scoring system for contractor selection, establishing large-scale training centers, and subsidizing
on-the-job training for Saudis in the oil and gas sector.

China. The Made in China (MIC) 2025 program, a ten-year plan launched in 2015, imple-
mented by the Communist Party of China and the National Energy Administration, aims to increase
the share of domestically sourced core components and materials to 40 % by 2020 and 70 % by
2025 [26]. Target indicators vary across sectors. In the energy sector, the goals include achieving
90 % domestic market share for Chinese equipment by 2020, with 30 % of annual production in-
tended for export. By 2025, the plan envisages the establishment of three internationally competi-
tive Chinese enterprise groups with appropriate financing, scale, technology, quality, branding, and
competitive advantages. For renewable energy and energy-saving equipment, the target is set at
over 80 %.

Key metrics for measurement include the share of domestic R&D expenditures, the number of
effective patents per capita, the production quality index, the added value of manufacturing, labor
productivity growth rates, broadband penetration levels, digital R&D initiatives, the digitalization of
key processes, as well as metrics for Green Development.

A preferential financing regime exists for Chinese enterprises, with state banks providing subsi-
dies, low-interest loans, and bonds, particularly for small and medium-sized enterprises (SME).
Additionally, funds such as the Advanced Manufacturing Fund allocate $3 billion for technological
modernization in key industries. The construction of 40 national and 48 provincial innovation centers
(by 2025) is underway to facilitate partnerships and the adoption of innovations.
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In the labor sphere, several initiatives deserve attention. The National Training Project “Milky
Way” targets SME with a focus on improving modern management standards and enterprise com-
petitiveness. Furthermore, the Knowledge Renewal Program supports talented professionals and tech-
nical specialists, aiming to retrain professional and technical personnel for innovative roles.

China's policy requires foreign enterprises to establish joint ventures with Chinese firms, with
a minimum of 50 % ownership retained by the Chinese partner as a prerequisite for market entry.

Thus, effective practices influencing innovative activity primarily include a comprehensive set
of localization metrics that separately account for digitalization levels and patents per capita.

South Africa. The South African Department of Energy and the South African Local Content
Authority (SALCA) oversee the monitoring and enforcement of local content policies. Key metrics
include the number of jobs created for South African citizens, the share of local content in the pro-
curement of goods and services, investments in training and development for local workers, and the
percentage of local content in major energy and mining projects [27].

A noteworthy initiative is the Black Economic Empowerment (BEE) Scorecard. Its primary com-
ponents include the share of company ownership held by Black South Africans, the representation of
Black managers in company leadership, investments in the training and upskilling of Black employ-
ees, the proportion of procurement from local Black suppliers, and corporate contributions to the
development of local communities.

Companies are required to submit detailed reports on their compliance with local content re-
quirements, including financial data and workforce information. The Department of Energy and
SALCA conduct independent audits and inspections to ensure that the reported data aligns with actual
performance.

South Africa has a comprehensive system of incentives, including tax deductions, subsidies,
loans, and preferential treatment in tenders.

Indonesia, India, Egypt. The experiences of these countries highlight potential negative aspects
of local content policies that have resulted in a lack of statistically significant impact on innovation
activity.

In Indonesia, the calculation of local content in services is based on the proportion of costs that
exclude foreign components relative to the total expenditure. The degree of localization varies de-
pending on the producer's ownership structure and location [1]. For instance, goods manufactured
entirely by Indonesian-owned companies operating within the country are deemed 100 % localized.
However, if a foreign entity owns 75 % of the business or if the goods are produced abroad by an
Indonesian company, the localization rate is reduced to 75 % [28]. This methodology raises several
issues. First, it does not account for the degree of integration of local suppliers into the value chain,
the innovativeness of the technologies employed, or the impact on the development of the local eco-
nomy. Second, linking the calculation to the formal ownership structure creates distortions, such as
foreign companies using nominal local partners to boost localization metrics. The effectiveness of
such a methodology requires revision. To enhance effectiveness, it is advisable to include additional
parameters reflecting the actual impact on the local economy: the share of local employees in the
company’s workforce, the level of involvement of local suppliers, and the volume of reinvestments
in regional development.

The current Production Linked Incentive (PLI) program directly conflicts with India’s trade
policy. For instance, the import of raw materials for assembling solar modules is subject to a 13 %
tariff, whereas pre-assembled modules are exempt from import duties [29]. Additionally, contractors
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involved in oil operations are required to procure and utilize goods manufactured or supplied within
India, provided such goods are available on terms equal to or better than those of imported goods in
terms of delivery timelines, required quality and quantity, price, and other conditions.

Russia. The oil and gas sector in Russia has demonstrated dynamic responses in innovation
activity to the adoption of local content policies (LCP) and related regulatory acts. The Figure
illustrates statistically significant results, with the x-axis representing time in years and the y-axis
reflecting changes in innovation activity within the respective sector per regulatory act, measured

in percentage points (p.p.).

a

The impact of LCP on innovation activity
has varying characteristics and timeframes. For
the exploration and production sector, it has been
determined that the impact of LCP is strictly ne-
gative, with the maximum negative effect ob-
served within the first five years. Specifically, in
the first year, LCP leads to a 10 p.p. decrease in
innovation activity. In subsequent years, this
negative effect weakens but remains significant
until the fifth year, when the decline reaches
2 p.p. This suggests that in the short term, LCP
exerts significant pressure on this sector, pos-
sibly due to high initial costs or the negative im-
pact of changes in the political environment. In
the long term, the sector demonstrates an ability
to adapt. For energy transition technologies, the
impact of LCP is positive, particularly in the first
two years. In the first year, innovation activity in
this sector increases by 12 p.p., gradually de-
creasing to 10 p.p. by the fourth year and to
5 p.p. by the fifth year. This may indicate that
LCP actively supports the development of
energy transition technologies in the short term,
possibly through government investments or in-
centive measures. However, over time, the effect
of these measures starts to weaken due to market
saturation or a reduction in initial incentives.
In the national oil and gas companies sector, a
similar positive impact of LCP is observed, es-
pecially in the first 2-4 years. In the first year,
there is a significant increase in innovation ac-
tivity by 15 p.p. The average annual decline
starting from the second year is 42 p.p. This
may suggest that LCP provides strong initial
support, fostering the active development of na-
tional innovation centers, but the effect of this
support diminishes over time.
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Discussion of results

Based on the conducted study, recommendations have been formulated to improve the effective-
ness of LCP in Russia:

* Development of an industry standard system to enhance the level of unification, followed by
a reduction in product cost and an increase in production efficiency.

 Improvement of the methodology for measuring localization levels by including innovation
activity indicators for companies in the key metrics list, as well as differentiation by stages of field
development.

« Ensuring the availability of reliable data and information on local production and sales potential
and demand for developing effective measures for implementing local content. The creation of
a regional competency map and monitoring systems is proposed, along with regular updates and public
presentation of data for all stakeholders. It is advisable to consider the possibility of integrating this
initiative into the framework of the Russian Federation’s Spatial Development Strategy.

+ Using the example of cooperation between national companies in China and foreign partners,
it is suggested to introduce mandatory terms for technology transfer in contracts with international
companies. It is advisable to develop technology transfer centers and joint educational centers based
on leading universities for national and foreign companies. In this case, intellectual property rights
belong to joint ventures, and development occurs in the country. In this context, the development of
intellectual property protection systems is essential, including databases of advanced technologies
and developments within strategic partnerships (BRICS, SCO, etc.).

« It is proposed to appoint a technically competent representative from the oil and gas sector at
the enterprise. This initiative will address the compliance of all technical and functional requirements
and will focus on solving actual and necessary tasks for the oil and gas sector “in practice”, not just
“on paper”. The initiative could also develop under Federal Law N 44 dated June 22, 2024, “On the
Contract System in the Procurement of Goods, Works, and Services to Meet State and Municipal
Needs” (Articles 43 and 48).

« Using the example of industrialization levels and rates achieved in the 1930s, it is proposed
to revive the institution of General Constructors. The key task is the formulation of a policy for
scientific and technical progress (STP), including in related industries, in collaboration with leading
scientific organizations.

« Using the practice implemented in Brazil as an example, it is proposed to introduce minimum
local content requirements for each block (deepwater, shallow water, and onshore) and for each phase
(exploration and development) into the licensing system for extraction and development (E&P).

* Following the example of Malaysia and in accordance with the target for R&D investments set
in the Presidential Decree of the Russian Federation N 309 dated May 7, 2024, “On the National
Goals for the Development of the Russian Federation until 2030 and Prospects until 2036”, which
outlines a minimum investment of 2 % of GDP in R&D by 2030, it is proposed to set minimum
investment levels in R&D for national companies in the sector.

The local content policy should go beyond simply obtaining economic rents and focus on the
development of direct and reverse links, as well as demand linkages. It is important to stimulate inter-
sectoral initiatives through targeted programs and grants and to support projects aimed at integrating
other industries with the oil and gas sector. In this context, the method for solving the responsiveness
problem is updated [30].

According to K.Marx, the growth rate of production output differs from the growth rate of public
goods by the magnitude of the growth rate of the change in the cost of a unit of output. Thus, within
the framework of the local content policy (LCP), it is necessary to achieve the highest growth rates
of output with the lowest growth rates of personnel numbers and the rates of reduction in the labor
intensity of production. This conclusion can also be drawn by considering neutral technological pro-
gress according to Hicks [31].
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The economy under consideration involves the change in product output over time, and this
change is described by a sequence of state vectors corresponding to the sequence of production cycles.
In the state of the economy X(s), let us assume a set of products that can be used in the production
cycle s+1.

The task is to minimize the time required for the economy to transition from a given initial state
X(0) to any state X. It is therefore natural to consider the limiting matrices of intersectoral influence
and the dynamically changing level of localization.

A linear economic model is proposed, covering m products Gi, Gz, ... Gm and n technological
processes P1, P2, ... Pn. A technological process Pi is characterized by a triple of m-dimensional
column vectors a;, b., li, where a; = (aii, azi, ..., ami) defines the costs; bi = (b1i, b2i, ..., bmi) defines the

output of products Gi, Gg, ..., Gn at unit |ntenS|ty of technological process Pi; li = (lui, l2i, ..., Imi)
defines the normative required level of product localization. At intensity x; the following products
are consumed (aixi, aziXi, ..., amiXi), and a set of products is produced (b1ixi, b2iXi, ..., bmix;) at the

specified localization levels (l1ixi, l2iXi, ..., ImiXi),

a; - &g,
A= : .
A 0 Ay
by - by
B=| i . i ;
bml bmn
Ill Iln
L=| : :
Iml Imn

The technological localized growth rate of the j-th product is defined as

§:ﬂn.§]“|
1a“x| i=1

Then, the maximum technological growth rate is the non-negative production intensity vector X,
satisfying the conditions:

o — max,
EPN.—azﬁnu
X = O.
If we now introduce the price vector p = (p1, p2, ..., pm) for products G, G, ..., Gm and the

vector of government investments aimed at achieving the required localization level, pi = (pi1, pi2, ...,
pim), then we obtain:

>bib
Bi == _me i
P
This is the gross income of the technological process Pi, related to the cost price in terms of the
local content level.
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Next, it is necessary to place the specified problem in an n-dimensional space of economic
sectors:

8, - &,

anl cee a

nn

where each j-th row corresponds to the output produced by the i-th industry to produce one accounting
unit of its product; each j-th column represents product flows from the j-th industry to all other in-
dustries; that is, the elements of the matrix | determine the unit capital expenditures and depreciation
received by industries for the renewal of production assets, attributed to the unit of output.

Thus, the government faces the task of maximizing the technological growth rate oi and the
economic growth rate f3, given the levels of intersectoral influence (elements of matrix 1) and the
required share of local content.

To define the given state of the economy X and, as a consequence, the constraints on aj and (i,
an upper-level target for the technological development of the country is necessary. According to the
Russian Federation Government Resolution N 719 dated July 17, 2015, “On Confirming the Produc-
tion of Industrial Products in the Territory of the Russian Federation”, the requirements for industrial
products, which determine whether a product is considered to be made in the Russian Federation,
regulate the establishment of a points-based system for evaluating goods with codes according to OK
034-2014 (CPC 2008). However, the directives of the European Commission list product groups
by HS codes without detailing product codes and with general descriptions. To comply with the Go-
vernment Resolution, a unified system for transferring domestic goods from sanctioned product
groups into the OKPD system with subsequent formation of an integral indicator of technological
sovereignty is necessary [32-36].

In accordance with the Government of the Russian Federation’s Directive N 1315-r dated
May 20, 2023, titled “On Approval of the Technological Development Concept for the Period Until
20307, the term “technological sovereignty” refers to the presence of critical and cross-cutting tech-
nologies within the country, as well as the independent lines of development and conditions for the
production of goods based on these technologies. These technologies ensure the state and society’s
sustained ability to achieve national development goals and realize national interests [35-37]. Techno-
logical sovereignty is ensured in two main forms: research, development, and implementation of critical
and crosscutting technologies, as well as the production of high-tech products based on these techno-
logies [38, 39]. It is proposed to consider four integrated indicators to measure the achieved level of
technological sovereignty, which describe the availability of a foundation in priority technologies, the
level of quantitative training, the level of standardization, and the level of technological independence
[40-42]. These four indicators reflect the life cycle of a priority technology in terms of achieving
technological sovereignty — capability to develop, produce, and operate the technology [43-45]:

TS = mr5+mE£+mSS+m,l -100 %,
R, E

t

where TS —the level of technological sovereignty ranging from 0 to 100 %; m; — the weight coefficient
of the indicators, £m; =1; R — the indicator of availability of a foundation in priority technologies;
E — the indicator of the level of quantitative training; S — an indicator of the level of standards provi-
sion; | —the indicator of technological independence; Ry, E: — target values of the indicators.

The indicator of availability of a foundation in priority technologies corresponds to the calcula-
tion of the specific level of patent activity:

R =plc,
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where p — the number of patents for priority technologies in a year; ¢ — the population of the country
during the reporting period.

The target value of the indicator:

Ri=p/c’,

where p” — the number of patents for priority technologies in a year in the leading country for this
indicator; ¢* — the population of the leading country during the reporting period.

The indicator of the level of quantitative training characterizes the specific number of specialists
trained with secondary technical and higher education in areas necessary for the creation, implemen-
tation, and operation of priority technologies:

()

where t — the number of specialists trained with secondary technical education in priority technolo-
gies; u — the number of specialists trained with higher education in priority technologies; ¢ — the
population of the country during the reporting period.
The target value of the indicator:
£ - [t +u j
C

where t* — the number of specialists trained with secondary technical education in priority technolo-
gies in the leading country; u” — the number of specialists trained with higher education in priority
technologies in the leading country; ¢ — the population of the leading country during the reporting
period.

The indicator of the level of standardization characterizes the availability of a standard for a
priority technology:

g = { 0, if the standard absent,
~ | 1, if the standard present.

The indicator of direct technological independence consists of two indicators — the level of
readiness of technologies and the level of readiness of production for the researched product (I from
2/19 to 1):

| = T+M
19
where T — the level of readiness of technologies (according to GOST R 58048-2017 “Technology
Transfer”), T = 1-9; M — the level of readiness of production (according to GOST R 58048-2017
“Technology Transfer”), M = 1-10.

Conclusion

Achieving technological sovereignty is impossible without accelerating technological develop-
ment; therefore, institutional measures should be focused on increasing the level of innovation activity.
Based on the conducted research, recommendations have been formulated for the Russian Federation
on ensuring technological development through improving the effectiveness of LCP. A methodology
for calculating the level of technological sovereignty has been proposed based on four integrated
indicators, and a method for solving the “responsiveness” problem has been updated, taking into ac-
count the required level of localization. The criteria for evaluating the effectiveness of the proposed
changes include the impulse response magnitude: for energy transition technologies —a 20 percentage
point increase in the first 5 years, for exploration and extraction — achieving positive figures, for
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national vertically intergrated oil and gas companies — extending the period of positive impact by
10 % in the first 6 years.

There are certain risks associated with the implementation of the proposed measures. Decen-
tralization of institutional control may lead to bureaucratic delays and lack of coordination between
various agencies, which may slow down decision-making and monitoring processes. Independent
external audits may increase administrative costs and create additional barriers for companies. Im-
proving the methodology for measurement requires resources and time to adapt new standards, as
well as the participation of virtually all federal executive authorities and statistical agencies in the
country. This may cause resistance from businesses, especially during the initial stage of implemen-
tation. These factors must be considered when planning and implementing the proposed changes to
minimize potential negative consequences and maximize the potential of the proposed measures to
enhance the effectiveness of LCP.
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