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ABSTRACT: The paper presents the problematic scope of decarbonisation of the heavy processing of 
the energy and carbon-intensive industry in relation to Polish conditions. The paper is part of the ongo-
ing discussion of scientists and practitioners on the strategic challenges of the decarbonisation of 
industry in Poland. The paper is the result of conceptual research carried out on the basis of a review 
of secondary sources of information. In line with EU requirements, the industrial strategy must include 
a 2050 decarbonisation vision. The ambitious “net zero” target – the prospect of zero CO2 emissions 
by 2050 – requires significant financial outlays and profound technological and organisational 
changes in many industries. The paper is an introduction to the discussion on the preparation of Polish 
industry for profound changes in decarbonisation. 
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Introduction 

Ensuring the sustainability of economies and industries is one of the key 
challenges of overriding policies (NEPs, Paris Agreement). The measures taken 
in this regard have been intensified in recent years. Due to the increasing public 
pressure to limit global warming to 1.5 degrees C, national governments have set 
ambitious goals related to the decarbonisation of economies and manufacturing 
industries. At the 2019 UN Climate Summit, 66 countries announced their inten-
tion to achieve net-zero CO2 emissions by 2050 (Masson-Delmotte et al., 2018). 
In EU countries, decarbonisation is part of the European Green Deal policy. 
Decarbonisation sets net-zero CO2 emissions by 2050. The “net zero” strategy i.e. 
zero greenhouse gas emissions, will radically change existing business models. 
Radical change will be determined by technological innovations that need to be 
introduced in manufacturing companies by 2050 in order to significantly reduce 
CO2 emissions. It should be noted that the radicality of these changes depends to 
a large extent on the planned technological innovations, which are today largely 
in the phases of research and prototypes and at this stage it is difficult to prepare 
a full cost account in this regard. If the plan is implemented, deep decarbonisa-
tion, because this is the path of the industry towards the net zero strategy, will 
not only be an industrial revolution, i.e. a coup that will demolish old solutions 
(process technologies, the organisation of production, energy supply, etc.) and 
build new decarbonised production systems, but also overriding change towards 
planned economies. 

This transformation assumes that in the event of decarbonisation new solu-
tions are new technological investments that will replace the current ones and 
become the driving force of manufacturing companies on their way to “net zero” 
(European Commission, 2023). 

Full decarbonisation has already become an impetus for manufacturing com-
panies (important players in industrial markets) to plan new technological 
investments, which, in the transition phase, will be low-emission and, over time, 
provide companies with zero environmental impact in terms of CO2 emissions 
from production processes. A great number of new technologies will use hydro-
gen, but not fossil-based (natural gas, as a source of power) but green (renewable 
energy sources). Countries see opportunities for the use of hydrogen in numer-
ous sectors, e.g. heat engineering, metallurgy, chemical industry, petroleum 
industry, synthetic fuels, personal or collective transport, the logistics of goods, 
industrial heating and energy security. Large and very large enterprises which 
conduct business activity in metallurgical, automotive, chemical, oil and gas, as 
well as heating industries consider low-emission hydrogen as an alternative to 
existing technologies (see, for example Report Linker, 2023). Citing the Energy 
Market Information Centre, to date 18 countries, the economies of which account 
for 70% of global GDP, have developed detailed strategies for the implementation 
of hydrogen energy solutions (Hydrogen Council, 2020). Hydrogen power gener-
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ation will be supported by other renewable energy sources and nuclear energy 
(Blackbun, 2023). It should be noted, however, that these solutions are largely in 
the initial phase, and their implementation on a large scale is a postulate today. 

Deep decarbonisation will be a challenge for many manufacturing compa-
nies. Heavy industry produces products that are central to our modern lifestyles, 
but is also responsible for nearly 40% of global carbon dioxide (CO₂) emissions. 
Steel, cement and chemical industries are the three most carbon-intensive indus-
tries and among the most difficult to decarbonise, due to technical factors such as 
the need for very high heat and carbon emissions, and economic factors includ-
ing low profit margins, capital intensity, long asset lives and exposure to trade 
(Gross, 2021). Other industries can have other problems, but in all industries, the 
implementation in manufacturing companies in various manufacturing indus-
tries will require the preparation of a multidimensional strategy. The pillars of 
decarbonisation include energy efficiency, the electrification of the industrial 
sector, low-carbon fuels, raw materials and energy sources (LCFFES) and carbon 
capture, utilisation and storage (CCUS), low-carbon and/or zero-emission gener-
ation technologies, as well as materials and products manufactured in these 
technologies. The main strategies and measures to decarbonise industry are 
focused on zero GHG emissions, not only CO2, but also methane. A problem with 
water vapour occurs here (Waisman et al., 2019). Deep decarbonisation (net 
decarbonisation) must be adapted to the directions of the economic develop-
ment of countries. Therefore, solutions implemented from outside should be 
verified in terms of the endogenous potential of national economies, taking into 
account their internal analyses. Economic policies and sectoral climate policies 
must be designed in such a way as to set the key directions for decarbonisation. 
In addition, synergies between decarbonisation objectives with other objectives 
such as energy security, economic growth, employment, quality of life, access to 
relatively low-cost energy sources, local air and water quality and others included 
in the sustainable development strategies of economies should be sought (Fay et 
al., 2015). At this stage, many countries have not analysed the social and eco-
nomic impact of implementing the European zero-carbon policy. The European 
Council also has not published detailed analyses during the opinion phase of the 
European Green Deal and the Fit for 55 legislation. 

The deep decarbonisation concerns specific industries with the economic 
activities of manufacturing companies. Individual industries on the path to “net 
zero” CO2 emissions will be forced to build their own paths to achieve low and/
or zero-emission targets. Paths may have common (and/or similar) economic 
and social conditions, legal and regulatory backgrounds, accessibility to financial 
resources, but the way the strategy is pursued may vary because it must be 
adapted to the resource capacity of specific manufacturing companies. Invest-
ment plans of manufacturing companies are their individual decisions, preceded 
by the collection of signals from inside and outside. The decision-making process 
for the decarbonisation of production must be consistent with management 
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functions, from planning, through programme development, progress monitor-
ing, to investment support and development. 

The aim of the paper was to develop a general framework for the transforma-
tion of the manufacturing industry, which aims to achieve zero greenhouse gas 
emissions. Zero-emissions will be the strategic goal of industry by 2050. It is 
assumed for the purpose of research that the decarbonisation process creates a 
set of determinants, which constitute a kind of strategic framework for individ-
ual industries in their participation in “net zero” policy. The paper focuses on the 
strategic challenges of decarbonising the manufacturing industry, with an indica-
tion of the directions and problems of the transformation to “net zero”. 

The paper assumes that due to real risks, the decarbonisation objectives for-
mulated and their timeframes require revision and critical verification in terms 
of real technological capabilities, social impact, cost-effectiveness for preserving 
structural order and building the equivalence of economies and societies. Today, 
the decarbonisation of the economy is a systemic change because it has a key 
impact on structural governance, the market, society and the maintenance of 
economic growth. Taking into account the economic development directions of 
countries, their endogenous potential, as well as the implementation of the 
adopted assumptions into sectoral policies results from the basics of strategic 
planning. 

The paper does not use inductive and direct research into decarbonisation 
processes in particular types of companies. The authors tried to indicate the risk 
associated with the adopted assumptions of decarbonisation policy. Such a dis-
cussion is necessary not only in political terms, but also in science, which should 
not only examine ex-post reality, analysing the impact and effect, but above all, 
through agency, shape reality in the future. In this respect, a broad debate on the 
adopted decarbonisation assumptions, the pace of their implementation will 
shape the socio-economic costs and quality of life. 

The paper consist of three parts. The first section discusses the general 
issues of changes towards deep decarbonisation and addresses changes in the 
sector (meso) category, while the second section deals with the location of stra-
tegic changes related to decarbonisation in companies. The third section dis-
cusses the barriers to and problems of the transformation to low-carbon technol-
ogies. 

The paper uses the method of descriptive and critical analysis, with refer-
ence to expert knowledge. As a result, the paper was written based on the coher-
ence of conclusions. The work is not detailed, but takes the form of a general 
discussion, which will require further detail with the introduction of changes in 
the energy industry and industries strongly linked to the energy sector, due to 
the energy intensity of processes, e.g. the steel sector, as well as industries that 
need to replace carbon-intensive technologies with low-carbon technologies. 

The authors attempted to identify disparities and risks related to the mis-
alignment of the pace of decarbonisation processes in relation to current eco-
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nomic barriers, including technological ones, with particular emphasis on car-
bon-intensive industries and manufacturing companies. This paper should pro-
vide an impetus to starting a solid debate on the real possibilities of implement-
ing decarbonisation policy. Two trends in this debate are visible today: one which 
advocates decarbonisation as soon as possible, the other – criticising both the 
effectiveness of the actions taken and critical of the costs involved. In the opinion 
of the authors, there is no reliable scientific debate, which should not only inves-
tigate the event ex post, but shape the future with due diligence. 

The paper adopts the following assumptions: the implementation of the 
objectives of a zero-emission economy; in order to ensure equivalence, it requires 
the adaptation of the objectives to technological and financial capabilities, the 
adaptation of the appropriate pace of implemented objectives, taking into 
account social costs. 

In order to effectively and objectively achieve research objectives, descrip-
tive analysis and critical analysis methodology and a deductive method were 
adopted. The reason for using the deductive approach is that it allows for the 
determination of directions for shaping management policy and setting priori-
ties. It becomes a verifier for the real sphere. Sulmicki (1973) put it in a synthetic 
way: there is nothing better for practice than a good theory. It allows you to 
answer the question of how it should be, and the process of collecting and analys-
ing data verified in relation to theory and only then is it subject to detailed and 
subjective modifications. Deduction-based methodology allows you to design the 
future and set priorities correctly. 

The value added of the paper is an indication of research and information 
gaps, which are manifested in the lack of complementary solutions, conflicting 
diagnoses, goals which are unlikely to achieve, experimental and inefficient tech-
nologies, as well as in identifiable strategic threats. Filling this gap will allow for 
the development of integrated, sustainable and viable solutions for decarbonisa-
tion processes in strategic terms. This discussion is taking place today in politics 
behind the scene, the scientific community implements political indications into 
the scientific sphere, adopting them as mainstream solutions. However, it is the 
responsibility of science to seek the truth and build social well-being, as well as 
develop the right solutions for the real world, also for manufacturing companies. 

The strategic framework for the decarbonisation  
of the manufacturing industry 

The specificity of the business strategy is determined by the scope of the 
company’s activity, its resources, the market where the company operates, the 
type of consumer, employee competencies, etc. Strategies must be variable and 
over time they evolve more or less radically, depending on the dynamics of 
change in the environment in which companies operate. Companies rarely oper-
ate on a single strategy basis. 
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The development of a strategy that is a combination of different directions of 
development is usually the most advantageous (David, 1979). The business 
development strategy is an important construct of the business model (Rudny, 
2013; Piontek & Piontek, 2014). Business models are creations focused on creat-
ing value by companies in the existing business environment. 

The paper assumes that the decarbonisation of industry will set a new busi-
ness model that will be conditioned by the implementation of a “net zero” strat-
egy by manufacturing companies, which will start transformational events 
within companies and their value chains or force the decision to terminate the 
activity of a given entity. The European decarbonisation policy directly advocates 
the need for a “departure from” or “extinction” of individual industrial and eco-
nomic sectors. For example, the following should be mentioned: departure from 
the production of combustion cars until 2035, from meat and dairy consumption, 
and from the production of energy from coal. 

This paper presents the strategic, i.e. core framework for the decarbonisa-
tion of the manufacturing industry. The presented framework is part of a wider 
range of strategic changes in business, such as sustainability (Evans et al., 2017; 
Brozovic, 2019; Kristoffersen et al., 2020), circularity and ecosystems (Kanda et 
al., 2021). The structure of the industrial decarbonisation framework was devel-
oped based on available knowledge of the course of the decarbonisation process, 
which is described in overriding documents (legislative and government pro-
grammes) as well as in scientific studies and industrial reports and documents. 
The backbone of the strategic transformation of manufacturing companies 
towards the radical reduction of CO2 emissions is based on industrial decarboni-
sation technologies dedicated to various industries, around which activities 
related to value creation and business efficiency are focused. The relevant (core) 
constructs of the strategic decarbonisation of industry are low-carbon technolo-
gies, and in the future also (almost) zero-emission technologies, powered by 
renewable energy sources. The result of the activity is the value in the form of 
low-carbon products. 

In the literature, the topic of the strategic business framework in decarboni-
sation process is presented in various terms of doing business and internal struc-
ture. According to Franca et al. (2023) in particular publication such scopes were 
analyzed: (1) why companies engage in climate change policies (e.g., Amran et 
al., 2016; Buettner et al., 2022; Finke et al., 2016; Sullivan & Gouldson, 2017); (2) 
what specific corporate actions have been deployed to reduce CO2 (e.g., Gold-
stein et al., 2019; Hafner et al., 2022), and (3) which business performance out-
comes these initiatives have provoked (e.g., Brouwers et al., 2018; Capece et al., 
2017; Haque & Ntim, 2022; Russo et al., 2021; Sartal et al., 2020). 

The following occur at the beginning of the strategic transformation of indus-
try towards “net zero” or at the beginning of building enterprise strategies: over-
riding policies and programmes, available power supply systems, renewable 
energy portfolio standards, support instruments and other conditions that 
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encourage producers to depart from existing generation technology, which uses 
thermal energy production from coal, to implement cleaner technology, powered 
by renewable energy sources (RES) and new CO2 storage and utilisation solu-
tions CC(U)S. 

In addition to the purchase of energy from external renewable energy 
sources (RES), strategic plans for the decarbonisation of companies in various 
processing industries include the directions of reduction of indirect emissions, 
including investments in own energy sources, solutions improving the energy 
efficiency of technologies and manufacturing processes. Energy efficiency and 
resource efficiency remain important in the manufacturing industry’s decarbon-
isation strategy. Despite these assumptions, it should be noted that cobalt neces-
sary for the development of low-carbon technologies is also extracted in African 
countries, which destroys the ecosystem. In poor countries, the postulates of 
“fair transformation”, „sustainable industry” or “resource rationality” remain 
only postulates. 

The Deloitte report (2020) identifies two energy supply pathways for the 
industry, namely the external one, which is to diversify energy forms (wind and 
solar energy and others), and the internal one, which is energy and heat produc-
tion for the own needs of companies (zero-emission own sources). Renewable 
energy technologies are supported by enabling technologies called smart tech-
nologies (Rosa et al., 2020; Trzaska et al., 2021). Smart technologies that help to 
balance the electricity grid as the more irregular renewable energy sources or 
energy-efficient green hydrogen production methods are introduced. In manu-
facturing companies in various industries, digitalisation has changed business 
processes since the 1990s (Gajdzik & Wolniak, 2021). Processes are optimised by 
means of information and digital technologies (ICTs) in real time. Big Data, cloud 
computing and the Internet of Things (IoT) are a strong support for process tech-
nology control. Energy-intensive industries, e.g. the metallurgical industry 
(Gajdzik et al., 2021; Gajdzik & Sroka, 2021), save energy, thanks to new invest-
ments that build the smart manufacturing environment. 

An important (strategic) direction for the decarbonisation of industry is the 
gradual reduction of direct emissions through the introduction (doping) of 
hydrogen in technological processes, as well as the implementation of energy 
efficiency solutions. This direction should be achieved by 2030, in line with the 
adopted target of reducing CO2 emissions by 30% by 2030 compared to emis-
sions in 2020. However, it is important to emphasise a certain disproportion, 
namely: 1. The objectives adopted, precisely defined in time; 2. The level of matu-
rity of the technology in many solutions at the stage of prototypes and prelimi-
nary testing; 3. At the present stage, there is no possibility of implementing the 
technology in the reality at a specific scale; 4. Lack of estimates of the availability 
of raw materials needed to produce components at the desired scale, e.g. global 
cobalt stocks; 5. Lack of estimates of the costs and economic capacity of econo-
mies and societies to bear them, for example, in Poland: according to the calcula-
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tions by Mielczarski (Cukiernik, 2023) the total cost of the Energy Transition in 
Poland will be over PLN 1,000 billion. Almost PLN 600 billion (60%) will be allo-
cated to renewable energy sources, assuming the RES share in electricity produc-
tion at the level of 50% in 2050. The transformation of conventional power plants 
will cost PLN 240 billion, assuming that coal-fired power plants will only be 
replaced by CCGTs. This cost increases to PLN 340 billion if nuclear power plants 
are also built. The cost of electricity grid development is estimated at about PLN 
210 billion (Biznes Alert, 2022). The increased share of renewable energy 
sources to 70-80 percent will increase the costs of RES to more than PLN 1000 
billion before 2050. The European Union support for the costs of energy transi-
tion in Poland under the Just Transformation Mechanism will have provided PLN 
17 billion by 2027. This will be about 5.5% of the total cost of transformation at 
that time , which means that 94.5% of these costs will have to be covered by 
society, with an average salary in Poland of PLN 5,330 net (June 2023) (Biznes 
Alert, 2022). 

The EU document, High-RES scenario of the EU 2050 energy roadmap (Euro-
pean Commission, 2011), which is a roadmap for zero CO2 emissions, specifies a 
few megatrends of energy diversification, namely nuclear energy, green energy, 
grids transmission and distribution (Grid energy storage (grids) means that elec-
tricity is stored when there is more electricity (especially renewable electricity 
from wind, tidal and solar power) or when demand is low and then returned to 
the grid as demand increases), smart (passive) buildings and homes, electric 
transport (electric cars), the development of new heat sources (e.g. heat pumps), 
internal energy sources in industry, and building the hydrogen economy. It is 
assumed that building the hydrogen economy will create a scale effect that will 
reduce the costs of green hydrogen and make it competitive with fossil-based 
hydrogen and natural gas. The assumption of achieving the appropriate scale of 
hydrogen production and electrolysers seems to be debatable in view of the 
expected reduction in the cost of producing green hydrogen. It is sufficient to 
analyse the so-called bottlenecks of the entire process. The process will require 
unimaginable quantities of critical raw materials, the resources of which are lim-
ited. This is often attributed to destabilised markets with a tendency to increase 
this negative trend. Also, the supply of critical raw materials is limited and 
demand is growing disproportionately to the capacity of mining and even the 
planet. These raw materials are likely to be more expensive instead of the 
assumed fall in prices. In addition, increased RES, which destabilise the system of 
energy production and transmission, are accompanied by the increased cost of 
network maintenance not only in Poland, but throughout the EU. 

Industrial technologies that use hydrogen generated from non-GHG energy 
are core strategies to decarbonise manufacturing companies in many industries. 
The vast majority of hydrogen will be necessary to decarbonise the steel indus-
try, which consumes all coke and most natural gas (Gajdzik et al., 2023a, 2023b). 
A more ambitious direction is the total reduction of indirect emissions, namely 
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electricity and heat exclusively from non-emission sources (transition to 
zero-emission own sources) (IREA, 2018). This direction requires changes to the 
existing energy mix from coal to wind farms, photovoltaic cells (PV), heat pumps 
(HP), etc. 

The EU document (Opinion, 2022) states that for the green transition in the 
manufacturing industry to be successful, the sufficient and appropriate blend of 
renewable energy for electrification and production of green hydrogen is neces-
sary. Carbon removal technologies (CDR), carbon capture and storage (CCS) and 
carbon capture and utilisation (CCU) will help industry achieve climate neutral-
ity. The use of renewable energy across Europe is essential to achieve the Green 
Deal objectives. Changes must be comprehensive (systemic) within companies 
and throughout supply chains. The path of decarbonisation of industrial (busi-
ness) processes is, at the beginning, the reduction of the carbon footprint and 
eliminating “black” (carbon-based) energy sources and ultimately producing 
products “without CO2 emissions” (Zero CO2 emissions are attributed to technol-
ogies that reduce emissions by 90% or 95% compared to current ones). The 
decarbonisation of supply chains is a core component of the business transfor-
mation strategy to achieve the climate targets set in the manufacturing industry 
(“Fit for 55” emission reductions by 55% by 2030 compared to 1990 emissions 
and neutrality by 2050 (European Commission, 2011). It will be more effective to 
coordinate the efforts of companies in supply chains rather than act alone. Auto-
mation and digital decarbonisation solutions are extremely helpful to eliminate 
the carbon footprint in supply chains and to reduce CO2 emissions. 

In the “net zero” strategy (a target to be achieved in 2050), companies in the 
various processing industries will seek the maximum reduction of direct emis-
sions, plan investments in hydrogen technologies, improve electromobility, 
deploy advanced technologies within the production line, and use CCU and CCS 
technologies (European Commission, 2018a). CC(U)S technologies are generally 
understood as CO2 capture technologies (e.g. the possibility of congesting brine 
layers or basalt formations into natural gas deposits). These technologies have 
been popularised for more than a decade but have not been implemented due to 
the lack of economic justification (low cost of rights in the ETS). This has resulted 
in a 60% increase in energy prices in Poland at the first stage. It is only the rise in 
ETS prices, as well as the ambitious climate targets adopted in the EU policy, that 
have forced business interest in CC(U)S projects. Carbon removal technologies 
(CDR) from the atmosphere are embedded in strategies for “negative” emissions. 
An important part of negative emissions technologies are also technologies for 
the production of bioenergy with carbon capture and storage (BECCS) and direct 
air capture and storage (DACCS) (Opinion, 2022). However, the energy impover-
ishment of societies is accelerating. According to the forecasts of the TNO Insti-
tute, almost 700 thousand Dutch farms are affected by energy poverty (Ener-
getyka24, 2021). In turn, according to the Ministry of Climate and the Environ-
ment, if it were not for the CO2 price, the cost of generating electricity in Poland 
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would be 60% lower. This means that this cost is borne by society (Ministerstwo 
Klimatu i Środowiska, 2022). The implementation of the industrial decarbonisa-
tion strategy will be based on investments in low-carbon and zero-emission tech-
nologies used in production processes (manufacturing) and/or carbon capture 
and storage technologies (CC(U)S). The strategic objective of the manufacturing 
industry is not to produce CO2 in manufacturing processes. Technologies using 
hydrogen produced from renewable energy sources (green hydrogen) are a chal-
lenge for the manufacturing industry (Hydrogen Council, 2020). However, one 
should ask about the real possibilities of implementing these technologies and 
their cost. 

The high costs of zero-emissions, the projected increase in ETS charges will 
effectively reduce the competitiveness of the economy and individual manufac-
turing companies. For example, one of the first stages is ESG reporting, which 
many companies are currently completely unprepared for (PWC Poland report 
– 70 % of companies are ready for ESG reporting), next limiting availability to 
capital, and higher cost of capital. Achieving zero greenhouse gas emissions by 
2050 requires an investment of $5 to $7 trillion per year in the global energy 
transition, according to the Deloitte report (2023). One must be fully aware that 
the financing of this transition will come at the expense of financing other objec-
tives such as health, education, etc. This cost will be borne by governments, 
which means that society and business as well. It should also be noted that this 
52-page report devotes a total of 1.5 pages to political, market and transforma-
tion barriers, completely disregarding technological barriers as well as social 
costs. For example, 85 % of the Germany’s 2023 budget was allocated to climate 
issues, at the expense of spending on health, safety, education and development, 
as shown below (Figure 1). 

Figure 1. Germany’s Special Funds Exceed Regular Budget 
Source: German Finance Ministry (2023). 

Strategies for the deep decarbonisation of industry are complemented by 
actions regarded as a potential offset of other emissions. This direction means 
the reduction of the adverse impact of numerous processes and technologies 
associated with them in terms of other emissions to the environment. 
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Strategic decarbonisation directions must not mean a cut in production, but 
on the contrary, they should create the conditions for increasing it while respect-
ing the principles of sustainable development and climate protection (Piontek & 
Piontek, 2014). . At the same time, it should be noted that decarbonisation direc-
tions can lead to cuts in production. The path of companies to “net zero” must be 
supported by EU funds for climate and innovation. Manufacturing companies 
will face the profound transformation of industrial activity over the next 30 
years. Although low-carbon technologies are already being tested, their techno-
logical readiness (TRL) (Technology Readiness Levels are different points on the 
scale used to measure the progress or maturity of a given technology) the level is 
increasingly higher (but not in all industries and countries). Strong government 
support instruments for various processing industries will be needed to ensure 
that action plans for new technologies that are expected to significantly reduce 
CO2 emissions during manufacturing processes are realistic (Opinion, 2022). 
Over the years, we have often witnessed that government support instruments 
do not guarantee the development of such significant innovations. Moreover, 
industrial flight outside the EU has been observed for years, and due to decar-
bonisation, it can degrade sciences responsible for creating innovation. 

Demand-related measures will also be necessary to promote low-carbon 
products and new business models (industrial symbiosis, circularity, demand 
response), as well as real opportunities to acquire them, thus not only curbing 
current impoverishment trends, but even enriching societies so that they can 
afford to finance decarbonisation processes without compromising the quality of 
life. 

Technological transformations in the manufacturing industry will be accom-
panied by changes in the working methods, skills and competencies of employ-
ees in the industry. The reorganisation of the human factor in the process of 
industry decarbonisation is primarily new competencies and new jobs in new 
sectors of the economy, referred to as “green jobs”. New skills will be needed, as 
well as staff up skilling and reskilling. In the just transition, citizens and employ-
ees, SMEs, social organisations and regional experts are encouraged to play an 
active role in the inevitable changes in their homes (Just Transition Fund). 

Deep decarbonisation will require greater synergies between politics and 
business. Synergy is inscribed in the process of deep transformation due to the 
importance of change for the development of economies and industries. Compa-
nies without external support (financial, research, information, advisory, etc.) 
would not be able to go through a process of deep decarbonisation. This means 
that this process is not a natural business change, but involves a departure from 
the market economy (external support) and free competitiveness. This process 
will significantly influence the development of both supply and demand in stra-
tegic markets for economies. In addition, internal changes would be ineffective if 
there were no thematic platforms, research centres, test centres for new technol-
ogies, as well as the entire infrastructure to supply industry with renewable 
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energy and nuclear energy (the latter is necessary to meet the growing energy 
demand of economies and industries). Decarbonisation means creating the con-
ditions for unlocking huge financial, technological and intellectual resources for 
investments in low-carbon technologies, including carbon removal technologies, 
which should be implemented quickly. The question is how these proposal will 
be applied. In addition to programmes offering financial support for research 
and development (R&D), new partnerships and exchange of information are nec-
essary to achieve ambitious climate targets. 

This strategic framework aims to help to better understand the deep decar-
bonisation of the manufacturing industry and to build internal strategies for the 
decarbonisation of manufacturing processes in companies. 

Strategy of neutrality in manufacturing companies 

The net zero goal, which will have to be achieved by 2050, will be achieved 
gradually, but will radically change the technologies of the manufacturing indus-
try. Current production methods will be changed by the implementation of new 
manufacturing technologies, the digitalisation of processes and the full automa-
tion of activities (operations). New products and services will be available on the 
market. The market will change, both in terms of supply and demand. The model 
of decarbonisation of the manufacturing industry will require many new market 
and protective regulations against third country markets (countries where the 
decarbonisation of industry will be delayed). The markets of countries with deep 
decarbonisation need to be protected in order to ensure that prices are stable 
and competitive. 

The internal process of transformation begins with the initiatives of R&D 
departments, where innovations are created. R&D departments receive support 
in the form of ready-made (tested) solutions of low-carbon and climate-neutral 
technologies dedicated to individual industries. In some industries, decarbonisa-
tion innovations do not necessarily have to be radical and revolutionary. Compa-
nies can use existing or new technologies in their processes to achieve almost 
zero greenhouse gas emissions. In addition, in the initial phase of decarbonisa-
tion, companies can make changes to some processes like production, supply and 
other. However, in the net zero perspective, further research and development 
(R&D) will be necessary to adapt current technology (i.e. used in the company ) 
to the zero CO2 emissions technology. 

The ways in which companies reach climate neutrality depend on the specif-
icities of the industry, the type of economic activity, the size of companies, the 
markets of suppliers and customers, the natural production potential of coun-
tries and regions, and other factors. Very large and large manufacturing compa-
nies have a market advantage over other technological and organisational inno-
vations at the stage of planning due to access to capital and knowledge (own, 
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large R&D centers). In the Polish context, it should be mentioned that there are 
no global companies, which at the ex ante stage allow for a question about the 
opportunities for countries like Poland to be leaders in the decarbonisation pro-
cess. 

Examples of companies promoting net zero strategies: Viessman (Rzeczpos-
polita, 2023), Sheel Company (Shell, n.d.), Bosch Company (Bosh, n.d.), Orlen 
(Orlen, n.d.). 

“Net zero” strategies in companies are and will be part of the business decar-
bonisation model. Deep decarbonisation will not be achieved without defining 
the vision of a company to achieve process neutrality. The company vision should 
be based on a model or strategy for decarbonising the entire value chain. The 
decarbonisation of value chains in particular manufacturing industries requires 
an understanding of the scope of greenhouse gas emissions. When adopting a 
“net zero” strategy, companies focus primarily on eCO2 emissions directly from 
manufacturing technology. The higher level includes indirect emissions from 
purchased energy generated outside the production company. The broadest level 
includes indirect emissions from the entire company value chain, both up and 
down the chain (Impact Economist, 2020). Therefore, both cross-sectoral and 
vertical transfer of knowledge should be supported and facilitated by creating a 
favourable business environment. However, in the real world, the opposite trend 
can be seen. Volkswagen is moving its production to the United States. In Chatta-
nooga, a factory is being built in 5.2 km² with a production potential of 150 thou-
sand cars per year. The scope of work carried out at the factory in the production 
of the U.S. version of Passat models will cover 85% of the total production pro-
cess. There are currently 1,700 employees employed directly by Volkswagen at 
the Chattanooga plant. Another 10 thousand jobs will be created at the factory 
suppliers from the United States (Auto Świat, 2011). According to the assump-
tions, decarbonisation going beyond the production company allows it to focus 
on the needs and technologies of suppliers (chain input) and on the needs and 
technologies of customers (chain output). Many suppliers of raw materials and 
energy are on the front line of climate policy and deep decarbonisation will begin 
with them. Joint decarbonisation strategies for suppliers and manufacturers will 
foster more efficient reductions in CO2 emissions and increase the protection of 
resources that both suppliers and manufacturers care about and contribute to a 
more resilient and fair supply chain. In turn, cooperation with consumer markets 
will result in better adaptation of products to their expectations. The decarboni-
sation of industry will accelerate when participants in value chains are the initi-
ators of interconnected investment projects. However, a question arises of 
whether the decarbonisation estimates take into account the decreasing availa-
bility of raw materials and how the increased protection of resources should be 
understood, since zero-emission requires many times greater extraction of cop-
per, cobalt, nickel or lithium. 
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Depending on the type of economic activity, companies have several roads 
(paths) leading the decarbonisation of their processes (Impact Economist, 2020). 
The first path is to implement completely new generation technologies (energy 
supply installation) and switch to new and less carbon-emission, internal and 
external types of energy. This path is the most difficult and capital-intensive and 
incorporating it into the company’s decarbonisation strategy will almost be a 
technological revolution, which will entail the restructuring of all areas of the 
company activity. The technology classified as carbon-intensive will be decom-
missioned. These companies will be actively involved in testing new climate-neu-
tral technologies. Very strong capital groups, which are renowned on the global 
market of a given product will decide to follow this path. 

Another path to the climate neutrality of manufacturing companies is the 
modernisation of existing technologies of generation and installation of energy 
supply of processes and improvement of the energy efficiency of processes. As 
new, external “green” energy sources emerge, companies will adapt their tech-
nology to new energy and process requirements. This group of companies will 
wait until manufacturing technologies, dedicated to a given industry in its deep 
decarbonisation process, obtain the status of commercial technologies. 

The third path, which emerges from the first and second paths, will be a com-
bination of new and old generation technologies (energy supply installation) 
with strong diversification of energy sources. This path towards climate neutral-
ity will be followed by numerous companies that will gradually innovate, replac-
ing existing technologies, on their path to the full decarbonisation of their pro-
cesses until the entire machinery fleet is replaced. 

The fourth path refers to the ways of exchanging and/or modernising tech-
nologies described in paths two and three, but is strongly supported by outsourc-
ing of production towards low-carbon technologies. Companies will search for 
suppliers of low-carbon components that will feed into their processes. 

Strategic management all starts with a vision that determines the direction 
of decarbonisation of a production company. The strategy itself, as a key plan for 
the decarbonisation of the company, is based on a detailed analysis of the green-
house gas emission ranges inside and outside the company. The analysis of inter-
nal and external conditions of the decarbonisation process should be supported 
by a technological audit. 

Technological audit is a form of answer to the following questions: What 
technology does the company have? What are the opportunities for companies to 
invest in new technologies? What technologies are considered crucial for busi-
ness development? What are the areas of possible applications for technological 
innovation? What benefits can be expected from the implementation of the 
changes? (Gajdzik, 2022). But above all, an audit is a contribution to the cost 
analysis and calculation of the internal rate of return on investment. The technol-
ogy audit on decarbonisation assesses the technological state of the company, 
together with procedures applied and investment needs in pursuit of neutrality. 
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A well conducted technological audit before the preparation of investment pro-
jects in companies makes it easier for them to achieve success. The audit of pro-
cess decarbonisation is usually conducted with the participation of external con-
sultants, who closely cooperate with the management and employees of the 
audited company. The result of the audit is to determine the directions of techno-
logical changes, in line with the provisions of the “net zero” strategy. 

Manufacturing companies should find opportunities to reduce the cost of 
transformation in the financial plans of decarbonisation. A question about the 
cost of business decarbonisation should be answered in the transition process as 
part of the implementation of the “net zero” strategy. The internal valuation of 
carbon dioxide emissions from the technologies used is one of the components of 
investment planning and CO2 emission financing that companies can adopt to 
attribute “decarbonisation costs” to all activities. 

The implementation of the decarbonisation strategy, which is defined by the 
“net zero” strategy, in line with the EU climate policy objective, must be based on 
radical technological innovation. Works on new low-carbon manufacturing tech-
nologies are taking place, and depending on the industry, they are at the stage of 
testing or pilot projects. Pilot projects enable the creation of decarbonisation 
areas and the implementation (after confirming the effects) of solutions on a 
massive scale. In programmes of this type, the level of available resources is cru-
cial as a catalyst for change. However, in many aspects, their high-scale imple-
mentation prospects are indeterminate, which creates a significant imbalance in 
relation to the time horizon of the decarbonisation process. The implementation 
of the “net zero” strategy could be jeopardised by the gap between ambitious 
targets and the availability at this stage of the transformation of new technolo-
gies for manufacturing companies. 

The strategic performance of companies is assessed and reported, which, in 
the decarbonisation process, focuses on the eCO2 emission indicators of the com-
pany technology and installation and the entire supply chain (the blockchain 
technology and product life cycle assessment, LCA, may be a helpful solution). 

Technological innovations, which are considered necessary in the process of 
decarbonising the manufacturing industry in order to achieve climate neutrality, 
must be economically justified and related to the social dimensions of business 
activity. However, it is not entirely clear what such technological innovation is 
and what is not. For each group of factors (technological, economic, social, polit-
ical, legal, environmental, and market) a list of possible interactions of the com-
pany with the environment in the context of positive or adverse impact is cre-
ated. 

During the implementation of the decarbonisation strategy, the company 
should be in constant contact with stakeholders. Dialogue with stakeholders 
facilitates the process of technological transformation. Companies expect finan-
cial and instrumental support in the process of deep decarbonisation. 
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Barriers to and problems with decarbonising  
the manufacturing industry 

Given the ever-increasing urgency to limit global warming by 2050 to well 
below 2 degrees Celsius above the industrial level, companies are starting to 
make bold commitments in terms of environmental protection, social affairs, 
governance (ESG) and net zero emissions. While it is quite simple to set decar-
bonisation targets, the means to achieve them may be less obvious. New techno-
logical investments to ensure a radical reduction of CO2 emissions into the 
atmosphere are very capital-intensive. The financial barrier, understood as the 
cost of changing generation technology and power technology, is considered a 
decarbonisation-related challenge (Duon, 2023). Companies are concerned 
about the lack of available alternatives to invest in low-carbon and climate-neu-
tral technologies, e.g. steelworks are somehow forced to switch from BF+BOF 
technology (Blast Furnace + Basic Oxygen Furnace) to DRI (direct reduced iron) 
and new generation electric arc furnaces (EAF) (Gajdzik et al., 2023a; Gajdzik et 
al., 2023b). To stay on the market, manufacturing companies need to agree to 
new manufacturing technologies and low-carbon energy sources, which are con-
sidered necessary for individual manufacturing industries to reduce eCO2 emis-
sions from manufacturing processes. 

It is always risky to design and implement changes, especially so profound in 
decarbonisation by 2050. A critical part of the decarbonisation of the business 
model of manufacturing companies is the understanding of risks associated with 
climate change affecting manufacturing activities and ultimately their impact on 
the financial performance of companies. Many scientific communities have sig-
nificantly different positions in this regard (Gajdzik et al., 2023c; Gilchrist & Mou-
zas, 2016). When setting the costs of decarbonising the manufacturing process 
and related processes, companies include risks associated with new investments 
(IIR), markets for suppliers of materials and energy, consumer markets, as well 
as many external circumstances (e.g. the region where the company operates, or 
whether the region is covered by the Just Transition Fund) (Fulton & Weber, 
2012; Haslam et al., 2014; Lohmann, 2009; Pattberg, 2012). Technical constraints 
related to the supply of “green” energy (logistics, new switches, etc.) as well as 
challenges faced by service providers of new technologies and power supply 
infrastructure are also barriers to the implementation of new investments 
towards decarbonisation of production. If companies consider making their own 
investments to power generation technology, they should have access to land for 
new investments in addition to providing resources (Madeja, 2021). In addition 
to technical conditions, the problem may be the mentality of staff and the need 
for reorganisation. New technologies need new skills and qualifications. Deep 
decarbonisation can create new jobs that are referred to as “green” because they 
concern professions that aim to protect the environment directly or to minimise 
the environmental impact of economies and industries. In the United Nations 



ECONOMICS AND ENVIRONMENT  4 (87)  •  2023

DOI: 10.34659/eis.2023.87.4.680

17

Environment Programme (UNEP), green jobs are defined as “work in agricul-
tural, manufacturing, research and development (R&D), administrative, and ser-
vice activities that contribute(s) substantially to preserving or restoring environ-
mental quality”. In other words, green jobs aim to protect and promote the envi-
ronment or always take into account their impact on the health of the planet and 
strive to minimise it (UNEP, 2020). The circular economy, which includes product 
reuse, repair or recycling, will also create green jobs. In addition to reducing 
waste, the circular economy will help save energy and prevent irreversible dam-
age to the environment caused by the exploitation of resources at too rapid a 
pace (Allwood et al., 2011). The path to “net zero” strategy requires a change in 
the managers’ mindset. A holistic approach to management is necessary, and lin-
ear-type thinking must be replaced by circular thinking. Internal management 
transformation can bring energy and cost savings. Circularity means looking at 
the entire life cycle of a product, from how it is produced to how it is potentially 
disposed of, and redesigning it in such a way that it can last longer, be reused or 
reprocessed into something else. According to the Circle Economy global organi-
sation, moving away from the linear economy could reduce greenhouse gas emis-
sions by 39%, reducing 22.8 billion tons of annual emissions from the creation of 
new products from primary materials. In addition to the focus on circularity, 
companies use regenerative models, i.e. ways to protect, strengthen and support 
the environment and communities within their value chains, and preventive 
models, i.e. preempting the adverse environmental impact of doing business 
(Gajdzik & Wyciślik, 2017). With the acceleration of deep decarbonisation, com-
panies will intensify transformative thinking aimed at reducing eCO2 emissions. 
Investment in the latest generation of low-carbon technologies and renewable 
energy sources should take place within the capacity of the company and its sup-
ply chains. 

It should be noted that in the case of the energy industry, there is no stable 
source of zero-emission energy at this time. And many technologies like nuclear 
fusion are in the experimental phase. 

Mielczarski draws attention to doubts regarding the technological capacity 
of storage (Cukiernik, 2023). In his opinion, electricity cannot be stored. Physi-
cists know this very well. Einstein repeatedly said that electricity is the move-
ment of electrons and movement cannot be stored. Prof. Mielczarski (Cukiernik, 
2023) points to the possibilities of storing energy only in intermediate forms: 1) 
in the form of potential energy through the construction of a pumped-storage 
plant; 2) in chemical, e.g. lithium-ion warehouses, like in cars; 3) another new 
idea is hydrogen. All of these solutions do not translate into energy security. For 
example, if a pumped-storage plant was filled in May or June and wait until Janu-
ary to use stored water, it would perform one cycle per year, and the cost of 
energy would not be PLN 2,000/MWh, but PLN 200 thousand/MWh. Readers 
should evaluate the validity of such decisions. 
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In turn, the consumption of lithium (the so-called white gold) is associated 
with the consumption of a large amount of water, environmental pollution and 
social protests. Australia is currently the largest producer of lithium, and Chile 
has the richest deposits. Argentina, Bolivia, China and the United States also have 
large deposits. Lithium, although it is quite common, requires a lot of money and 
long preparation. For this purpose, impressive “lithium fields” are used – rows filled 
with ponds, the views of which from the bird’s eye delight with shades of yellow, 
turquoise and green. However, experts emphasise the risks associated with this 
method of extraction – 500 thousand litres are needed to obtain one tonne of lith-
ium, and according to some sources up to 2 million litres of water. According to the 
Bank of America, demand for lithium, which in 2020 amounted to 300 thousand 
tonnes per year, will have increased to 3 million tonnes by 2030. Fitch Solutions 
analysts predicted that demand would grow faster than production, so the world 
could face a shortage of lithium by 2025 (Bankier.pl, 2023). According to Bench-
mark Mineral Intelligence analyses, by 2040, the entire lithium extracted in 2021 
will be enough to meet the monthly demand, even with the delivery of recycled 
batteries, and by 2050 we will have to extract 20 times more lithium than today. 
The annual production of lithium must increase to 11.2 million tonnes (Magaz-
yny.pl, 2022). 

For the purpose of further discussion, the authors proposed a tabular layout 
of the proposed argumentation structure for introducing sectoral changes within 
the framework of “Deep Decarbonisation”. At this stage of access to knowledge of 
the transformation taking place, the table could not be filled in due to too many 
legal, organisational and systemic gaps at the levels of the overriding policies as 
well as the strategic levels of companies. The proposed table (Table 1) can be 
used as a tool at the stage of analysis prior to the feasibility study of technological 
projects. 

In order for the deep decarbonisation of the manufacturing industry to be an 
opportunity, it is necessary to make policy assumptions realistic, assess the avail-
ability of raw materials (as well as value them) with the plausibility of technolog-
ical processes, but above all, calculate to what extent the costs and pace of these 
changes will be socially accepted. The impoverishment of societies already in 
many countries raises decision-making dilemmas at the government level. Busi-
ness, in turn, faces large increases in energy and raw materials costs (e.g. high 
scrap prices in the steel sector). Without ordering and ensuring acceptable eco-
nomic stability, it is difficult to understand the decarbonisation of technologies 
and identify opportunities to reduce eCO2 emissions and identify potential 
opportunities to move to a decarbonisation model and invest in new low-carbon 
technologies. 
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Table 1.  Example tool for analysing the conditions of the sector/industry transformation to net zero 
strategy 

Stages of implementation of zero-emission policy to the real sphere from the perspective of the economy, industries,and 
manufacturing companies

LP. STAGES

Expected  
environmental, 
economic, and 
social EFFECT (E)

Estimate environmental, 
economic, and social 
EXPENDITURE (N) 

E/N RELATIONSHIP 
related  
to a properly 
defined  
criterion

1. Determination of the degree of emissivity 
of the economy/industry/process

EX
PE

RT
 D

 E
 B

 A
 T

 E
 –

 M
ul

tiv
ar

ia
te

 a
ss

es
sm

en
t o

f c
os

t a
ct

io
ns

Necessary condition

2. Identification of the objectives of the 
zero-emission economy for industries, 
taking into account the strategic  
dimension

Setting CO2 
emission reduc-
tion targets 

Expenditure to be made to 
achieve the target in these 
terms, taking into account 
emission inputs

Necessary condition

3. Share of economy/industry emissions 
in GDP

Necessary condition

4. Replacement value of zero-emission 
economy in GDP/for the industry/the 
company

Restoring the 
current GDP value 
of the liquidated 
industry

Expenditure to be incurred 
to restore the value of GDP 
together with flows

Necessary condition

5.a Technological availability for industries Determination of 
the decarbonisa-
tion effect 

Cost of existing or planned 
technology taking into 
account environmental and 
social risks

Necessary condition 
– determination of 
technological risk

5.b Transfer of green technologies (imple-
mentation of technologies available at 
laboratory/pre-industrial scale –  
scale-up)

Implementation 
of technology at 
TRL<9 level

Investment costs depend-
ing on the technology and 
the level of readiness of the 
solution

Unnecessary  
condition

6. Social and environmental costs and 
inputs

Multi-option 
valuation of social 
and environmen-
tal benefits

Multi-option valuation of 
the social and environmen-
tal costs necessary to bear

Necessary condition

7. S&G supply chain assessment (human 
rights, sanctions, sustainable manage-
ment)

Social impact 
assessment of 
subcontractors, 
raw material 
suppliers, and 
ESG due dil-
ligence

Impact on social factors Necessary condition

8. Identification of internal links between 
industries and identification of critical 
points

Necessary condition (elimination of contradictions, consistency of the 
pace of change)

9. Determination of the pace of deployment 
of zero-emission technologies for indus-
tries

Technology 
availability 
(research, design, 
experimental, 
multi-implemen-
tation phases)

Cost of technology dis-
counted by time

Necessary condition
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Stages of implementation of zero-emission policy to the real sphere from the perspective of the economy, industries,and 
manufacturing companies

LP. STAGES

Expected  
environmental, 
economic, and 
social EFFECT (E)

Estimate environmental, 
economic, and social 
EXPENDITURE (N) 

E/N RELATIONSHIP 
related  
to a properly 
defined  
criterion

10. Implementation tools

EX
PE

RT
 D

 E
 B

 A
 T

 E
 –

 M
ul

tiv
ar

ia
te

 a
ss

es
sm

en
t o

f c
os

t a
ct

io
ns

Expected zero-
emission effect 
discounted by 
lost benefits 

Public and private  
expenditure

Necessary condition

11. Development and evaluation of industry 
standards (policies) in the context  
of S&G

Multidimensional 
assessment of 
business policies 
and management 
(e.g. AML, Cyber-
sec, Agile, etc.)

Multi-option assessment of 
the implementation of new 
business practices, policies 
and management

Necessary condition

12. Multidimensional assessment  
of the impact of ESG regulations  
on the financial performance  
of the sector/industry/companies

Modelling the 
impact of identi-
fied risks, gaps 
and opportunities 
in assessing the 
financial situation 
of the company/
industry/sector in 
accordance with 
ESRS/IFRS 
guidelines

The value of investments 
specific to the industry 
and identified gaps

Necessary condition

Conclusions 

To sum up, the manufacturing industry is a core link in the decarbonisation 
of economies. Overriding policies set very ambitious targets for reducing eCO2 
emissions over the next three decades. However, there are no necessary compre-
hensive analyses of the economic and social impact of achieving the objective of 
zero-emissions in 2050. New production technologies, which are classified as 
innovations in the field of climate neutrality of industry, as well as technologies 
which improve energy efficiency and solutions to optimise processes powered 
by renewable energy, are examples of the industrial transition by 2050. To 
achieve the objective of carbon neutrality by 2050, investments in research and 
development (R&D) as well as financial and instrumental support for innova-
tions that are part of the decarbonisation of industry will be needed. However, 
first of all, mature technologies will be necessary, which can be implemented on 
the desired scale. For the manufacturing industry such as cement, chemical, met-
allurgy, CCS and CCU technologies (of CO2 capture) are also important. The last 
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decades, in which decarbonisation in the EU has been gaining momentum, have 
shown the effects of the process, namely industrial and human resource flight, as 
well as a significant decline of EU countries in creating global innovation. Cur-
rently, there are still large differences between carbon-intensive industries, e.g. 
energy, aviation, and the agricultural sector which produces the least CO2 from 
large sectors, from the carbon structure of the economy, access to low-carbon 
technologies and the cost of acquiring them, etc. This approach has its roots in 
the strategic planning of companies of various industries. Each industry must 
have a reference in overriding policies, in the form of decarbonisation pathways, 
step by step. Numerous publications emphasise the need to develop effective 
pathways for achieving low carbon emissions (Gajdzik et al., 2023a; Gajdzik et al., 
2023b; Bataille et al., 2016a; Bataille et al., 2016b; Mathy et al., 2016). The 
authors point out that this is not a general path, but a path supported by tools for 
assessing efficiency, as indicated in the title of the publication (Bataille et al., 
2016a; Bataille et al., 2016b). There are still too many barriers in energy-inten-
sive sectors and important for economies to make changes quickly (Gajdzik et al., 
2023a; Gajdzik et al., 2023b; Bataille, 2019). The process must be well planned 
because it already has symptoms of a technological revolution. 

However, deep decarbonisation involves not only changes in technology 
through low carbon innovation, but requires a broader sociotechnical transition 
that also entails changes in user behavior, culture, policy, industry strategies, 
infrastructure and science (Fais et al., 2016; Markard et al., 2012; Geels, 2002; 
Grin et al., 2010; Wesseling et al., 2017). 

The discussion presented in the paper seems to be a simplified scheme of 
thought, as it concerns only the strategic framework for the deep decarbonisa-
tion of the manufacturing industry, but it can encourage scientists and practition-
ers to develop knowledge of the deep decarbonisation of the manufacturing 
industry. The general knowledge of the decarbonisation of the manufacturing 
industry will develop with technological advances, economic changes, invest-
ments made, etc. On the basis of the overall strategic framework, cross-sectoral 
and sectoral decarbonisation solutions will be built, accompanied by the exam-
ples of good business practices in conducting the deep decarbonisation process 
effectively. 
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Bożena GAJDZIK  •  Barbara PIONTEK 

BUDOWANIE ODPORNOŚCI EUROPEJSKICH ŁAŃCUCHÓW DOSTAW 
W OBSZARZE ŻYWNOŚCI: WYNIKI BADANIA DELFICKIEGO  

STRESZCZENIE : W publikacji przedstawiono problematykę dekarbonizacji ciężkiego przemysłu 
przetwórczego, energochłonnego i wysokoemisyjnego w odniesieniu do polskich warunków. Praca 
wpisuje się w toczącą się dyskusję naukowców i praktyków na temat strategicznych wyzwań dekarbo-
nizacji przemysłu w Polsce. Praca jest rezultatem badań konceptualnych zrealizowanych na podsta-
wie przeglądu wtórnych źródeł informacji. Zgodnie z wymogami UE, strategia przemysłowa musi 
zawierać wizję dekarbonizacji w perspektywie 2050 roku. Przyjęty ambitny cel „net zero” – perspek-
tywa wyzerowania emisji CO2 do 2050 roku – wymaga dużych nakładów finansowych i głębokich 
zmian technologicznych i organizacyjnych w wielu branżach przemysłu. Praca stanowi wprowadzenie 
do dyskusji o przygotowaniu polskiego przemysłu do głębokich zmian dekarbonizacyjnych. 
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