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Abstract 
Modern conditions for transforming the business environment in the context of imple-
menting sustainable development goals, decarbonising the economy, and ensuring cli-
mate neutrality determine the need to implement effective measures at the level of indi-
vidual enterprises. External challenges determine the urgency of strengthening enterpris-
es' green competitive advantages and forming an integral level of green competitiveness. 
e paper offers a methodological basis for the long-term forecasting of enterprises' 
green competitiveness levels. e key object of the research is a set of companies repre-
senting the machine building, agriculture, and food industries, as strategic branches of 
Ukraine’s economy. e period of 2020–2028 was chosen as the interval for foresight. e 
application of autoregressive integrated ARIMA modelling by means of the non-linear 
least squares method made it possible to determine transformation vectors, marketing 
determinants, and target orientations for increasing the integral level of green competi-
tiveness. e assessment of the results showed that the leading enterprises in the optimis-
tic scenario are PJSC "SVF Agrotron" (agro-industrial complex), where the predictive 
value of green competitiveness is 0.84; PJSC "Wimm-Bill-Dunn Ukraine" (food indus-
try), for which the predictive value is 0.73; and PJSC "Motor Sich" (mechanical engineer-
ing), for which the predictive value of green competitiveness is 0.74. e results of the 
evaluation revealed the leading enterprises according to the optimistic scenario for the 
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agro-industrial complex, food industry, and mechanical engineering. e research sub-
stantiates the claim that the priorities of the strategy for increasing the level of green com-
petitiveness and the relevant determinants of its implementation should be determined 
considering the transformation scenarios of its level. 
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sustainable development, green competitiveness, forecasting, transformation. 
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Introduction 

e approved Sustainable Development Goals 2030 underscore the critical need for companies to 
transform their management technologies based on green economy principles. As competition inten-
sifies across sectors, developing green competitive advantages becomes essential for enterprises aim-
ing to boost their overall green competitiveness (Brych et al., 2021; Chen et al., 2023; Gavkalova et al., 
2022a). e convergence and complementary effects generated during the formation of these green 
competitive advantages play pivotal roles in ensuring the sustainable development of enterprises. ey 
enable expansion in competitive positions in both domestic and global markets, enhancing investment 
attractiveness and capitalisation (Hussain et al., 2021; Kwilinski et al., 2024; Szczepańska-Woszczyna 
et al., 2022). Moreover, the management of green competitiveness should extend beyond merely ana-
lysing past and current indicators. A deep understanding of the competitive environment, including 
its distinct features and the systems and processes within it, is crucial. is comprehensive awareness 
aids companies in making informed strategic decisions that foster sustainable competitive advantages 
(Kwilinski, 2023; Letunovska et al., 2022; Vaníčková et al., 2020). Forecasting within the business en-
vironment is particularly valuable as it allows for the simulation of various scenarios, helping evaluate 
decisions and changes aimed at strengthening green competitive advantages. e effective forecasting 
of green competitiveness is instrumental in identifying priority areas for market analysis, planning the 
development of new green products and services, and making strategic decisions about ecological 
renovations (Dacko-Pikiewicz, 2019; Hakhverdyan et al., 2022; Kwilinski et al., 2023a; Korobets et al., 
2020). It also supports the formation of a green brand and the greening of overall company activities. 
Such forecasting serves as a foundation for strategic decision-making, ensuring that companies not 
only adapt to but also anticipate changes in market demands and environmental regulations, thereby 
securing a competitive edge in the increasingly green-focused global market (Vysochyna et al., 2022; 
Yermachenko et al., 2023).  

is study aims to forecast the green competitiveness of Ukrainian enterprises within the machine-
building, agriculture, and food industries, which are strategic sectors of Ukraine’s economy. e paper 
addresses a gap in the theoretical landscape of green competitiveness theory with a developed ap-
proach that employs the ARIMA model for forecasting green competitiveness.  

e paper has the following structure: the literature review section delves into existing research, 
exploring definitions, components, and previous models of green competitiveness, particularly focus-
ing on forecasting models used in sustainability. is section also identifies gaps in the current litera-
ture that this paper aims to address. e methodology section describes the research design and ap-
proach, detailing the data sources, analytical tools, and soware used for forecasting green competi-
tiveness; the research results section presents the findings, utilising various statistical displays such as 
tables and graphs to clarify the data; the discussion section explores how the results are interpreted in 
light of the reviewed literature, exploring how they connect with established theories and what impli-
cations they hold for businesses focusing on sustainability; and the conclusions section summarises 
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the key findings and their theoretical and practical implications, while recommendations for busi-
nesses and suggestions for future research areas are also provided, acknowledging the study’s limita-
tions. 

 
1. Literature review 

e analysis of publications indicates that scientists use many approaches and methods for model-
ling sustainable development processes, depending on various research tasks. e relevance of fore-
casting is confirmed by its sustainable implementation in the business practices of developed countries 
(Munim et al., 2022; Oh et al., 2023; Drożdż, 2019). Forecasting is one of the most essential approaches 
in regulating the economy, understanding development prospects, and making informed decisions in 
the USA. e review of scholars' latest scientific papers devoted to evaluating and forecasting indica-
tors of sustainable development and the functioning of the circular economy made it possible to dis-
tinguish the following key areas of research activity: forecasting the impact of digital technologies on 
the formation of the sustainable energy industry, assessing the impact of the smart grids and artificial 
intelligence using for the decarbonisation of the economy, and forecasting the dynamics of CO2 emis-
sions and the implementation of alternative energy technologies and approaches (Khalatur et al., 2022; 
Kolosok et al., 2022, Kwilinski et al., 2024). 

e authors (Bagherian et al., 2024; Makieła et al., 2023), using the DEMATEL approach and the 
MICMAC methodology, investigate the potential impact of digital technologies on the energy sus-
tainability of the European energy sector. Within the framework of the study, the future transfor-
mations of the energy market are analysed and the influence of smart production technologies on 
ensuring the energy sustainability of countries is predicted. Forecasting the demand and supply of 
electricity, J. -H. Syu et al., (2024) and Tkachenko et al. (2019) outline that greenhouse gas emissions 
are a problem for humanity, especially from the point of view of electricity consumption. To solve the 
problem, they propose developing a smart grid and implementing an artificial intelligence-based elec-
tricity management concept that includes forecasting, anomaly detection, management, and market 
equalisation. Hoxha et al., (2023) and Gavkalova et al., (2022b) analyse the functioning of the 
transport industry in the context of energy consumption.  Using the ensemble stacking machine learn-
ing method, the authors forecast the demand for energy resources in Turkey's transport industry. 
Hoxha et al., (2023) emphasises the importance of predicting fuel demand as a basis for ensuring the 
sustainable development of urban transport. Cui et al. (2023) highlights that long-term forecasting of 
the dynamics of carbon emissions is important for managing the national macro-economy and reduc-
ing environmental pollution. Implementing the SARIMA methodology allows clustering countries 
according to CO2 emission. Utkucan Şahin & Chen (2023) emphasise that forecasting greenhouse gas 
emissions plays an essential role in planning the development of the energy industry. Utkucan Şahin 
& Chen (2023) propose to apply the optimised fractional nonlinear grey Bernoulli model to study the 
impact of Covid-19 on CO2 emissions from fossil fuels in the USA. Utkucan Şahin & Chen (2023) 
concluded that COVID-19 caused CO2 emissions from coal, natural gas, oil and total CO2 to decrease 
by 2%, 2%, 16% and 12% respectively in 2020. Rossi & Candio (2023) concluded the importance of 
informing stakeholders about the company's activities and plans for implementing sustainable devel-
opment goals. Rossi & Candio (2023) note that the indicator of the environmental component has a 
positive effect on the forecast error, regardless of other controls, including social and managerial com-
ponents. Guo et al. (2023) note that forecasting CO2 emissions in regions is quite essential. Using the 
STIRPAT model, the authors predicted the trajectories of carbon emissions until 2060 in China's 
power, steel, cement, transport, coal, and chemical industries. e authors emphasise that the fore-
casting results form the basis for developing regional strategies for ensuring carbon neutrality. At the 
same time, the studies (Hossin et al.,  2023;  Oshodi, 2022; Williams, 2022; Ziabina et al., 2022) form 
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integrated political strategies analyses the perspectives of China and the world's access to energy, eval-
uates energy intensity, the prospects for the development of renewable energy, the volume of green-
house gas emissions, and private sector investments in the energy sector to achieve the goals of sus-
tainable development. Hossin et al. (2023) highlight that China is making significant progress in 
achieving the goals of the Paris Agreement, particularly in terms of access to clean solutions in house-
holds, private sector investment in energy, renewable energy production and energy efficiency. Ac-
cording to European Union directives, the scientists (Mitrică, 2023; Vysochyna et al., 2022b; Chygryn 
et al., 2022) notes that developing alternative energy sources in the transport sector is critical due to 
significant air pollution. e author predicts the economic feasibility of investing in specific sub-sec-
tors of the transport sector to reduce CO2 emissions and atmospheric pollution. At the same time, 
authors (Ang et al., 2023; Kiselicki et al., 2022; Kwilinski et al., 2023b; Szczepańska-Woszczyna et al., 
2023) point out that environmental, social and governance aspects play a significant role in imple-
menting sustainable development globally. Many transnational corporations use various types of rat-
ings, formed by specialised rating agencies, to assess the system of activity risks (Zhanibek et al., 2022; 
Ziabina et al., 2020; Wróblewski et al., 2021). However, the corresponding rating process is expensive 
and time-consuming. erefore, the authors emphasise the relevance of forecasting for researching 
dynamic relationships between companies and analysing financial and dynamic network information. 
us, the formation of strategies for ecologically oriented development of enterprises and strengthen-
ing their green competitive advantages necessitates the construction of scenarios for transforming 
green competitiveness. Despite the powerful scientific experience of using forecasting to solve the 
problems of sustainable development, there is no scientific toolkit for forecasting the indicator of green 
competitiveness. is research fills the scientific gap regarding forming business sector transformation 
scenarios by forecasting green competitiveness based on autoregressive integrated moving averages 
(the Box-Jenkins model). 

 
2. Methodology  

Based on previous research (Yang et al., 2021) that advocates the significance of developing com-
panies' green competitiveness as a dominant of sustainable development principles implementation, 
the present paper attempts to create scenarios for companies’ green competitiveness (CGC) transfor-
mation. e basis of the developed approach is the ARIMA autoregressive integrated modelling toolkit 
by the nonlinear least squares method. e ARIMA model (autoregressive integrated moving average 
or the Box-Jenkins model) is a more modern and convenient time series modelling technology that 
combines time series and elements of regression modelling in its structure. e specified modelling 
method is more relevant for forecasting socio-economic indicators in the long term (the time lag is 
one year) and evaluating the forecast values of green competitiveness. e ARIMA methodology mod-
els trends, cycles, seasonality, and other determinants that affect the determined indicator. It uses a 
three-stage approach involving the following iterations (Box et al., 1994): model identification, check-
ing the time series for stationarity, estimation of modelling parameters, diagnostic verification of ob-
tained simulation results, and construction of relevant scenarios. To eliminate heteroskedasticity (it is 
not allowed to evaluate the obtained parameters of the model and carry out the forecasting procedure), 
the initial series of values of the green competitiveness of enterprises is checked for stationarity. De-
termining the stationarity of several values of green competitiveness allows, at the first stage of fore-
casting, to present the general view of the appropriate ARIMA model for forecasting the green com-
petitive advantages of enterprises: 

 
𝑑(CGC)! = 𝛼 + 𝛽"𝑑(CGC)!#" +⋯+ 𝛽$𝑑(CGC)!#% + 𝛿! + 𝑛"𝛿!#" +⋯+ 𝑛&𝛿!#&   (1) 
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where 𝛼 – model constant; 𝛽",… , 𝛽$, 𝑛",… , 𝑛( – model parameters; 𝛿! …𝛿!#%  – white noise model; 
i – the order of the autoregressive part of the model; 𝜕 – moving average model order; d (CGC)t – the 
first difference in the CGC in the t-th period; Prob – probability; R-squared – determination coeffi-
cient. 

 
At the next stage, the parameters p and q in the ARIMA model are determined using the Akaike 

information criterion (𝐴𝐼𝐶) (Portet, 2020): 
 
𝐴𝐼𝐶	 = 	 ln(𝜎7)) + )(	$,(,")

.
         (2) 

where 𝜎7) – expected variance; p – order of autoregressive part of the model; q – moving average 
model order; n – number of observations. 

 
e object of investigation is Ukrainian companies (PJSC "Motor Sich", PJSC "Wimm-Bill-Dunn 

Ukraine", PJSC "SVF Agroton") within the machine-building, agriculture, and food industries. e 
timeframe for analysis is 2001–2019 years. e data for analysis was obtained from the open financial 
and non-financial reports of the selected companies, internal analytical data.  Indicators of green com-
petitiveness, as raw data for forecasting, were calculated in a previous study (Yang et al., 2021). e 
study applies EViews10 for calculation. e interval for foresight was chosen as 2020–2028 (aer 2028, 
the model is inadequate). 

 
3. Research results 

To eliminate heteroskedasticity, enterprises' initial series of green competitiveness values was 
checked for stationarity by using Akaike criterion.  Table 1 presents the empirical results of evaluating 
the ARIMA model with the minimum value of the Akaike criterion. 

 
Table 1. Empirical results of ARIMA estimation of the model with the minimum value of the Akaike 
criterion  

Companies Coefficient Prob R-squared 
PJSC "Motor Sich" 

𝛼 0.0321 0.002 0.46 𝑑(CGC)!#" -0.4086 0.059 
PJSC "Wimm-Bill-Dunn Ukraine" 

𝛼 0.0221 0.007 0.48 
𝑑(CGC)!#" -0.4776 0.051 

PJSC "SVF Agroton" 
𝛼 0.0075 0.044 

0.46 𝑑(CGC)!#/ 0.3701 0.028 
Source: calculated by authors 
  

e results of the calculations showed that during forecasting for the long-term period (2020–2028) 
under a realistic scenario, the highest level of green competitiveness will be: PrJSC "SVF Agrotron" 
(agro-industrial complex – 0.84); in PJSC "Wimm-Bill-Dann Ukraine" (food industry – 0.73); in PJSC 
"Motor Sich" (mechanical engineering – 0.74). According to an optimistic scenario, with long-term 
forecasting, the level of green competitiveness can even reach its maximum value of 1. eir leading 
positions in the respective industries explain high forecast levels of green competitiveness for the an-
alyzed enterprises. In particular, Agroton is the largest diversified vertically integrated agricultural 
producer in Eastern Ukraine. e main activity of the "Agroton" group of companies is cultivating, 
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processing, storing, and selling crops such as sunflower and wheat. In addition, the "Agroton" group 
of companies is engaged in animal husbandry and food production. e company uses an environ-
mentally friendly method of processing No-till, which involves a complete rejection of conventional 
ploughing. e essence of the technology is that the soil is covered with a layer of mulch, and natural 
processes enrich it, allowing it to recover naturally. is forms a flat surface, protects the soil from air 
and water erosion and weeds and creates valuable microflora. PJSC "Wimm-Bill-Dann Ukraine" is 
also a leader in terms of its products' quality and environmental friendliness. e company imple-
mented a quality and safety management system based on the international standard ISO 9001: 2008 
requirements and received a certificate for ISO 22000: 2005. e food safety management system was 
also certified to comply with the international standard ISO 22000:2005 requirements. Everything en-
sures high product quality and environmental safety of the production itself. 

Figures 1-3 present the foresight results for machine-building, food industry enterprises, and the 
agricultural sector. e forecasting results are given for three enterprise leaders in these industries. 
According to a realistic scenario, calculations prove that the forecast value of the integral level of green 
competitiveness for PJSC "Motor Sich" was 0.74. e pessimistic and optimistic trends in enterprises' 
green competitiveness dynamics indicate a large gap between them. 
 

 

Figure 1. Graphical interpretation of the forecast dynamics of changes in the integral level of green 
competitiveness of PJSC "Motor Sich." 
Source: created by authors 

 
However, even the integral level of green competitiveness under the pessimistic scenario exceeds 

the level of 0,55, which indicates that its value falls into the interval above the average, and the forecast 
value under the optimistic scenario will reach almost the maximum level of 0,95. Figure 2 presents the 
foresight results for the food industry enterprise PJSC "Wimm-Bill-Dann Ukraine" for 2020-2028. e 
results of the calculations prove that under a realistic scenario for the PJSC "Wimm-Bill-Dann 
Ukraine" enterprise, the forecast value of the integral level of green competitiveness was 0.73. In turn, 
implementing the pessimistic scenario will ensure an integral level of green competitiveness of at least 
0,50.  
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Figure 2. Graphical interpretation of the forecast dynamics of changes in the integral level of green 
competitiveness of Wimm-Bill-Dann Ukraine PJSC 
Source: created by authors 

 
At the same time, under the optimistic scenario for PJSC Wimm-Bill-Dann Ukraine, the maximum 

value of the integral level of green competitiveness will approach 1. Figure 3 presents the foresight 
results for the agro-industrial complex enterprise PJSC "SVF Agroton" for 2020-2028. 

 
Figure 3. Graphical interpretation of the forecast dynamics of changes in the integral level of green 
competitiveness of PJSC "SVF Agroton". 
Source: created by authors 

 
e calculations show that, under a realistic scenario, the forecast value of the integral level of green 

competitiveness for PJSC "SVF Agroton" was 0.84. is enterprise is a leader in terms of green com-
petitiveness. At the same time, under the pessimistic scenario, the level of green competitiveness in 
2028 will reach 0.68. Implementing the optimistic scenario will provide the maximum predictive value 
of green competitiveness at 0.98. 
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4. Discussion 
e long-term forecasting of the transformation of the level of green competitiveness was carried 

out using the ARIMA autoregressive integrated modelling toolkit by the nonlinear least squares 
method. e calculations made it possible to single out the leading enterprises according to the level 
of green competitiveness within the framework of an optimistic scenario, the implementation of which 
will ensure the maximum integrated level of green competitive advantages of enterprises. e result 
obtained in the paper doesn't contradict the relevant research in the forecasting of social and economic 
indicators in connection with environmental determinants. us, the paper (Liang et al., 2024) uses a 
combined forecasting model by integrating autoregressive integrated moving averages and reference 
vector regression models for forecasting carbon emissions at the city level. e authors conclude that 
the proposed approach ensures high efficiency of the forecasting process. To ensure the decarboniza-
tion of the economy, the authors (Verma et al., 2023) emphasize the importance of forecasting atmos-
pheric pollution by PM2.5 emissions in densely populated areas of cities. Using a combination of CAT-
ALYST, ARIMA and LSTM models gave the authors high performance in forecasting particulate mat-
ter pollution 2.5. However, researchers from China (Zou et al., 2024) use the ARIMA method to fore-
cast research trends in energy transformation and formalize relevant clusters of scientific publications. 
Scientists (Li & Zhang, 2023) emphasize that using statistical autoregressive integrated moving aver-
ages for forecasting the level of carbon dioxide emissions makes it possible to form strategic guidelines 
for climate change prevention. In particular, understanding the trajectory of CO2 emission changes 
will justify several environmental policy measures to reduce environmental pollution. In turn, the 
authors (Srivastava & Jha, 2023; Kwilinski, 2019) apply the methods of forecasting the generation rate 
of solid household waste, considering indicators of socio-economic development of the regions, to 
substantiate the prospective directions of waste management policy in India. e application of 
ARIMA and GM models for forecasting the scale of public consumption and the potential of ecosys-
tems allowed the authors (Liu et al., 2023) to formalize the ecological footprint and assess the sustain-
ability of ecosystems for planning the development needs of regions. 

Building green competitive advantages will increase the competitiveness of industries and supply 
chains, contributing to climate-efficient solutions and promoting green technologies (Tambovceva et 
al., 2017; Sannikova et al., 2023; Kwilinski et al., 2023c; Rajiani et al., 2020). e development of cli-
mate-neutral industries and the formation of their green competitive advantages should be ensured 
by several systemic strategic measures: implementation of reforms, regulatory acts and initiatives re-
lated to climate change and efficient use of resources, stimulation of green investments, and develop-
ment of energy saving; introduction of environmental standards and green labelling, transformation 
of the market in the direction of the development of efficient equipment, green technologies and eco-
logical construction; development of financing mechanisms, encouragement of green investments at 
the enterprise level, use of leasing, creation of energy service companies, etc. 
 
Conclusions 

Long-term forecasting of the transformation of enterprises' green competitiveness level involves 
using the ARIMA autoregressive integrated modelling toolkit by the nonlinear method of least 
squares. e evaluation results showed that the leading enterprises in the optimistic scenario are PJSC 
"SVF Agrotron" (agro-industrial complex) – 0.84; PJSC "Wimm-Bill-Dunn Ukraine" (food industry) 
– 0.73; PJSC "Motor Sich" (mechanical engineering) – 0.74. Implementation of the optimistic scenario 
will ensure the maximum integrated level of green competitive advantages for enterprises. It is sub-
stantiated that the priorities of the strategy for increasing the green competitiveness level and the rel-
evant determinants of its implementation should be determined considering the transformation sce-
narios of its level. is determined the need to improve the scientific and methodological basis for 
long-term forecasting of the green competitiveness level. Ensuring the green competitive positions of 
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modern enterprises involves the creation of ecologically oriented strategies for functioning in a com-
petitive environment and ensuring the improvement of production efficiency at the expense of eco-
nomic, environmental, marketing, social and corporate components of green competitiveness. 

To further enhance the green competitiveness of Ukrainian companies, it is imperative for policy-
makers to foster a supportive regulatory and financial environment that strongly incentivizes sustain-
able practices. Governmental policies that offer tax incentives, subsidies, or grants specifically de-
signed for investments in green technologies and sustainable practices are essential. Additionally, the 
establishment of clear sustainability standards and guidelines would assist industries in making a 
smooth transition toward greener operations. Training programs are also vital and should be devel-
oped to equip workers with the skills necessary for implementing and maintaining green technologies 
effectively. Moreover, collaborations between the government, research institutions, and private sec-
tors are crucial for driving innovation and development in sustainable technologies. By creating inno-
vation hubs or clusters focused on green technologies, there would be an enabled environment for 
knowledge sharing and co-development of new solutions that are tailored to the specific needs of 
Ukraine's strategic industries such as machine building, agriculture, and food production. ese hubs 
could serve as incubators for sustainable ideas and practices, providing a platform for start-ups and 
established companies to innovate and scale up green technologies. 

Additionally, enhancing public awareness and consumer education about the benefits of sustaina-
ble practices can further drive the market demand for green products, thus encouraging companies to 
adopt greener methods. e government could support this through public campaigns, educational 
programs, and incentives for consumers who choose environmentally friendly products. ese com-
prehensive policy measures and collaborative efforts would not only bolster the green competitiveness 
of Ukrainian enterprises but also significantly contribute to the broader national goal of sustainable 
economic development. ey would help create a robust ecosystem where economic growth and en-
vironmental sustainability go hand in hand, ensuring long-term prosperity and ecological balance. 

Despite the valuable findings this study has a few limitations which could be overcome in the fur-
ther investigations. us, future research could enhance our understanding of green competitiveness 
by integrating more flexible predictive models that employ machine learning to better handle nonlin-
ear relationships and interactions among multiple variables. Broadening the study to include a wider 
variety of industries and comparing green competitiveness across different economic contexts would 
also be insightful, helping to determine the generalizability of the findings and identify sector-specific 
challenges and opportunities. Further investigations could examine the specific impacts of various 
government policies on green competitiveness, analysing which incentives and support mechanisms 
are most effective in different contexts. Longitudinal studies would be particularly valuable, tracking 
changes in green competitiveness over time in response to technological and policy shis, offering a 
dynamic perspective on sustainable business practices. Additionally, qualitative research exploring the 
perceptions and experiences of business leaders and policymakers could provide deeper insights into 
the motivational factors and challenges influencing the adoption of green technologies and practices. 
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