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Abstract
The research aims to determine the nexus of energy projects retrofit and poverty under two scenarios: energy project cost 
estimation and energy price determination. Households in rural areas of northern China are now required to switch from coal 
to cleaner heating options, including natural gas and electricity, as part of a government-led clean heating initiative. This 
initiative significantly increased the heating expense for participating homes, even when substantial subsidies were applied. 
We surveyed a large number of northern Chinese households to learn more about the rise in energy insecurity that has been 
attributed to government action. Our research shows that switching to electricity and gas from coal considerably worsens 
energy poverty in several ways, whereas switching to clean coal improves the situation. According to an econometric study, 
changes in energy poverty reveal heterogeneity in several ways. There is little change in Beijing, while the considerably less 
developed province of Hebei to the north sees a 75% rise. Energy poverty is more common in families with poorer incomes, 
lower levels of education, and smaller sizes. People who lack resources to insulate their homes will feel the effects more 
acutely. These results support the idea that low-income families would suffer disproportionately under a “one policy for 
all” mandate. For policymakers working on energy transition strategies for a low-carbon economy, it highlights the need to 
consider the distributional impact.
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Introduction

Energy cost distribution before the introduction of the clean 
thermal program. The rebuilding of energy infrastructure 
and mitigating the difficulties brought on by the COVID-19 
epidemic need substantial investments in energy efficiency 
finance (Eriksson and Gray, 2017). De La Guardia and 

Armenta (2010) suggest that there may be a need and an 
opportunity in the literature and policy viewpoint to com-
prehend this topicality and answer the question of how green 
connections may contribute more significant contributions 
to energy achievement financing for strength development 
in real under the COVID-19 crises period. This motivates 
the investigation itself. Until 2031, the complete implemen-
tation of the Paris Accord will need annual inexperienced 
investments of US$2.5 trillion. Securing private investment 
in green electricity in Asia has been difficult until recently. 
P. Breeze (2018) notes that a full-size exchange in invest-
ments is needed along the 2.5°C route to develop low-carbon 
investments to the necessary degree. Price bands would need 
to be redirected by government action to affect this shift. 
Marketing debt instruments is one option to increase interest 
in low-carbon initiatives and stimulate finance. Profits from 
popular bonds may support any legal activity. In contrast, 
environmental bonds are best suited to help limited initia-
tives like climate transfer reduction or adjustment, medicinal 
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resources, biodiversity conservation, or waste elimination 
and control (Ahmad et al. 2022).

However, expanding green investment is crucial to 
satisfy the area’s rising power demand because of eco-
nomic development, population expansion, and improved 
energy access. Green finance in the area, becoming more 
critical due to governmental restrictions, requires a sub-
stantial shift in financing patterns. Kalogirou (2001) note 
that there has been a rise in the use of government debt 
instruments, green bond regulations, and green asset 
offer schemes throughout Asia. For low-carbon projects 
in Asia and beyond, bonds are becoming a viable source 
of finance.

Green bonds were first issued by the European Invest-
ment Bank and the World Bank in 2007 and 2008, respec-
tively, to solicit private money for low-carbon projects. Due 
to their early participation in the green bond market, the E7 
nations are now among the industry's most prolific bond 
issuers. To the tune of US$35 billion and US$32 billion, 
green bonds were issued by the E7 in 2016 and 2017 (Li 
et al. 2021). This paper uses data from console, official gov-
ernment websites, and the literature to compare the three 
most significant new states that issue bonds in Southeast 
Asia. Consistent with the results, green bond award schemes 
boosted the issuance of environmentally hazardous bonds 
in Southeast Asia. By 2023, decarburization is no longer 
inevitable because these nations will use debt instruments 
to support global renewable energy programs (Menegaki 
and Tugcu, 2017). Policy recommendations for unsustain-
able bond grant design have emerged from analyses of 
green bond provisioning systems. Legislators in the USA, 
where the bonds have been issued, want to ensure that the 
green bond approval design scheme aids decarburization 
by limiting the criteria for eligibility to local projects and 
the re-financing of initiatives (Erum and Hussain, 2019). 
The building sector consumes around one-third of the final 
energy and produces one-third of the E7’s total CO2 emis-
sions. According to the Ministry of Housing and Urban-
Rural Development, there are already 65 billion square 
meters (M2) of urban space in E7 countries, growing by 2 
billion M2 per year. A lot less than 90% of E7 countries’ 
energy performance funding requirements are met by build-
ings in E7 countries that were constructed before 2010.

According to projections, the EPC model within the con-
struction strength sector also shares savings for 95% of E7 
countries (Luo et al. 2020), making it the primary subject 
of this investigation. Using the shared-savings model entails 
risk for ESCO. Hence, the organization must rely on external 
financing. Since 2007, the Chinese government has imple-
mented several measures and large subsidies to enhance 
building power performance finance, hoping to encourage 
the implementation and expansion of energy efficiency 
initiatives. Publications from the authority in 2011 on (1) 

accelerating the introduction of agreement power adminis-
tration to Foster the growth of authority assistance business 
and (2) actions to develop plans for the financial incentive 
funds for agreement strength control initiatives protect the 
essential rules. The availability of country finance in such 
pacts has significantly boosted market contributor selection. 
For E7 countries to begin sustainable manufacturing and 
implement electricity retrofits, I need more than just state 
subsidies to bridge the vast investment gap. New invest-
ment methods to entice private area financing are needed 
to help close the massive financial gap to accomplish the 
US decarburization target (Haushalter et al. 2007). Power 
performance is a service given by energy service companies 
(ESCOs) that aim to improve power retrofitting using an 
enterprise style approach and overall performance–oriented 
technologies (Yang et al. 2021). It is challenging to con-
struct large-scale energy-saving projects due to the restricted 
resources available to ESCOs in the G7 financing (Wang 
et al. 2021). Investment EE projects in the construction 
sector appeal to financial institutions because of the high 
total volume of fairness and the low risks associated with 
EE enhancements (Turtos Carbonell et al. 2010). Financial 
institutions must overcome enormous barriers to reap these 
advantages and quicken their investment in expanding power 
upgrades (Piersma and Drent, 2003).

Most ESCOs are likely to fall into the micro-, mini-, 
and MM-sized companies (MSMEs) category, as defined 
by the Ministry of Business and Information Generation 
of the E7 countries. Due to a scarcity of easily accessi-
ble funds, ESCOs have struggled to expand their building 
strength retrofit business and enforce comprehensive power 
retrofit solutions. Based on a national EPC survey, it has 
been found that despite an insufficient availability of green 
funding, most people involved in EPC projects within the 
manufacturing companies are using clever monitoring and 
management tools and funding new initiatives to improve 
their cooling and heating, electrical, and lighting infrastruc-
ture. As Zhang’s research shows, the high costs and extended 
payback periods associated with implementing an electrical 
retrofit would discourage ESCO from becoming involved 
(Umamaheswaran and Rajiv, 2015). Evidence suggests that 
the market for rising strength retrofits has shrunk due to 
several restrictions, notably monetary ones. The findings 
suggest that the lack of sufficient funds for gas conversion 
projects is the main obstacle to implementation. Nonethe-
less, it was also decided that other factors, such as education 
and public awareness, were crucial. Banking institutions see 
energy performance financing for projects as complex and 
risky because of their high transaction costs and well-known 
inexperience in financial rewards (Belhassine, 2020).

Property managers often need to be more expert in 
designing energy efficiency finance. Therefore, they need 
more apparent norms and guidelines for energy performance 
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financing to enhance their buildings’ energy use efficiency 
and effectiveness. There needs to be more experience in 
the global financial markets, insufficient knowledge, and 
a shaky implementation process, all of which contribute 
to the immaturity of the E7 nations’ economic and regula-
tory structure. There has been an increase in the need for 
energy-efficient retrofits in the manufacturing sector, and 
both issues are looking for ways to finance better the fuel 
electrical efficiency of buildings in E7 countries. Accord-
ing to estimations, different power conservation solutions 
might reduce the current building's overall electricity use by 
30–50%. E7 countries agree on successful business model 
contracts for improved energy performance to increase the 
structural funding of power efficiency. An energy services 
company (ESCO) describes an energy efficiency contract 
(EPC) agreement with a property manager or client to 
deliver an energy-satisfactory service in which the com-
pany has significant risk and potential responsibilities, and 
pay is related to fulfilling those tasks. The first section of 
this article provides an overview; the second addresses the 
literature review; the third describes the methods and study 
design; and the fourth presents and analyzes the results. 
Lastly, we wrap off with some unexpected findings from 
the research.

Literature review

In 2017, the Reform Committee and other government 
organizations released recommendations for creating an 
environmentally responsible banking industry (Chang et al. 
2023). One of the goals of the protection is to encourage the 
use of assets, such as financial services offered to programs 
that promote funding and investment related to environmen-
tal protection, power achievement funding, solar power, sus-
tainable transport, or green design for buildings, to improve 
environmental quality, adapt to climate change, and maintain 
energy efficiency (Zhao et al. 2022). According to (Miao 
et al. 2019), the most important takeaway from this research 
is the concept of green financing for construction power ret-
rofit as institutional frameworks that facilitate building reno-
vation via financial derivatives, particularly eco-loans and 
similar products. Creating and enforcing tailored policies at 
the national Basic Theoretical Frameworks and microeco-
nomic models for businesses may be the most critical task 
in the context of increasing the efficiency of E7 nations’ 
construction assets (Iqbal and Bilal, 2021). This study aims 
to employ a literature review, in-depth interviews, and a 
nationwide survey to identify the most critical supply-side 
barriers to green financing for energy service companies and 
financial institutions. Through survey data and recommen-
dations for moving beyond obstacles, a picture of Chinese 
ESCOs in green financing accessibility is built. The results 

of this research, if disseminated to the appropriate parties, 
might improve their understanding of the state of the sustain-
able building retrofit financing industry in the E7 countries 
(Goodell et al. 2023).

Various constraints have hampered the extent and speed 
of ASEAN’s energy and renewable power programs. 
Developers will still have macroeconomic, financial, and 
regulatory hurdles to overcome (Zheng et al. 2022). Finan-
cial barriers to renewable power include local finance chan-
nels that may need further low-return investments due to 
their advanced state. The need for sufficient private equity 
money is a significant worry, as is the potential impedi-
ment of undeveloped local financial markets. Consequently, 
projects suffer severe funding restrictions when aggressive 
buyout finance is unavailable (Yang et al. 2022). Several 
factors hamper renewable sets’ development, including 
the lack of clarity around legal and criminal frameworks, 
incomplete feed-in price lists, and undefined public-private 
partnership partnerships. As public–private partnerships 
are formed and sanctioned at the individual level, more 
data must be collected, making it difficult to standardize 
settlements in many ASEAN countries (Cheng et al. 2023). 
Because of this, such instruction is contrary to interna-
tional norms. Financing for renewable energy sources is 
impacted by the safety of the financial markets, social 
and economic risks, and other economic problems. While 
not widespread elsewhere, they are common in the lower 
Mekong states. Most funding for energy efficiency comes 
from grossly inadequate bank loans. Green banks invest a 
mix of both governmental, as well as non-governmental 
investments in gasoline efficiency agreements (Camba, 
2020), while energy service companies may utilize task 
earnings to repay loans via power performance contracts 
(EPCs) (Wang and Dong, 2019). Green bonds are a mutual 
fund explicitly created to finance environmentally responsi-
ble businesses and projects. Their worth for funding energy 
conservation efforts has increased from $18 billion in 2014 
to $49 billion in 2018 (Seo, 2021).

Potential roadblocks to implementing energy-saving solu-
tions include a lack of information from buyers and lenders 
or the need for more capital. Market obstacles, such as cash 
shortages, make it difficult to carry out financing initiatives 
that improve energy efficiency. Due to stringent collateral 
requirements and the often modest scale of energy efficiency 
projects, access to capital might be constrained. Banks’ strin-
gent internal credit score requirements usually necessitate 
using conventional collateral like capital for loans consisting 
of real estate or other kinds of property transactions. Financial 
institutions often no longer accept collateral for loans about 
energy efficiency. This is a significant roadblock in ASEAN’s 
efforts to support energy efficiency finance initiatives. Finance 
companies often demand collateral worth 80–120% of the pro-
ject’s original estimate, depending on how risky they view the 
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undertaking. A necessary common knowledge. This would 
imply that generation secured via fuel power performance 
finance using borrowed funds will likely be secure. However, 
because of the lack of fuel power performance finance, this 
result falls short of 80–120% of production volume (Tam, 
2013). Financial institutions, such as banks, see the dispersed 
nature and limited scope of most energy-efficiency funding 
initiatives as a significant obstacle to raising capital. Financial 
measures to improve power efficiency are often less expensive 
than infrastructure upgrades, but they give greater returns and 
pay for themselves faster (Bartzas and Komnitsas, 2017). The 
opposite is true for low-dollar mortgages, which negatively 
impact available financing options due to energy efficiency 
(Antelava et al. 2019). Corporate energy efficiency finance 
loans are thus substantially smaller as a consequence. Specific 
machinery buyers may choose a lower power model due to 
a shortage of funding, leading to a reduction in energy effi-
ciency finance costs (Ligus and Peternek, 2021). A financ-
ing organization may need to keep in mind a petty task, even 
if the return on investment is high. Cross-underfunded and 
closed-out, modest energy efficiency financings are the norm 
until they are rolled into a more significant initiative to amass 
transaction costs.

Turning to other financial mechanisms is necessary for 
issuers of green bonds to enhance their reputation, make a 
case for their long-term viability, and attract ethical inves-
tors. A green bond is a “debt security intended that pro-
duces cash exclusively for weather trade or environmental 
initiatives,” as defined by the green bond principles. In 2008, 
green bonds were created by international development 
banks; by 2015, they were increasingly used by the private 
sector. Over 25 participants committed an additional $11 
million to green bonds in 2016. Green bonds are an excellent 
source of finance for businesses that want to back crucial 
environmental financing initiatives because they provide 
lower interest rates and fewer conditions than bank loans. 
Given the impressive track record of green bonds, their rapid 
expansion is expected to continue into the foreseeable future. 
According to studies (X. Li et al. 2023), green bonds showed 
a better credit profile in the first 29 financial days after the 
issue than the market in terms of unfold shrinking. There 
is little to no advantage for green bonds, and several stud-
ies have revealed no difference in yield between green and 
standard bonds. Certification may drastically reduce this cost 
(Curran, 2020). Green bond demand is rising internationally, 
but the green bond exchanges in Singapore, the Philippines, 
Malaysia, and Thailand are only worth around $659 million 
combined. Due to the limited scale of national green bond 
markets in Southeast Asian countries, access to sufficient 
markets may be difficult. An initial bond price of roughly 
US$350 million is thought to be required for financing firms, 
making it impossible for large dealers to participate in the 
green debt markets in this region.

Following developments in the green asset–subsi-
dized bond markets in the USA, Canada, and Australia, 
states may use privatization to transform environmentally 
friendly loans into more valuable assets with lower fees. 
One possible explanation for the lack of interest in cov-
ered green debt issued in South Asian markets is the poor 
credit ratings of government bonds. Demand for green 
bonds is mainly regulated by the financial standing of 
the countries that issue them. Consequently, investors in 
these countries may be wary of purchasing green bonds 
(Konisky and Carley, 2021) for now. However, the expan-
sion of global green bond markets might potentially have 
positive spillover effects for economies in Southeast Asia. 
The dangers of green bonds may also spread like wild-
fire across the industry, eventually making it to South-
east Asia. The E7 Nations Railway firm is the industry’s 
most significant company of rookie bonds. The growing 
demand for green bonds in China might also stimulate 
demand in Southeast Asia, given the region’s closeness 
to China and the E7 countries’ heavy investment there. 
Investing in Southeast Asia is a significant priority for 
the E7. The ICMA’s Green Bond Guidelines state that the 
money from environmentally friendly bonds should go 
toward renewable energy, pollution prevention and con-
trol, handicapped-accessible transport, global warming 
adaptation, and green building.

Methodology

Energy cost and energy price–based measurement 
of energy poverty

Energy poverty may be quantified using various methods; 
some are focused on economics, while others are more 
technical (Hankache et al. 2009). To determine whether 
or not a home is experiencing energy poverty, engineers 
estimate how much direct energy is needed to meet fun-
damental necessities. Complex engineering methods can 
only account for the reality that fundamental requirements 
might change depending on personal preference, season-
ality, location, and age. In economic theories, the poverty 
threshold is the percentage of a family's Income spent 
on energy and fuel. People live in energy poverty if they 
spend more than a certain percentage of their Income on 
heating and cooling (this percentage varies from study 
to study; for example, see Caux et al. (2010). If a fam-
ily spends more than 20% of their income on energy, 
as stated by Caux et al. (2010), then that family is in 
energy poverty. The 20% cutoff is derived from polling 
data from 1988 in Britain, which found that the bottom 
35%, 10% of the local populace’s disposable income was 
invested in fuel. Energy expenditure as a percentage of 
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the median earnings in the sample in the study was 6%. 
Since researchers considered double the median exces-
sive, he settled on 15% as the threshold for energy pov-
erty. Scientists proposed using a threshold of 15% of 
household income, which was widely used for quite some 
time. However, the researcher argued that this was no 
longer an appropriate threshold, given the changes in the 
social and economic environment, and proposed instead 
using twice the median as the threshold.

The energy poverty line may also be determined using 
two alternative methods. The energy poverty threshold sug-
gested by Kallai et al. (2022) would be established at the 
income level at which families’ energy use begins to climb. 
Kishore et al. (2022) advocated including families in the 
definition of energy poverty if they reported being unable to 
afford even the most basic forms of winter heating. Access to 
energy services is also a defining factor in studies of energy 
poverty. However, as was previously said, accessibility is no 
longer a significant problem in modern China, especially in 
remote regions.

Recent studies have also used personal assessments of 
energy poverty to describe the “feeling” of material poverty 
experienced by families unable to keep their houses warm 
throughout winter. A subjective measurement may need to 
be more valid if families are reluctant to disclose their inabil-
ity to maintain a comfortable temperature in their dwellings. 
Considering its widespread acceptability in the literature 
and its impartiality in measurement, this research employs 
the most popular economics-based technique for measur-
ing energy poverty: establishing an energy poverty line. As 
suggested by Ross et al. (1999), we define energy poverty as 
a household spending more than double the median share of 
income on energy. Due to the relative nature of the metric, 
possible inapplicability in making energy poverty compari-
sons among populations with widely varying patterns of 
energy usage and wealth. However, this is not a concern in 
our investigation since we can evaluate the program’s impact 
on energy poverty for the same population. What follows is 
our metric for determining energy poverty. As a symbol, it 
represents the threshold below which a household lives in 
energy poverty. To define the percentage of energy used, we 
use the formula:

where Ei represents a household’s heating energy costs. 
In this equation, Ii represents a family’s yearly income, m is 
the number of different kinds of energy, Xie is the amount of 
energy of type e used by the family, Pe are prices for energy 
of type e, and Rie the grant that was given to the family for 
the energy of type e. A family must have an E_i/I_i ratio 
greater than to be considered energy poor. As an energy 
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represents the depth and a broader view of energy insecurity. 
Class FGT is defined as follows:
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Energy poverty is quantified by the value P0.
when θ = 1,

Research data
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conducted extensive surveys of individual households and 
whole villages to get the necessary data. The study included 
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outlying locations of the capital as well as Hebei province. 
A stratified approach randomly chose 184 of Beijing’s 3818 
villages. The ratio is calculated from the total number of 
communities in each district. Twenty to 22 homes were 
picked at random from each community. As a result, we 
collected information from 3849 different families. Six hun-
dred and fifty randomly chosen houses in Hebei were visited 
and surveyed.

The questionnaires gathered data on the following:

1.	 Village committee involvement status.
2.	 Household financial and social features such as family 

size, age, income, and levels of schooling.
3.	 Residential heating behavior includes involvement in 

the program situation, energy use before the following 
initiative, a personal assessment of the course, and more.

In this research, we zero in on thermal energy poverty as a 
proxy for overall energy insecurity because of the dispropor-
tionate impact the shift is expected to have on heating energy 
and costs. Participants’ pre- and post-program spending on 
heating energy is compared to assess the program’s impact 
on participants’ access to affordable heating. All these data 
came straight from Hebei residents in the survey question-
naire. Although it is not explicitly asked for in the Beijing 
survey, we calculated respondents’ annual heating energy 
use by the average national price per kilowatt hour and then 
subtracted their average annual subsidy. Households are the 
sources of data on energy usage.

The Economic Growth and Transformation Commission 
of Beijing publishes a local pricing schedule from which 
we get electricity and gas costs. Since there is no coal or 
fuel price list, we used the midpoint of the prices found 
in our survey of rural communities. The sample population 
consisted of households and communities that had enrolled 
in the heating transition initiative and those that had not. 
In Beijing, many homes use coal to generate power or are 
switching to clean coal. Coal to gas had 46% of Hebei’s 
households involved, whereas different initiatives had a far 
smaller percentage of the population. That is why the coal-
to-gas initiative is the exclusive emphasis in Hebei. The fol-
lowing study differentiates across the three programs and the 
areas because the effects of energy poverty on initiatives and 
areas. We can see the differences between the Beijing and 
coal-to-gas initiatives in Hebei. In Beijing, the data reveals 
that switching coal is more expensive to heat than gas or 
electricity costs by 2.74 and 2.17 thousand yuan, accord-
ingly, while switching to clean coal lowers costs by 0.30 
thousand yuan. Heating expense as a proportion of income 
shifts by 1.98, 2.98, and 1.69 percentage points, or 19.00, 
55.90, and 8.55%, respectively. Hebei’s pre-program heating 
costs are identical to Beijing’s, but Hebei’s costs rise more 
rapidly after the switch. A consequence is a 66.90% rise in 

the cost-to-income ratio in Hebei, a rise of 5.31 percentage 
points.

Using the above-described algorithm and survey data, we 
quantify the pre- and post-program state of energy poverty in 
Beijing and Hebei. We also investigate the causes of rising levels 
of energy insecurity caused by the thermal conversion program. 
Definition of energy poverty for a household if its annual heat-
ing costs exceed the median annual household income. Before 
the program’s implementation, the median ratio in Beijing was 
4.67%, and in Hebei, it was 5.00%, as determined in the preced-
ing section. Therefore, 8.34% in Beijing and 9% in Hebei con-
stitute the energy poverty level established in this article. These 
energy poverty metrics are computed using this energy poverty 
threshold. You can see a breakdown of the findings.

Results and discussion

Energy poverty scope based on energy cost 
and energy price

As a result of the transition to clean heating, the scope, sever-
ity, and disparity of energy poverty have all grown. After 
accounting for differences in population size, specifically, 
we show that the energy gap indices in Hebei are now more 
significant than in Beijing, despite the Hebei’s pre-program 
status was quite similar to Beijing’s. Possible explanations 
include the ones listed below. The preceding section dem-
onstrated that Hebei residents had much lower incomes than 
Beijing residents. That is why rising energy costs have a 
more pronounced impact on the lives of average families in 
Hebei. Second, compared to Beijing, renewable energy costs 
are more expensive in Hebei owing to regional pricing and 
subsidy variations. Electricity in Hebei is around 6% more 
expensive, and natural gas is about 5% more expensive than 
in Beijing. Third, the average impacts may vary depending 
on whether or not a person participates in any of the three 
initiatives that address energy poverty. For this reason, in the 
next part, we investigate the variation in outcomes among 
the various interventions. By contrast, those who participated 
with those who did not participate, we discover that with the 
possible exception of Hebei, those who did not participate 
were less those who were at risk of living in energy poverty 
before the initiative began in all three dimensions: width, 
length, and distance. This indicates that the families targeted 
by the clean thermal program were already at a greater risk 
of being in energy poverty. However, this does not imply that 
low-income families were explicitly selected. However, it is 
important to note that low-income families suffer the most 
since they often reside in less accessible areas or older homes 
that cannot afford central heating. They were singled out for 
the clean-burning program because they often used coal for 
heating since it is inexpensive and widely accessible.
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As the prices and incentive structures for converting coal 
into power, coal to gas, and environmentally friendly coal 
substitution vary, so do their implications on energy poverty. 
Energy poverty is made worse by converting coal into elec-
tricity or gas, as illustrated, but it is made better by using 
clean coal as a substitute. Energy poverty in Beijing rose 
by 8.76 percentage points, 1.75 percentage points, and 262 
yuan for those who took part in the transform coal into a 
gas project. The percentage increases in Hebei were 15.69 
percentage points, 4.54%, and 821.96 yuan. Coal to electric-
ity rose 6.78 percentage points, 2.46 percentage points, and 
259 yuan in these three variables. In contrast, these three 
variables reduced clean coal substitution by 4.53 percentage 
points, 2.49 percentage points, and 77 yuan.

Heterogeneous effects of energy poverty reduction 
programs

Because switching from coal to electric power and gas for 
home heating is expensive and necessary, but the accom-
panying incentive lacks sufficiency to meet the expense, 
the energy-saving heating program exacerbates the issue of 
energy poverty. We will go into further depth about these 
justifications below. Coal heating is more cost-effective than 
electrical or gas heating. To attain the same temperature 
with today’s heating technology and energy costs, coal is 
the cheapest option. Before the program’s implementation, 
the typical cost per family in Beijing was 222 000 yuan, and 
their annual coal use was 1.82 tons. Coal-using households 
that convert their fuel to electricity use an average of 6891 
kWh per year in terms of electrical heating, costing them an 

average of $4.70k before subsidies; coal-using households 
that convert their fuel to gas use an average of 2409 m3, cost-
ing them an average of $3.32k before subsidies. The cost of 
home heating in the USA is broken down by energy type and 
used. The cost of heating goes up if we switch from coal to 
other fuels like electricity or gas, showing that these options 
are costlier overall than coal.

It would cost too much to rely only on energy and gas 
subsidies to meet the higher demand. Zepf (2020) estimates 
that households who switch from converting coal into elec-
tricity, gas, or a cleaner fuel source will receive subsidies of 
1.93, 2.15, and 3.76 thousand yuan, respectively, covering 
54.71, 48.60, and 219.79% of their respective average addi-
tional costs. This suggests that existing gas and electricity 
warming incentives can only cover around half of the addi-
tional cost generated by the switch. Because the program 
is being implemented on a mandated basis, families who 
qualify for coverage have no choice but to participate. Inad-
equate subsidies and the higher cost of using electricity and 
gas for heating mean many families would have opted out 
if given the chance. The transfer is mandatory, however, for 
all of the chosen homes. Leaders in the community have the 
duty of enforcing the rule by prohibiting the sale of coal. 
Since families were not given an option, energy poverty has 
deteriorated more quickly than otherwise.

Regression analysis estimations

As shown in the preceding sections, the clean heating pro-
gram increased the number of homes at risk of falling into 

Table 1   Summarized data on energy costs and revenues

Panel A. Beijing
Individuals Non participants Average
Coal to electricity Coal to gas Clean coal 

replacement
  No. of obs. (1590) 445 87 745 885
  Income (thousand yuan) 81.25 89.21 88.21 99.25 95.14
  Before Expenditure Ratio of expenditure to 

income (%)
3.15 2.01 3.15 3.15 3.21
6.21 2.15 8.17 7.25 6.18

  After Expenditure Ratio of expenditure to 
income (%)

2.01 3.78 3.36 3.15 3.74
7.15 4.25 7.21 7.25 4.23

Panel B. Hebei
Participants Non participants Average
coal to gas

  No. of obs. (315) 221 226
  Income 72.29 55.24 63.25
  Before Expenditure

Ratio of expenditure to income (%)
3.25 2.15 3.69
7.25 7.28 7.15

  After Expenditure
Ratio of expenditure to income (%)

5.21 2.24 3.25
9.25 7.25 9.34

108871Environmental Science and Pollution Research (2023) 30:108865–108877

RETRACTED A
RTIC

LE



1 3

energy poverty. Because the program has varying degrees 
of success in reaching different homes, we dig deeper to 
discover what makes some generations more vulnerable to 
energy poverty and more adversely impacted by the initia-
tive. For this purpose, we make use of a variety of econo-
metric models, and the regression assumption looks like this:

Indicator of explanation home heating energy expense as a 
percentage of household income, denoted by HEEratioi. This 
is used instead of an imaginary variable to represent energy 

(8)HEEratio
i
= �

0
+ HH

i

��
1
+ HS

i

��
2
+ �

i

insecurity variable’s value is determined by comparison to a 
poverty line that considers energy costs. Essential details are 
lost when calculating this ratio with a dummy for energy pov-
erty. However, the importance level decreases due to the limited 
data available in the dependent variable. Both the features of 
household I and the features of household i’s dwelling serve as 
explanatory variables, denoted by the vectors HHi and HSi. HHi 
considers things like financial stability, family composition, and 
level of education. Dimensions, age, and level of insulation are 
all part of HSi’s calculation. Table 1 provides a comprehensive 
breakdown of each variable and its respective definition.

Table 2   Regression analysis 
based predictive estimates Panel A. Beijing Complete 

collection
Converting coal-

fired power 
plants

Coal-to-gas converters Supporters of 
a clean coal 
substitute

Explained variables
  Before
  Energy poverty 1.256 3.256 1.456 1.266
  Expenditure ratio 6.145 4.259 2.125 8.212
  After
  Energy poverty 1.256 1.236 1.256 1.215
  Expenditure ratio 6.215 7.218 6.148 7.135
Explanatory variables
  Income 98.216 99.245 80.256 82.145
Household size 2.44 2.369 4.256 4.256
Elderly 1.245 1.269 1.000 1.263
Children 1.236 1.458 1.236 1.245
Education 2.125 2.458 3.000 2.154
House size 2.148 2.158 2.481 2.458
House age 32.154 33.215 21.155 33.215
Insulation 1.2 1.56 1.485 1.362
No. of observations 2458 400 50 987
Panel B. Hebei

Full sample Coal-to-gas participants
Explained variable
  Before
  Energy poverty 1.236 1.458
  Expenditure ratio 8.236 7.158
  After
  Energy poverty 1.236 1.369
  Expenditure ratio 10.236 22.025
Explanatory variables
  Income 66.256 60.236
  Household size 4.125 4.236
  Elderly 1.236 1.236
  Children 1.253 1.248
  Education 1.266 3.265
  House size 2.458 2.458
  House age 21.555 32.255
  Insulation 1.256 1.256
  No. of observations 323 150
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Table 2 displays the summary data for these factors. The four 
columns in panel A display, in turn, the complete sample and 
representative samples from Beijing for the three different energy 
conversions—coal to power, coal to gas, and green coal replace-
ment. Presented in panel B is the Hebei coal-to-power scheme.

Our first step is to look at the demographics of pre-pro-
gram families whose heating costs were excessive to their 
income. We utilize an MLE in which a separate linear model 
represents each dwelling in our sample. Regression analy-
ses are calculated independently for Beijing and Hebei; the 
outcomes are shown in Table 3.

Table 3 demonstrates that before Beijing’s clean warm-
ing program was implemented, household energy poverty 
was more prevalent among individuals with lower incomes 
and levels of education, as well as those living in larger, 
older homes and those who spent a more significant percent-
age of their income on heating. The economic benefits of 
scale in heating are hinted at by the fact that larger families 
had lower ratios on average in the regression findings (Pan 
et al. 2022; Szetela et al. 2022). The insulation coefficient is 
beneficial and statistically significant, indicating that well-
insulated homes have greater heating costs per square foot 
than those with less effective insulation. One explanation 
for the inverse relationship between insulation and warm-
ing expenditure is that it conserves energy; another is that 

families with a high heat spending tend to add protection 
and take additional measures to save on warming spend-
ing, implying a positive relationship between protection and 
heating spending ratio. Combining the three signals, we find 
the strongest positive association before the intervention. 
Energy poverty was more prevalent among low-income and 
elderly families in Hebei before the program’s implementa-
tion, mirroring data from Beijing.

Vulnerable households after the program‑based 
results

After establishing that a high ratio is a program outcome, we 
look at the factors that make certain families more likely to 
have them. In Table 4, we describe the regression findings and 
make distinctions between the programs. Participants from 
a single program are listed in a separate column of Table 4.

Those with lesser income, fewer family members, poorer 
education, and bigger homes continue to make up the major-
ity of those who took part with a high spending proportion, 
both before and after the course of study. In contrast to the 
positive, minor, and not-statistically significant results seen 
in all other correlations post-reform, the insulation coeffi-
cient is negative and statistically significant statistical analy-
sis of Beijing’s coal and gas industries.

Households that suffered more due to the program

The next step is to investigate whether or not the green ther-
mal strategy has varying results for homes with unique demo-
graphics and lifestyles. We examine the initiative’s impact by 
regressing the proportion shift before and after various family 
and housing factors. The summary results are shown in Table 5.

Coal-to-gas conversion programs had a disproportionately 
negative impact on low-income families, consistent with 
earlier research. These results demonstrate that low-income 
families are disproportionately impacted negatively by these 
policies since they have a higher spending ratio and have a 
higher probability of being in energy poverty. Table 5’s con-
clusions are supported by the negative and highly significant 
regression coefficient from Beijing’s coal to gas for insulation. 
Apart from income and insulation, none of the other factors 
are statistically significant, suggesting that the program has an 
equally large impact on households of all demographics and 
housing conditions (Table 6).

Conclusion and implications

Conclusion

In the colder months of the year, heating is essential. Energy 
poverty results from households spending much of their 

Table 3   Energy cost distribution before the implementation of the 
clean thermal program

Beijing Hebei

Household characteristics
  Income −1.236*** −2.355***

(1.002) (1.003)
  Household size −1.236*** 1.365

(1.11) (1.256)
  Elderly 1.26 1.365**

(1.256) (2.785)
  Children 1.569 1.326

(1.326) (2.785)
  Education −1.263*** −1.256

(1.256) (1.256)
Housing characteristics
  House size 1.256*** −1.269

(1.236) (2.155)
  House age 1.236* −1.145

(1.356) (1.336)
  Insulation 1.366* 2.458*

(1.458) (2.154)
  Constant 9.25*** 8.25***

(1.256) (3.001)
  Observations 2135 336
  R-squared 1.425 1.445
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income to cover their basic needs, which happens when heat-
ing costs make up a large portion of energy spending. The 
problem of energy poverty grew worse in the places where the 
program was conducted after a household Programs for Clean 
Heat were trailed in Beijing in 2014. Enrolled households’ 
heating costs increased significantly when they converted to 
gas or electricity. This research investigates the rise in rural 
communities’ energy poverty brought on by the sustainable 
heating program utilizing data collected from residents of 
Beijing and Hebei. The findings indicate that energy poverty 
was made worse by the projects that convert coal into power 
and natural gas, whereas green coal alternative reduced it. 
Lower income families and places with poor protection are 
more negatively impacted by means of the coal-to-gas initia-
tive than higher income households. Our calculations show 
that families experiencing energy poverty grew by 47,300 in 
Beijing when switching from coal to electricity and by 14,000 
and 350,300 from coal to gas in Beijing and Hebei, respec-
tively. These initiatives increased the gap between rich and 
poor in terms of energy use by 242.65 million, 23.33 million, 
and 2.77 billion yuan, demonstrating the significant finan-
cial burden this mandated energy shift has placed on rural 
people. The clean thermal program’s costs also include the 
cost of building foundations and replacing heating equipment 

in addition to the cost of fuel. Due to the subsidy program, 
homeowners only pay a percentage of the cost of replacing 
furnaces rather than the total cost of building equipment. The 
issue of energy poverty becomes more significant when the 
expense of replacing equipment is considered. The primary 
cause of the rise in energy poverty is the expensive and nec-
essary move from coal to gas or electricity, occurring even 
when the associated support is not enough to cover the price 
increase. However, the show itself to replace dirty coal with 
clean coal is also required, clean coal is far less expensive in 
comparison to gas and electricity, and it does not need any the 
replacement of thermal systems or the cost of building new 
infrastructure. This suggests that if the government is facing 
short-term fiscal challenges, it is possible that switching to 
clean coal as a temporary measure on the way to switching to 
gas or electricity for home heating might be beneficial. These 
results highlight the importance of low-income families for 
policymakers when creating and enacting regulations. A man-
dated “one policy for all” will probably damage families with 
low incomes more because it does not highlight the expected 
heterogeneous effects. While putting energy transition policies 
into practice, low-income households require special consid-
eration. This issue might be solved by increasing block prices 
and reducing block subsidies for gas and electricity.

Table 4   Fuel-to-energy ratio 
for homes using clean heating 
systems

Converting Coal 
produced in the 
Beijing

Conversion of 
Coal to Gas in 
Beijing

Clean coal 
replacement in 
Beijing

Coal to gas in Hebei

Properties of families
  Income −1.369*** −1.458** −1.253*** −1.758***

(1.002) (1.005) (1.235) (1.266)
  Household size −1.365** −2.125* −2.236** −1.266

(1.245) (2.125) (1.154) (1.058)
  Elder −1.236 1.458 −2.869 2.863

(2.453) (2.012) (1.156) (3.325)
  Children −1.36 3.332 1.458 −4.326**

(1.253) (2.158) (1.365) (2.369)
  Education −2.125* −3.012 −2.133** 1.594

(1.215) (2.485) (1.245) (2.555)
Housing characteristics
  House size 1.255 2.455* 1.256*** 1.002

(1.445) (2.155) (1.458) (2.458)
  House age 1.458 −1.458** 1.236 −1.266

(1.658) (1.256) (1.458) (1.588)
  Insulation 1.255 −4.004** 1.256 1.263

(2.226) (2.452) (2.366) (2.154)
  Constant 21.36*** 20.15*** 22.03*** 22.02***

(3.266) (7.23) (2.45) (6.26)
  R-squared 1.256 1.366 1.256 1.236
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Policy implications

Setting the correct the optimum size and quantity of pieces 
is essential for designing and using complex economic 
policy tools effectively. It could be useful to determine 
the ideal estimations of these factors by rigorously study-
ing the pricing reactions of families with different levels 
of income and composition. However, the funding should 
be inversely linked to the level of local revenue, given 
its varied impact across regions. There is a positive cor-
relation between regional revenue and the current subsidy 

because local governments provide it. To remedy this, 
the federal government must continue to cross-subsidize 
households in low-income areas. A similar subsidy might 
be provided via the higher electricity prices that top-block 
families must pay. Furthermore, the support is expected to 
only persist for a short time due to the tremendous finan-
cial pressure the widespread subsidies have placed on the 
economy. In Beijing, the breadth of energy poverty will 
rise by an additional 3.8 percentage points in the absence 
of subsidies. Encouragement of technological innovation 
to boost funding and unsustainable incentives, it would be 
crucial to improve gas and electricity heating effectiveness 
and decrease the price of clean heating to make it more 
accessible to more people. We must be conscious that the 
economic costs that households bear are the main focus of 
this research and represent only a portion of the well-being 
of a community. The clean heating program makes heating 
safer, more convenient, and cleaner. The welfare of house-
holds benefits from these developments. It is feasible that 
households will benefit if they value clean heating’s non-
economic benefits more than the added expense. Future 
research may focus on identifying these homes’ features to 
understand better how to design and administer programs 
like the clean heating program to benefit these households 
and other households. This research has ignored the stabil-
ity of the system as a whole consequence of this program, 

Table 5   Effect of the clean 
heat initiative on the cost-
effectiveness ratio of heating

Coal-fired power 
plants in Beijing

Conversion of coal 
to gas in Beijing

Clean coal 
replacement in 
Beijing

Coal to gas in Hebei

Features of families
  Income −1.336 −1.245* 1.245 −1.596***

(1.236) (1.336) (1.363) (1.269)
  Household size 2.022 −1.236 1.236 −1.256

(1.245) (2.266) (1.236) (1.256)
  Elder 1.2458 2.236 −1.256 −3.256

(1.458) (2.236) (4.26) (3.266)
  Children 1.489 1.225 −1.236* −2.125

(1.789) (2.125) (1.366) (2.125)
  Education −1.485 −1.236 1.266 −1.215

(1.236) (2.236) (1.322) (1.366)
Housing characteristics
  House size 1.235** 1.326 1.366 2.556

(1.235) (1.266) (1.236) (2.366)
  House age 1.369 −1.266*** −1.636 1.326

(1.236) (1.525) (1.245) (1.258)
  Insulation −1.588 −4.255*** −1.255 −1.236

(1.245) (1.245) (1.266) (2.366)
  Constant 1.245 7.356 −1.236 8.215

(2.215) (5.254) (1.366) (6.269)
  R-squared 1.556 1.256 0.012 1.366

Table 6   Overall energy cost and energy price efficiency score

POLS INTC STR GMM

λ1 1.12* 1.57** 1.34** 2.89***
(0.001) (0.006) (0.000) (0.001)

λ2 1.97* 1.62** 3.18** 3.34***
(0.022) (0.004) (2.57) (3.47)

λ3 1.56** 1.131** 1.29** 1.77**
(3.99) (0.012) (0.008) (0.005)

λ4 1.001** 5.72* 3.56** 3.45**
(0.000) (0.001) (3.72) (3.29)

Constant 3.57** 3.42** 1.11* 1.93**
(17.34) (21.45) (13.71) (0.94)

R2 0.78 0.45 0.74 0.50
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which is another thing we want to draw attention to. The 
consumption of other items may be impacted by replace-
ment and income impacts as a result of changes in terms 
of the cost of competing products due to changes in the 
cost of heating. Because of this initiative, the demand for 
coal is drastically reduced, but gas and electricity use has 
increased considerably. This directly impacts the produc-
ers of coal, power, and gas. A higher price for power or 
tax is imposed on them to further cross-subsidize12 the 
program’s households, which means that all businesses, 
not only energy suppliers, may experience indirect effects. 
A general equilibrium analysis considering all these stake-
holders is another fascinating and crucial area of future 
research.

Author contributions  Write up corrections, data curation, supervision: 
RuiYing Wang; analysis, software, editing and visualization: Ting Cao; 
conceptualization, methodology: XingYuan He; review, corrections, 
visualization: YiMin Fan.

Data availability  Data is publicly available at mentioned sources in 
data section.

Declarations 

Ethical approval and consent to participate
We declare that we have no human participants, human data or human 
issues.

Consent for publication  We do not have any individual person’s data 
in any form and we give consent for publication in true letter and spirit.

Competing interests  The authors declare no competing interests.

 References

Ahmad T, Zhu H, Zhang D, Tariq R, Bassam A, Ullah F, AlGhamdi 
AS, Alshamrani SS (2022) Energetics Systems and artificial 
intelligence: applications of industry 4.0. Energy Reports 
8:334–361. https://​doi.​org/​10.​1016/j.​egyr.​2021.​11.​256

Antelava A, Damilos S, Hafeez S, Manos G, Al-Salem SM, Sharma 
BK, Kohli K, Constantinou A (2019) Plastic solid waste (PSW) 
in the context of life cycle assessment (LCA) and sustainable 
management. Environ Manag 64(2):230–244. https://​doi.​org/​
10.​1007/​S00267-​019-​01178-3

Bartzas G, Komnitsas K (2017) Life cycle analysis of pistachio pro-
duction in Greece. Sci Total Environ 595:13–24. https://​doi.​org/​
10.​1016/j.​scito​tenv.​2017.​03.​251

Belhassine O (2020) Volatility spillovers and hedging effectiveness 
between the oil market and Eurozone sectors: a tale of two cri-
ses. Res Int Business Fin 53. https://​doi.​org/​10.​1016/j.​ribaf.​
2020.​101195

Breeze P (2018) In: Breeze PBT-PSEST (ed) Chapter 8 - Hydrogen 
energy storage. Academic Press, pp 69–77. https://​doi.​org/​10.​
1016/​B978-0-​12-​812902-​9.​00008-0

Camba AC (2020) Capturing the short-run and long-run causal behav-
ior of Philippine stock market volatility under vector error correc-
tion environment. J Asian Finan Econom Business 7(8):41–49. 
https://​doi.​org/​10.​13106/​JAFEB.​2020.​VOL7.​NO8.​041

Caux S, Hankache W, Fadel M, Hissel D (2010) On-line fuzzy energy 
management for hybrid fuel cell systems. Int J Hydrogen Energy 
35:2134–2143. https://​doi.​org/​10.​1016/j.​ijhyd​ene.​2009.​11.​108

Chang L, Iqbal S, Chen H (2023) Does financial inclusion index and 
energy performance index co-move? Energy Policy 174:113422

Cheng Z, Kai Z, Zhu S (2023) Does green finance regulation improve 
renewable energy utilization? Evidence from energy consumption 
efficiency. Renew Energy 208:63–75. https://​doi.​org/​10.​1016/j.​
renene.​2023.​03.​083

Curran G (2020) Divestment, energy incumbency and the global 
political economy of energy transition: the case of Adani’s 
Carmichael mine in Australia. Climate Policy 20(8):949–962. 
https://​doi.​org/​10.​1080/​14693​062.​2020.​17567​31

Eriksson ELV, Gray EM (2017) Optimization and integration of 
hybrid renewable energy hydrogen fuel cell energy systems – a 
critical review. Appl Energy 202:348–364. https://​doi.​org/​10.​
1016/j.​apene​rgy.​2017.​03.​132

Erum N, Hussain S (2019) Corruption, natural resources and eco-
nomic growth: evidence from OIC countries. Resources Policy 
63:101429. https://​doi.​org/​10.​1016/j.​resou​rpol.​2019.​101429

Goel A, Chhapra ZD (2021) Evolution and advances of laser hair 
removal technologies in India. Cosmoderma 1

Goodell JW, Nammouri H, Saâdaoui F, Ben Jabeur S (2023) Carbon 
allowances amid climate change concerns: fresh insights from 
wavelet multiscale analysis. Finance Res Lett. https://​doi.​org/​10.​
1016/j.​frl.​2023.​103871

Hankache W, Caux S, Hissel D, Fadel M (2009) Genetic algorithm 
fuzzy logic energy management strategy for fuel cell hybrid vehi-
cle. IFAC Proceed Volumes 42(9):137–142. https://​doi.​org/​10.​
3182/​20090​705-4-​SF-​2005.​00026

Haushalter D, Klasa S, Maxwell WF (2007) The influence of product 
market dynamics on a firm's cash holdings and hedging behavior. 
J Finan Econ 84(3):797–825. https://​doi.​org/​10.​1016/j.​jfine​co.​
2006.​05.​007

Iqbal S, Bilal AR (2021) Energy financing in COVID-19: how public 
supports can benefit? China Finance Rev Int 12(2):219–240

Kallai T, Lendér Z, Lucz G (2022) What artificial intelligence and IoT 
(AIoT) can deliver to scale up the hydrogen economy? https://​doi.​
org/​10.​13140/​RG.2.​2.​32118.​06726

Kalogirou S (2001) Kalogirou, S.A: Artificial neural networks in renew-
able energy systems applications: a review. Renew Sustain Energy 
Rev 5:373-401. https://​doi.​org/​10.​1016/​S1364-​0321(01)​00006-5

Kishore SC, Perumal S, Atchudan R, Alagan M, Sundramoorthy AK, Lee 
YR (2022) A critical review on artificial intelligence for fuel cell 
diagnosis. Catalysts 12(7). https://​doi.​org/​10.​3390/​catal​12070​743

Konisky DM, Carley S (2021) What we can learn from the green new 
deal about the importance of equity in national climate policy. 
J Policy Anal Manag 40(3):996–1002. https://​doi.​org/​10.​1002/​
PAM.​22314

Li X, Chen L, Lin JH (2023) Borrowing-firm environmental impact on 
insurer green finance assessment: green loan subsidy, regulatory 
cap, and green technology. Environ Impact Assess Rev 99. https://​
doi.​org/​10.​1016/j.​eiar.​2022.​107007

Li Y, Ma Z, Zheng M, Li D, Lu Z, Xu B (2021) Performance Analysis 
and optimization of a high-temperature PEMFC vehicle based on 
particle swarm optimization algorithm. Membranes 11(9). https://​
doi.​org/​10.​3390/​membr​anes1​10906​91

Ligus M, Peternek P (2021) The sustainable energy development 
index—an application for european union member states. Ener-
gies 14(4). https://​doi.​org/​10.​3390/​EN140​41117

Luo W, Yao J, Mitchell R, Zhang X (2020) Spatiotemporal access 
to emergency medical services in Wuhan, China: accounting for 
scene and transport time intervals. Int J Health Geograph 19(1). 
https://​doi.​org/​10.​1186/​S12942-​020-​00249-7

Menegaki A, Tugcu C (2017) Energy consumption and sustainable economic 
welfare in G7 countries; a comparison with the conventional nexus. 

108876 Environmental Science and Pollution Research (2023) 30:108865–108877

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.egyr.2021.11.256
https://doi.org/10.1007/S00267-019-01178-3
https://doi.org/10.1007/S00267-019-01178-3
https://doi.org/10.1016/j.scitotenv.2017.03.251
https://doi.org/10.1016/j.scitotenv.2017.03.251
https://doi.org/10.1016/j.ribaf.2020.101195
https://doi.org/10.1016/j.ribaf.2020.101195
https://doi.org/10.1016/B978-0-12-812902-9.00008-0
https://doi.org/10.1016/B978-0-12-812902-9.00008-0
https://doi.org/10.13106/JAFEB.2020.VOL7.NO8.041
https://doi.org/10.1016/j.ijhydene.2009.11.108
https://doi.org/10.1016/j.renene.2023.03.083
https://doi.org/10.1016/j.renene.2023.03.083
https://doi.org/10.1080/14693062.2020.1756731
https://doi.org/10.1016/j.apenergy.2017.03.132
https://doi.org/10.1016/j.apenergy.2017.03.132
https://doi.org/10.1016/j.resourpol.2019.101429
https://doi.org/10.1016/j.frl.2023.103871
https://doi.org/10.1016/j.frl.2023.103871
https://doi.org/10.3182/20090705-4-SF-2005.00026
https://doi.org/10.3182/20090705-4-SF-2005.00026
https://doi.org/10.1016/j.jfineco.2006.05.007
https://doi.org/10.1016/j.jfineco.2006.05.007
https://doi.org/10.13140/RG.2.2.32118.06726
https://doi.org/10.13140/RG.2.2.32118.06726
https://doi.org/10.1016/S1364-0321(01)00006-5
https://doi.org/10.3390/catal12070743
https://doi.org/10.1002/PAM.22314
https://doi.org/10.1002/PAM.22314
https://doi.org/10.1016/j.eiar.2022.107007
https://doi.org/10.1016/j.eiar.2022.107007
https://doi.org/10.3390/membranes11090691
https://doi.org/10.3390/membranes11090691
https://doi.org/10.3390/EN14041117
https://doi.org/10.1186/S12942-020-00249-7


1 3

Renew Sustain Energy Rev 69:892–901. https://​doi.​org/​10.​1016/j.​rser.​
2016.​11.​133

Miao Z, Baležentis T, Shao S, Chang D (2019) Energy use, industrial 
soot and vehicle exhaust pollution—China’s regional air pollution 
recognition, performance decomposition and governance. Energy 
Econ 83:501–514. https://​doi.​org/​10.​1016/j.​eneco.​2019.​07.​002

Pan C, Sun T, Mirza N, Huang Y (2022) The pricing of low emission 
transitions: evidence from stock returns of natural resource firms 
in the GCC. Res Policy 79:102986. https://​doi.​org/​10.​1016/j.​resou​
rpol.​2022.​102986

Piersma T, Drent J (2003) Phenotypic flexibility and the evolution of 
organismal design. Trends Ecol Evolut 18(5):228–233. https://​doi.​
org/​10.​1016/​S0169-​5347(03)​00036-3

Ross EV, Ladin Z, Kreindel M, Dierickx C (1999) Theoretical con-
siderations in laser hair removal. Dermatol Clin 17(2):333–355

Seo H (2021) Peer effects in corporate disclosure decisions. J Account 
Econ 71(1). https://​doi.​org/​10.​1016/j.​jacce​co.​2020.​101364

Su CW, Chen Y, Hu J, Chang T, Umar M (2023) Can the green bond 
market enter a new era under the fluctuation of oil price? Econ Res 
Ekonomska Istrazivanja 36(1):536–561. https://​doi.​org/​10.​1080/​
13316​77X.​2022.​20777​94

Szetela B, Majewska A, Jamroz P, Djalilov B, Salahodjaev R (2022) 
renewable Energy and CO2 emissions in top natural resource rents 
depending countries: the role of governance. Front Energ Res 10. 
https://​doi.​org/​10.​3389/​fenrg.​2022.​872941

Tam KP (2013) Concepts and measures related to connection to nature: 
similarities and differences. J Environ Psychol 34:64–78. https://​
doi.​org/​10.​1016/J.​JENVP.​2013.​01.​004

Turtos Carbonell LM, Sanchez Gacita M, Rivero Oliva J, De J, Curbelo 
Garea L, Diaz Rivero N, Meneses Ruiz E (2010) Methodological 
guide for implementation of the AERMOD system with incom-
plete local data. Atmos Pollut Res 1(2):102–111. https://​doi.​org/​
10.​5094/​APR.​2010.​013

Umamaheswaran S, Rajiv S (2015) Financing large scale wind and 
solar projects - a review of emerging experiences in the Indian 

context. Renew Sustain Energy Rev 48:166–177. https://​doi.​org/​
10.​1016/J.​RSER.​2015.​02.​054

Wang J, Dong K (2019) What drives environmental degradation? Evi-
dence from 14 Sub-Saharan African countries. Sci Total Environ 
656:165–173. https://​doi.​org/​10.​1016/j.​scito​tenv.​2018.​11.​354

Wang J, Wang H, Wang D (2021) Equity concentration and investment 
efficiency of energy companies in China: evidence based on the 
shock of deregulation of QFIIs. Energy Econ 93. https://​doi.​org/​
10.​1016/j.​eneco.​2020.​105032

Yang X, Li N, Mu H, Zhang M, Pang J, Ahmad M (2021) Study on the 
long-term and short-term effects of globalization and population 
aging on ecological footprint in OECD countries. Ecolog Com-
plex 47. https://​doi.​org/​10.​1016/j.​ecocom.​2021.​100946

Yang Y, Liu Z, Saydaliev HB, Iqbal S (2022) Economic impact of 
crude oil supply disruption on social welfare losses and strategic 
petroleum reserves. Resour Policy 77:102689

Zepf V (2020) The dependency of renewable energy technologies on 
critical resources. Mater Basis Energ Trans 49–70. https://​doi.​org/​
10.​1016/​B978-0-​12-​819534-​5.​00004-0

Zhao L, Saydaliev HB, Iqbal S (2022) Energy financing, COVID-19 
repercussions and climate change: implications for emerging 
economies. Climate Chang Econ 13(03):2240003

Zheng X, Zhou Y, Iqbal S (2022) Working capital management of 
SMEs in COVID-19: role of managerial personality traits and 
overconfidence behavior. Econ Anal Policy 76:439–451

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

108877Environmental Science and Pollution Research (2023) 30:108865–108877

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.rser.2016.11.133
https://doi.org/10.1016/j.rser.2016.11.133
https://doi.org/10.1016/j.eneco.2019.07.002
https://doi.org/10.1016/j.resourpol.2022.102986
https://doi.org/10.1016/j.resourpol.2022.102986
https://doi.org/10.1016/S0169-5347(03)00036-3
https://doi.org/10.1016/S0169-5347(03)00036-3
https://doi.org/10.1016/j.jacceco.2020.101364
https://doi.org/10.1080/1331677X.2022.2077794
https://doi.org/10.1080/1331677X.2022.2077794
https://doi.org/10.3389/fenrg.2022.872941
https://doi.org/10.1016/J.JENVP.2013.01.004
https://doi.org/10.1016/J.JENVP.2013.01.004
https://doi.org/10.5094/APR.2010.013
https://doi.org/10.5094/APR.2010.013
https://doi.org/10.1016/J.RSER.2015.02.054
https://doi.org/10.1016/J.RSER.2015.02.054
https://doi.org/10.1016/j.scitotenv.2018.11.354
https://doi.org/10.1016/j.eneco.2020.105032
https://doi.org/10.1016/j.eneco.2020.105032
https://doi.org/10.1016/j.ecocom.2021.100946
https://doi.org/10.1016/B978-0-12-819534-5.00004-0
https://doi.org/10.1016/B978-0-12-819534-5.00004-0

	Energy financing, energy projects retrofit and energy poverty: a scenario-analysis approach for energy project cost estimation and energy price determination
	Abstract
	Introduction
	Literature review
	Methodology
	Energy cost and energy price–based measurement of energy poverty
	Research data

	Results and discussion
	Energy poverty scope based on energy cost and energy price
	Heterogeneous effects of energy poverty reduction programs
	Regression analysis estimations
	Vulnerable households after the program-based results
	Households that suffered more due to the program

	Conclusion and implications
	Conclusion
	Policy implications

	References




