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Abstract

This study analyzes the effect of governance quality (six aspects: government

effectiveness; control of corruption; voice and accountability; regulatory qual-

ity; political stability and absence of violence; and rule of law) on the renew-

able and nonrenewable energy consumption prediction based on the SHapely

Additive exPlanations method for model analysis and interpretability. The

empirical findings indicate that the time-varying contributions of six aspects of

governance quality on nonrenewable (renewable) energy consumption predict-

ing vary greatly in E-7 and G-7 countries. The time-varying contribution of

governance quality within countries is heterogeneous and asymmetrical, espe-

cially India (Germany) in E-7 countries (G-7 countries). The prediction contri-

bution distribution of governance quality between countries is more discrete in

G-7 countries than E-7 countries. Our results are of great importance to policy-

makers and investors for enhancing the renewable energy consumption level

in overcoming environmental challenges based on the country itself through

governance quality.
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1 | INTRODUCTION

As an important national strategic resource, energy is sig-
nificant for the development and stability of economies
and society. However, fossil energy takes up a great pro-
portion of energy consumption and drives a series of
environmental degradation (Dietz et al., 1998), because
the carbon dioxide released by fossil energy would facili-
tate or increase the frequency of cataclysmic events, such
as extreme weather events and reducing biodiversity
(Abid et al., 2021). Faced with such challenges, countries
around the world are taking various solutions in the light

of the 2015 Paris Climate Agreement to optimize energy
consumption structure, such as increasing renewable
energy consumption (Chiu & Chang, 2009). However,
fossil energy consumption has continued to rise recently,
while renewable energy consumption has not increased
significantly (Sun et al., 2023). Additionally, floods,
cyclones, high temperatures, and other events occur fre-
quently, as stated in “World Disasters Report 2020: Come
Heat or High Water.” With the serious and special occa-
sions, it is important in exploring the factors that deter-
mine renewable energy consumption. Meanwhile, it is
feasible to formulate and implement policies on adjusting
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energy consumption structure and increasing the share
of renewable energy consumption in the structure of
energy consumption by comparing these factors. There-
fore, this research tries to discover the possible factors.

The influencing factors of energy consumption have
been widely explored in the literature, especially economic
growth being the main driving force. Besides,
economic growth is the main performance of institutional
quality based on the new institutional economics
(Rodrik, 2004). It is reasonable to consider the factor of
governance quality. This paper considers that governance
quality mainly affects energy consumption through two
channels based on summarizing the existing research, as
shown in Figure 1. On the one side, good governance
increases the amount of energy consumption through the
promotion contribution. With the improvement of
the governance quality, economic growth would be
increased sharply by increasing customers' purchasing
(Bornemann et al., 2018; Glad, 2017), expanding product
scale (Bah et al., 2021), stimulating market investment
(Barro, 1996; Cowell et al., 2017), and optimizing indus-
trial structure (Davies et al., 2018). And without a doubt,
economic growth results in an increase in energy demand
and accelerates energy consumption (Alsaleh et al., 2021).
On the other hand, a good governance decreases the
amount of energy consumption through the inhibition
contribution. As governance quality improves, innovative
technology would be greatly improved, such as energy
development technology (Gaspari & Lorenzoni, 2018;
Pakseresht et al., 2020), product production technology
(Bekhet & Latif, 2018), and machine operation technology
(Clarke, 2001). The improvement of technology promotes

energy efficiency and decreases energy consumption. Spe-
cifically, this study attempts to analyze and discuss the
first question: (1) How does governance quality predict
energy consumption, especially renewable and nonrenew-
able energy consumption?

Although it is theoretically reasonable for governance
quality to act on energy consumption, relatively few stud-
ies consider the impact of all dimensions of governance
quality. World Bank seeks to measure the
governance quality from six aspects covering all domains
of governance, such as voice and accountability, control
of corruption (CC), government effectiveness (GE), regu-
latory quality, rule of law, and political stability and
absence of violence (PSAV), as shown in Table 1 with a
detailed description (Guliyeva et al., 2018). For each indi-
cator, the higher the score, the stronger of government in
the corresponding dimension (Haq et al., 2006). Some
scholars commonly consider a single aspect in the contri-
bution of governance quality, such as corruption
(Ahlin & Pang, 2008; Glaeser & Saks, 2006; Li
et al., 2000; Mo, 2001; Robinson et al., 2017), political
instability (Agyemang et al., 2018), and institutional qual-
ity. These existing researches provide a great valuable ref-
erence to this issue. Notably, as governance quality
represents many dimensions, it is essential to clearly clar-
ify the impact mechanism in such a diversified and com-
prehensive framework. Specifically, this study attempts
to answer and discuss the second question: (2) Does con-
tributions of such predictors vary with different dimen-
sions of governance quality on energy consumption,
especially renewable and nonrenewable energy
consumption?

FIGURE 1 The influencing mechanism of governance quality affecting energy consumption.
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The level of national economic development would
generate the different impacts of governance quality on
renewable and nonrenewable energy consumption. Gen-
erally, the level of national economic development of a
country is closely related to its industrial structure,
urbanization, international trade, technological develop-
ment level, labor market structure, market supervision,
and government subsidies, which would contribute
energy consumption structure (Chen et al., 2019; Feng
et al., 2009; Liu & Li, 2011; Yang et al., 2023). However,
whether the governance quality will have different con-
tributions on renewable and nonrenewable energy
consumption is unclear. It can be inferred that different
levels of national economic development under
different aspects of governance may have different
impacts on the energy consumption structure. Specifi-
cally, this study attempts to answer and discuss the third
question: (3) Does the importance of governance quality
on energy consumption is different in developed and
emerging countries, represented by the E-7 countries and
G-7 countries?

Governance quality does play a role in predicting
renewable and nonrenewable energy consumption. This
study finds several noteworthy and valuable conclusions,
which are essential to understanding the relationship
between governance quality and energy consumption
structure, especially in G-7 and E-7 countries. First, each
indicator of governance quality has a time-varying contri-
butions on renewable and nonrenewable energy con-
sumption predicting, and different countries show
different time-varying importance characteristics among
G-7 and E-7 countries. For example, each indicator of
governance quality on nonrenewable energy consump-
tion predicting fluctuates slightly (greatly) over time for
Turkey, Mexico, Italy, and Canada (Indonesia, India,
USA, Germany, and England). However, each indicator
of governance quality on renewable energy consumption
predicting fluctuates slightly (greatly) over time for
Turkey, Russia, Mexico, and Italy (India, Brazil, France,
and England). Second, at any point in time, the contribu-
tion of each indicator of governance quality on nonre-
newable (renewable) energy consumption predicting
varies greatly among G-7 or E-7 countries. For example,
compared with other E-7 (G-7) countries, China (USA)
has significant heterogeneity in the impact of each indi-
cator of governance quality on predicting nonrenewable
(renewable) energy consumption. However, several coun-
tries have shown a similar contribution of one indicator
of governance quality on nonrenewable (renewable)
energy consumption. For example, for nonrenewable
energy consumption, the importance of the rule in
China, India, and Brazil (Japan and France) is relatively
consistent in E-7 (G-7) countries; for renewable energy
consumption predicting, the contribution of GE in
China, India, and Brazil (the USA and France) is rela-
tively consistent in E-7 (G-7) countries. Therefore, the
importance of governance quality on predicting renew-
able and nonrenewable energy consumption are hetero-
geneous in both timeline and countries. These findings
reveal that governance quality does not necessarily have
a decisive importance on optimizing energy consumption
structure, which depends on the development and stage
of the country itself.

The contributions of this study are threefold. First,
this research validates the importance of governance
quality on energy consumption predicting. To our knowl-
edge, existing research had illustrated the critical of gov-
ernance quality on energy consumption (Naqvi
et al., 2021; Psychogios et al., 2019). However, few studies
have focused on a comprehensive description of the con-
tribution of governance quality. Governance is a multidi-
mensional issue, which ranges from the degree of
democracy to the rule of law in a country. Focusing on
the part dimension of governance quality may be

TABLE 1 The description of worldwide governance.

Definition variable Description

Voice and
accountability

Capturing the degree of freedom in
selecting their government, mainly
specific in three aspects: freedom in
social media, freedom in social
association, and freedom in social
expression

Political stability and
absence of violence

Capturing the degree of stability in
politics and society, mainly specific
in three aspects: social violence,
political stability, and terrorism

Government
effectiveness

Capturing the degree of quality in
social services, mainly specific in
three aspects: policy formulation,
policy implementation, and
government commitment

Regulatory quality Capturing the degree of ability in
promoting social development,
mainly specific in two aspects:
formulating policies and
regulations and implying policies

Rule of law Capturing the degree of confidence in
and abide by the rules of society,
mainly specific in three aspects:
contract enforcement, property
rights, and crime and social power

Control of corruption Capturing the degree of corruption in
society, mainly specific in two
aspects: citizens and civil servant

Source: The Worldwide Governance Indicators.
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misleading. The study strives and expands the existing lit-
erature from the six dimensions of governance quality.
Additionally, the research analyzes the different contri-
butions of governance quality on renewable and nonre-
newable energy consumption so as to optimize energy
consumption structure. Second, in addition to the impact
contributions, we also analyze the time-varying contribu-
tions and compare the heterogeneity among E-7 and G-7
countries. This research is in line with the fact that social
constructions on energy consumption predicting may
vary widely depending on the national economy struc-
ture and social culture (Dietz et al., 1998;
Granovetter, 1992; Stephenson et al., 2021). These find-
ings indicate the optimal path of energy consumption
structure varies from country to country. Third, we use
the explainable machine learning method, which pro-
vides the explanatory power of each indicator. The
explainable machine learning method could solve
the questions about the nonlinear and nonstationary time
series and takes the asymmetries into account. Addition-
ally, these findings provide a helpful tool for policy-
makers to prioritize which institutional optimization to
pay close attention on based on their country characters.

2 | EMPIRICAL MODELS
AND DATA

2.1 | Methodology framework

Machine learning methods are widely applied in many
fields (Liu et al., 2023; Su et al., 2023; Weng et al., 2021),
especially the energy consumption literature, as they are
capable to deal with critical problems, such as data missing
and the optimization of hyperparameters. For example,
Ulucak (2021) used bootstrap auto-regressive distributive
lag to verify the relationship between financial

development and energy consumption. Adaboost,
K-nearest neighbor, support vector regression (SVR), multi-
layer perceptron (MLP), decision tree, and so forth are used
for energy consumption forecasting by Jain et al. (2014)
and Robinson et al. (2017). Nabavi et al. (2020) performed
power forecasting by hybrid approach, which combines
MLP, SVR, and CatBoost algorithms. However, the explain-
ability of predictive factors is not known, which is impor-
tant in practice by developing optimization strategies.
Then, we search extensively and found further break-
throughs in machine learning in terms of explainability.
For instance, Jin and Zhu (2015) came up with a relative
variable importance in predicting by MLP and decision tree
method. Similarly, Li et al. (2018) analyzed a feature impor-
tance analysis by XGBoost and deep neural networks.
Additionally, Lundberg and Lee (2017) put forward expla-
nation capacity with the SHapely Additive exPlanations
(SHAP) method, which could work with complex models.

This research aims to unveil the heterogeneous
impacts of governance quality on renewable and nonre-
newable energy consumption in the SHAP method for
explaining machine learning model. On the one hand,
the SHAP method obtains a global explanation rather
than a local explanation, which could give the accurate
explanation about each indicator of good governances.
On the other hand, the SHAP method takes into account
all sequential combinations in an efficient model to eval-
uate feature importance, which could accurately obtain
the relative weight between indicators of good gover-
nances. In summary, we employ the SHAP method for
explaining machine learning models to quantify the con-
tribution of worldwide governance on renewable and
nonrenewable energy consumption in G-7 and E-7 coun-
tries. In detail, Figure 2 display the overview of the pro-
posed framework using the SHAP method for explaining
machine learning models. Specifically, first, the energy
consumption is used as a target and the worldwide

FIGURE 2 The methodology framework.
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governance index is utilized for machine learning model
input. Second, the XGBoost model is used to capture the
complex relationship between worldwide governance
indices and energy consumption data. Third, the Shapley
value is calculated by the SHAP method. Finally, we can
analyze the feature contribution based on the Shapley
value. In the following section, we give the description of
the key ideas of the XGBoost algorithm and SHAP
method, as well as the feature contribution.

2.2 | Model

Suppose D¼ xi,yif g as the input data sample of this
study, xi denote the worldwide governance indices and yi
indicates the energy consumption data. In detail, xi ¼
x 1ð Þ
i ,x 2ð Þ

i , � � �x pð Þ
i

n o
is the data instance of input world gov-

ernance indices; p represents the number of its features.
yi ¼ y 1ð Þ

i ,y 2ð Þ
i , � � �y qð Þ

i

n o
is the data instance of input

energy consumption variable; q is the dimension of
corresponding features.

First, we normalize the data in the range of 0,1½ � to
eliminate the differences in variable dimension, which
could increase model fitting reliability. Then, the stan-
dardized data are used as the input of the model. The
regression problem is measured and evaluated using
the mean square error as the loss function.

In this paper, we introduce the XGBoost method as
the prediction model of energy consumption because
XGBoost is a scalable tree boosting method proposed by
Chen and Guestrin (2016). Regression problems and clas-
sification problems could be solved in parallel by
XGBoost (Dong et al., 2023; Friedman, 2001, Weng
et al., 2022). Specifically, there are two key optimization
improvements. On the one hand, to prevent overfitting
problems, regularization terms are added to the objective
function of XGBoost (Chen et al., 2015). On the other
hand, to get a more accurate performance, XGBoost con-
ducts a second-order Taylor expansion. The related detail
information of XGBoost is listed as follows.

In the training process of the energy consumption
prediction model, the XGBoost model with regularization
objective is as follows:

Obj ϕð Þ¼
Xn
i¼1

l byi,yið Þþ
X
k

Ω f tð Þ, ð1Þ

where yi is true value of energy consumption and byi
denotes the output value predicted by the model. l is a
loss function which measures the predicted values and
true energy consumption. Penalty term Ω fð Þ¼
γTþ 1

2λ wk k2 is used to prevent model overfitting.

Second, the SHAP method is employed to explain the
governance quality indicators in the energy consumption
prediction model. SHAP, a feature analysis method based
on cooperative game theory, can explain the machine
learning model by calculating the contribution of each
variable to the predicted energy consumption (Lundberg
et al., 2020). The Shapley (1953) value of the feature con-
tribution estimated by this method is consistent and fair.

SHAP method defines the explanation as

g z0ð Þ ¼ϕ0þ
XM
j¼1

ϕjz
0
j, ð2Þ

where g denotes the explanation model; z0 � 0,1f gM is the
alliance vector; and M is the number of the largest alli-
ance. The Shapley value of feature j is denoted as ϕj �ℝ.

Finally, we can extract the feature contribution of
governance quality on the relationship between energy
consumption by analyzing the Shapley values. The abso-
lute value of Shapley indicates the importance of the fea-
ture, that is, the effect intensity of the variable on the
outcomes. The positive and negative of Shapley value
denote the direction of feature effect. Among them, a pos-
itive value means it pushes up the predicted result, which
means it has a positive influence. On the contrary, a neg-
ative value indicates a negative effect on the consequence
variable (energy consumption).

Furthermore, to empirically examine the heteroge-
neous impacts of worldwide governance on renewable
and nonrenewable energy consumption among G-7 and
E-7 countries, as well as the different effect of worldwide
governance between countries. Based on this, considering
the 14 countries, C¼ E�7,G�7f g, E�7¼ e1, � � �e7f g,
and G�7¼ g1, � � �g7f g. The time T¼ t1, � � �tkf g. The fea-
ture effect of index x pð Þ

i is

I¼ ϕ kð Þ
it

��� ���, ð3Þ

where t�T¼ 1996, � � �2019f g and k�C denotes the index
of country.

2.3 | Data and variables

This paper employs an explainable machine learning
framework to reveal the relationship between world-
wide governance and energy consumption for a sample
of E-7 and G-7 countries in the period 1996–2019. That
is, we aim to explore whether energy consumption is
associated with high-quality governance countries.
Further, the different dimensions of worldwide
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governance allow us to study the heterogeneous reac-
tions to energy consumption. Additionally, the suffi-
ciently long-time dimension could make us analyze
how energy consumption reacts to governance quality
changes. What is more, the samples of E-7 and G-7
countries help us to deeply examine the differentiation
roles of worldwide governance on energy consumption.
Focused on this analysis, this research contains two
datasets: (1) data on energy consumption and (2) data
on worldwide governance.

In the context of this study, it is a major issue to
define an appropriate and the availability explained vari-
able of energy consumption. Fortunately, the EIA and BP
Statistical Review of World Energy sources1 had collected
related data from more than 200 countries from 1996.
Energy mainly consists of two parts, such as renewable
energy and nonrenewable energy. Our analysis uses data
about the annual time series of renewable energy and
nonrenewable energy consumption from G-7 countries2

and E-7 countries3 covering the period 1996–2019. Using
terabyte joule measures energy consumption. Generally,
nonrenewable energies are fuel oil, petroleum, coal, kero-
sene, diesel, natural gas, and gasoline (Khan et al., 2020).
Renewable energies are solar, tide, wave hydro, wind,
geothermal, and so forth (Guo et al., 2021; Li et al., 2020;
Shahzad et al., 2021).

Governance contains a series of formal informal con-
straints or rules. The effectiveness of governance is
determined by governmental executive ability. The
World Bank researchers use 340 variables obtained from
the survey, public sector data, commercial business
information sources, and so on (Desbordes &
Koop, 2016; Langbein & Knack, 2010; Thomas, 2010).
The governance quality could be described in six
aspects, such as voice and accountability (VOA), control
of corruption (CC), government effectiveness (GE), rule
of law (RL), regulatory quality (RQ), and political stabil-
ity and absence of violence (PSAV), which are measured
from �2.5 to 2.5.

2.4 | Evaluation metrics

To evaluate the predictive performance of the regression
model, we choose four different criteria, including root
mean square error (RMSE), mean absolute error (MAE),
median absolute error (MdE), and maximum absolute
error (MAxE). These criteria are commonly used indica-
tors for assessing the predictive performance of regres-
sion models (Niu et al., 2023; Sun et al., 2023; Yang
et al., 2023). The specific formulas for calculating these
criteria are shown below:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N

XN
i¼1

Ri�bRi

� �2

vuut , ð4Þ

MAE¼ 1
N

XN
i¼1

Ri�bRi

��� ���, ð5Þ

MdE¼median Ri�bRi

n oN

i¼1

� �
, ð6Þ

MAxE¼ max Ri�bRi

��� ���N
i¼1

� �
, ð7Þ

where N denotes the number of samples and Ri and bRi

indicate the true value and predicted value, respectively.

3 | EMPIRICAL ANALYSIS AND
RESULTS

An analysis according to worldwide governance and
energy consumption in the period 1996–2019 is mea-
sured. This study mainly analyzed the heterogeneity
effect of worldwide governance on energy consumption,
emphasizing the time-varying effect of each indicator of
worldwide governance within countries and the hetero-
geneity effect of each indicator of worldwide governance
between countries. In addition, in the heterogeneity
effect analysis, we distinguish the difference of nonre-
newable and renewable consumption.

3.1 | Overall predictive performance

In this section, we selected a range of benchmark regres-
sion models for fitting governance quality and two energy
consumption variables, including linear regression, SVR,
random forest, LightGBM, CatBoost, and XGBoost. These
models cover both traditional linear regression and non-
linear machine learning methods, providing broad appli-
cability. To effectively test the predictive performance of
the models, we split the samples from each country into
training and testing sets with a ratio of 6:4. Tables 2 and
3 present the predictive performance of different models
on the testing set. All models were implemented using
the scikit-learn library in Python.

The results show that machine learning models out-
perform traditional statistical learning methods on these
evaluation criteria, demonstrating the superiority of
machine learning in capturing complex nonlinear rela-
tionships. For the prediction of primary energy consump-
tion, XGBoost achieves scores of 14.999, 8.4689, 4.2981,
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and 71.1848 on RMSE, MAE, MdE, and MAxE, respec-
tively. Among these, XGBoost performs slightly worse
than LightGBM on MAxE. In the case of renewable con-
sumption prediction, XGBoost demonstrates the best per-
formance on RMSE, MdE, and MAxE, scoring 0.4845,
0.1482, and 2.3423, respectively. The SVR model achieves
a score of 0.2849 on MAE. Overall, XGBoost emerges as a
competitive model for predicting both types of energy
consumption. Consequently, we apply the SHAP method
to explain the XGBoost model and obtain the feature con-
tributions, which will be used for further experimental
analysis.

3.2 | The time-varying contribution of
worldwide governance within countries

Figures 3 and 4 report the results of the contribution of
each indicator of worldwide governance on nonrenew-
able energy consumption predicting among E-7 countries

and G-7 countries. At the same time, the results of the
contribution of each indicator of worldwide governance
on renewable energy consumption predicting among E-7
countries and G-7 countries are reported in Figures 5 and
6. Below, this analysis is mainly carried out from two per-
spectives. On the one hand, this research verifies whether
the influence of each indicator of worldwide governance
on nonrenewable (renewable) energy consumption pre-
dicting has time-varying contribution. On the other hand,
this study further gives evidence of heterogeneity in the
time-varying contributions among indicators of world-
wide governance for each country.

The time-varying contribution of VOA is heteroge-
neous. Overall, the influence of VOA on nonrenewable
or renewable energy consumption predicting has a signif-
icant strengthening trend over time in E-7 countries, as
shown in Figures 3 and 5. However, among G-7 coun-
tries, the influence of VOA tends to weaken over time, as
shown in Figures 4 and 6. In particular, the time-varying
contribution of VOA on nonrenewable (renewable)
energy consumption predicting has a small fluctuation
range in Turkey. Additionally, for Indonesia (Brazil;
USA; and Italy), the time-varying effect of VOA on non-
renewable energy consumption fluctuates greatly
(slightly). However, for Indonesia (Brazil; USA; and
Italy), the time-varying effect of VOA on renewable
energy consumption fluctuates slightly (greatly).

The time-varying effect of PSAV is heterogeneous. On
the whole, the influence of PSAV on nonrenewable
(renewable) energy consumption has a slight fluctuation
range over time in E-7 and G-7 countries, as shown in
Figures 3–6. In particular, the time-varying contribution
of PSAV on nonrenewable energy consumption has a
great fluctuation range in Indonesia, India, and Japan.
However, for renewable energy consumption, the time-
varying contribution of PSAV fluctuates greatly in
Russia. Additionally, for China, the time-varying contri-
bution of PSAV on renewable energy consumption pre-
diction fluctuates slightly. What is more, for France and
Japan, the effect of PSAV on predicting nonrenewable
energy consumption decreases in 2005 and 2010.

The time-varying contribution of GE is heteroge-
neous. On the whole, the contribution of GE on nonre-
newable (renewable) energy consumption has a
significantly weakened (strengthening) trend over time
in E-7 and G-7 countries, as shown in Figures 3 (2) and 4
(4). In particular, the time-varying contribution of GE on
nonrenewable renewable energy consumption predicting
has a strengthening (weakened) trend in 2006 (2005 and
2010) for India (England and Japan).

The time-varying contribution of renewable energy
consumption is heterogeneous. On the whole, the contri-
bution of renewable energy consumption on

TABLE 3 Overall performance of different regression models

in renewable consumption prediction.

Model RMSE MAE MdE MAxE

LR 0.8903 0.5701 0.4739 4.6826

SVR 0.5095 0.2849 0.1560 3.0044

RF 0.7567 0.4520 0.2888 3.8522

LightGBM 0.6343 0.3826 0.1563 2.4745

CatBoost 0.6333 0.4373 0.2700 2.6888

XGBoost 0.4845 0.2862 0.1482 2.3423

Note: The bold font in the table indicates that the model performs best under

this metric.
Abbreviations: LR, linear regression; MAE, mean absolute error; MAxE,
maximum absolute error; MdE, median absolute error; RF, random forest;
RMSE, root mean square error; SVR, support vector regression.

TABLE 2 Overall performance of different regression models

in primary energy consumption prediction.

Model RMSE MAE MdE MAxE

LR 23.5011 16.8939 12.5854 72.2138

SVR 17.5551 11.5106 7.5187 78.1869

RF 18.3329 9.9181 4.9080 76.3065

LightGBM 15.7005 9.6359 6.8477 71.1425

CatBoost 18.0026 10.3669 5.4370 78.4667

XGBoost 14.9999 8.4689 4.2981 71.1948

Note: The bold font in the table indicates that the model performs best under
this metric.

Abbreviations: LR, linear regression; MAE, mean absolute error; MAxE,
maximum absolute error; MdE, median absolute error; RF, random forest;
RMSE, root mean square error; SVR, support vector regression.
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nonrenewable energy consumption predicting has a sig-
nificant strengthening (weakened) trend over time in E-7
(G-7) countries, as shown in Figure 3 (2). However,
whether it is E-7 or G-7 countries, the contribution of
renewable energy consumption on renewable energy

consumption predicting has a significant strengthening
trend over time. In particular, the time-varying contribu-
tion of renewable energy consumption on nonrenewable
(renewable) energy consumption predicting has a great
fluctuation range in Russia, Indonesia, India, and France

FIGURE 3 The time-varying

contribution of worldwide governance

on nonrenewable energy consumption

predicting among E-7 countries.

FIGURE 4 The time-varying

contribution of worldwide governance

on nonrenewable energy consumption

predicting among G-7 countries.
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(Turkey and France). Additionally, since 2014 (2014), the
contribution of renewable energy consumption on nonre-
newable (renewable) energy consumption continues to
rise in Brazil (India and Brazil). What is more, for Japan,
the contribution of renewable energy consumption on

nonrenewable (renewable) energy consumption predict-
ing increases significantly in 2005. However, the contri-
bution of renewable energy consumption on renewable
(renewable) energy consumption predicting decreases
significantly in 2007.

FIGURE 5 The contribution of

worldwide governance on renewable

energy consumption predicting among

E-7 countries.

FIGURE 6 The contribution of

worldwide governance on renewable

energy consumption predicting among

G-7 countries.
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The time-varying contribution of ROL is heteroge-
neous. On the whole, the contribution of ROL on nonre-
newable (renewable) energy consumption predicting has
a significantly weakened (strengthen) trend over time in
E-7 and G-7 countries, as shown in Figures 3 (3) and 4
(4). In particular, the time-varying contribution of ROL
on nonrenewable (renewable) energy consumption pre-
dicting has a great fluctuation range in Russia, Indonesia,
and Germany (India, Brazil, England, and Canada). What
is more, for Japan (England), the effect of ROL on nonre-
newable energy consumption predicting increases signifi-
cantly from 2003 and 2006 and decreases from 2008 to
2012. However, for England and Japan, the contribution
of ROL on renewable energy consumption predicting
decreases significantly in 2005. For Canada, the contribu-
tion of ROL on renewable energy consumption predicting
increases from 2013 to 2016.

The time-varying contribution of CC is heterogeneous.
Overall, the contribution of CC on nonrenewable (renew-
able) energy consumption predicting has a slight fluctua-
tion range over time in E-7 countries, as shown in
Figures 3 and 5. However, the influence of CC on predict-
ing nonrenewable (renewable) energy consumption has a
significantly weakened (strengthen) trend over time in G-7
countries, as shown in Figure 4 (4). In particular, the time-
varying contribution of ROL on nonrenewable (renewable)
energy consumption predicting has a great fluctuation
range in India and Germany (India, USA, England, and
France). What is more, for the USA and France, the effect
of CC on nonrenewable energy consumption predicting
decreases significantly in 2002 and 2007 and increases

significantly in the next stage. However, for the USA, the
contribution of CC on renewable energy consumption pre-
dicting continuously increases significantly.

In summary, the heterogeneity in the time-varying
contribution of each indicator of worldwide governance
on nonrenewable (renewable) energy consumption pre-
dicting is little fluctuation for Turkey, Mexico, Italy, and
Canada (Turkey, Russia, Mexico, and Italy) over time.
However, the heterogeneity in the time-varying contribu-
tion of each indicator of worldwide governance on nonre-
newable (renewable) energy consumption predicting is
large fluctuation for Indonesia, India, USA, Germany,
and England (India, Brazil, France, and England) over
time. In particular, for China (Brazil; Russia; Japan; and
France), among indicators of worldwide governance, the
time-varying contribution of VOA (renewable energy
consumption; renewable energy consumption and ROL;
renewable energy consumption; and renewable energy
consumption and CC) on nonrenewable energy con-
sumption predicting is greatly heterogeneous. Since 2013,
the time-varying contribution of each indicator of world-
wide governance on renewable energy consumption pre-
dicting makes changed in E-7 countries.

3.3 | The heterogeneity contribution of
worldwide governance between countries

Figures 7 and 8 (Figures 9 and 10) report the results of
the heterogeneity contribution of each indicator of world-
wide governance on predicting nonrenewable energy

FIGURE 7 The contribution of each indicator of worldwide governance on nonrenewable energy consumption predicting among E-7

countries. CC, control of corruption; GE, government effectiveness; PSAV, political stability and absence of violence.
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(renewable energy) consumption among E-7 and G-7
countries. Below, this analysis is mainly carried out from
three perspectives, such as country, time, and indicators.

The effect of VOA on predicting nonrenewable
(renewable) energy consumption among E-7 and G-7
countries is heterogeneous. For the nonrenewable
(renewable) energy consumption predicting, the hetero-
geneity contribution on China (USA and England)
among E-7 (G-7) countries is the largest. Additionally, for

the nonrenewable energy consumption predicting, the
effect on Germany and England is relatively consistent.
Especially, after 2005, the heterogeneity contribution of
VOA on nonrenewable energy consumption predicting
among E-7 countries increased.

The contribution of ROL on nonrenewable (renew-
able) energy consumption predicting among E-7 and G-7
countries is heterogeneous. For the nonrenewable energy
consumption predicting, the heterogeneity effect on

FIGURE 8 The contribution of each indicator of worldwide governance on renewable energy consumption predicting among E-7

countries. CC, control of corruption; GE, government effectiveness; PSAV, political stability and absence of violence.

FIGURE 9 The contribution of each indicator of worldwide governance on nonrenewable energy consumption predicting among G-7

countries. CC, control of corruption; GE, government effectiveness; PSAV, political stability and absence of violence.
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Russia and India (USA and England) among E-7 (G-7)
countries is the largest. For renewable energy consump-
tion predicting, the heterogeneity contribution on China,
India, and Brazil (Japan) among E-7 (G-7) countries is
the largest. Additionally, for the nonrenewable energy
consumption predicting, the contribution on China,
Indonesia, and Turkey (Japan and France) is relatively
consistent in E-7 (G-7) countries. For renewable energy
consumption predicting, the contribution on Germany
and Canada is relatively consistent in G-7 countries.
Especially, after 2010 (2007), the heterogeneity contribu-
tion of ROL on nonrenewable (renewable) energy con-
sumption predicting among E-7 countries increased.

The contribution of renewable energy consumption
on predicting nonrenewable (renewable) energy con-
sumption among E-7 and G-7 countries is heteroge-
neous. For the nonrenewable (renewable) energy
consumption, the heterogeneity effect on China and
Indonesia (USA) among E-7 (G-7) countries is the larg-
est. Additionally, for the nonrenewable energy con-
sumption predicting, the effect on India and Russia
(Japan, England, and Canada) is relatively consistent in
E-7 (G-7) countries. Especially, after 2004 (2005), the
heterogeneity effect of renewable energy consumption
on renewable energy consumption predicting among
E-7 (G-7) countries increased.

The contribution of PSAV on predicting nonrenew-
able (renewable) energy consumption among E-7 and
G-7 countries is heterogeneous. For the nonrenewable
energy consumption predicting, the heterogeneity contri-
bution on China and Indonesia (USA and Japan) among

E-7 (G-7) countries is the largest. For renewable energy
consumption predicting, the heterogeneity contribution
on China and India (USA) among E-7 (G-7) countries is
the largest. Additionally, for the nonrenewable energy
consumption predicting, the contribution on India and
Russia (France and Canada) is relatively consistent in E-7
(G-7) countries. For renewable energy consumption pre-
dicting, the contribution on Japan and Canada is rela-
tively consistent in G-7 countries. Especially, after 2007
(2010), the heterogeneity contribution of PSAV on nonre-
newable energy consumption predicting among E-7 (G-7)
countries increased. After 2014, the heterogeneity contri-
bution of PSAV on renewable energy consumption pre-
dicting among E-7 countries increased.

The contribution of GE on nonrenewable (renewable)
energy consumption predicting among E-7 and G-7 coun-
tries is heterogeneous. For the nonrenewable energy con-
sumption predicting, the heterogeneity contribution on
China (Italy) among E-7 (G-7) countries is the largest.
For renewable energy consumption predicting, the het-
erogeneity contribution on China (USA and France)
among E-7 (G-7) countries is the largest. Additionally, for
the nonrenewable (renewable) energy consumption pre-
dicting, the contribution on Russia and Turkey
(Indonesia, Mexico, and Turkey) is relatively consistent
in E-7 countries. Especially, after 2006, the heterogeneity
contribution of GE on nonrenewable energy consump-
tion predicting among E-7 and G-7 countries increased.
From 2005 and 2009, the heterogeneity contribution of
GE on renewable energy consumption predicting among
G-7 countries is the largest.

FIGURE 10 The contribution of each indicator of worldwide governance on renewable energy consumption predicting among G-7

countries. CC, control of corruption; GE, government effectiveness; PSAV, political stability and absence of violence.
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The contribution of CC on nonrenewable (renewable)
energy consumption predicting among E-7 and G-7 coun-
tries is heterogeneous. For the nonrenewable (renewable)
energy consumption predicting, the heterogeneity effect
on China (USA) among E-7 (G-7) countries is the largest.
Additionally, for renewable energy consumption predict-
ing, the contribution on England and Canada is relatively
consistent in G-7 countries.

In summary, the heterogeneity contribution of each
indicator of worldwide governance on nonrenewable
(renewable) energy consumption predicting is significant.
Compared with other E-7 countries, China (Russia; India;
and Indonesia) has the biggest difference in the impact of
VOA, renewable energy consumption, PSAV, GE, and CC
(ROL; ROL; and renewable energy consumption and
PSAV) on nonrenewable energy consumption predicting;
compared with other E-7 countries, China (India; Brazil;
and Indonesia) has the biggest difference in the impact of
VOA, renewable energy consumption, PSAV, GE, and CC
(ROL and PSAV; ROL; and renewable energy consump-
tion) on renewable energy consumption predicting; com-
pared with other G-7 countries, USA (England; Japan; and
Italy) has the biggest difference in the contribution of
VOA, renewable energy consumption, PSAV, and CC
(VAO and ROL; PSAV; and GE) on nonrenewable energy
consumption predicting; and compared with other G-7
countries, USA (England and France) has the biggest dif-
ference in the impact of VOA, renewable energy consump-
tion, PSAV, GE, and CC (VOA and GE, respectively) on
renewable energy consumption predicting. However, for
nonrenewable energy consumption predicting, the contri-
bution of ROL (renewable energy consumption; PSAV;
and GE) in China, India, and Brazil (Russia and India;
Russia and India; and Russia and Turkey) is relatively
consistent in E-7 countries; for renewable energy con-
sumption predicting, the contribution of GE in Indonesia,
Mexico, and Turkey is relatively consistent in E-7 coun-
tries; for nonrenewable energy consumption predicting,
the contribution of VOA (ROL; renewable energy con-
sumption; and PSAV) in Germany and England (Japan
and France; Japan, England, and Canada; and France and
Canada) is relatively consistent in G-7 countries; and for
renewable energy consumption predicting, the effect of
ROL (PSAV; GE; and CC) in Germany and Canada (Japan
and Canada; USA and France; and England and Canada)
is relatively consistent in G-7 countries.

4 | CONCLUSION AND POLICY
IMPLICATIONS

This research fully explores the relationship between gov-
ernance quality and energy consumption. A novel set of

governance qualities is offered in the first systematically
empirical exploration on the prediction of energy con-
sumption by explainable machine learning method
across E-7 and G-7 countries from 1996 to 2019. The
research framework reconciles divergent views on
the role of governance quality and aims to report helpful
conclusions regarding government and energy consump-
tion structure.

Main findings report that the role of governance qual-
ity on energy consumption predicting in E-7 or G-7 coun-
tries is different. On the one hand, the impact of each
indicator of governance on energy consumption predict-
ing varies considerably over time. Especially, the trend of
contribution among each indicator of governance varies
enormously. On the other hand, the contribution of each
indicator on energy consumption predicting in different
countries varies greatly. Especially, the difference is evi-
dent across different indicators of governance effect on
energy consumption predicting in E-7 or G-7 countries.
Therefore, the heterogeneity for the contribution of gov-
ernance on energy consumption predicting about both
each indicator of governance and each country in E-7 or
G-7 countries exists. Therefore, notably, our paper adds
to researches on energy consumption predicting and
argues that governance can emerge as a valuable tool to
optimize energy consumption structure.

Our study has several recommendations. First, the
heterogeneity contribution of governance on energy con-
sumption predicting indicates the different governance
strategies on energy consumption predicting in E-7 and
G-7 countries. Achieving the targets set about CO2 emis-
sions and addressing the environmental externalities,
renewable energy consumption should be improved
among countries around the world. What is more,
increasing the proportion of renewable energy consump-
tion predicting would not affect economic progress.
According to the research findings of the article, it can be
achieved by encouraging building governance system and
strengthening policy implementation. It is important to
mention here that governance strategies should be in
synergy with the specifics of the country itself, such as
different stages of energy consumption; it is necessary to
take matching tools and adjust the governance policy
intensity correspondingly. Second, policymakers can take
appropriate initiatives to disseminate information about
the destructive effects of nonrenewable energy consump-
tion and make customer-friendly policies for companies
and organizations to employ renewable energy. It is best
for governments to provide corresponding freedom and
democracy environment, such as opening supervision
management information system, advocating freedom of
speech, and encouraging sharing of information. The pol-
icymakers can make regulations to enhance social
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stability and avoid politically motivated violence, includ-
ing terrorism.

However, this research is subject to certain limita-
tions. First, this study examines the isolated predictive
power of governance quality on renewable and nonre-
newable energy consumption yet omits an exploration of
combined index in analyzing the energy transition. Previ-
ous studies have pointed out the independent effector of
governance quality on energy consumption. However,
limited attention has been given to examining how these
factors interact and influence energy consumption. Sub-
sequent research could analyze that how distinct factors
combination of governance quality on energy consump-
tion, adopting a configurational approach. Second, this
study constructs a systematic framework to elucidate the
influence of governance quality on renewable and nonre-
newable energy consumption. Subsequently, prospective
investigations could employ integrated approach to assess
mediation encompassing different index of governance
quality. Given the diverse dimensions and attributes of
governance quality, forthcoming research could explore
mediation mechanisms through path analysis. Third,
future studies could consider increasing the sample size by
including more countries to obtain more comprehensive
and novel results. Additionally, incorporating other factors
that influence energy consumption can provide a more
comprehensive understanding of the relationship between
governance quality and energy consumption. As for the
method, this paper proposes a decision framework based
on interpretable machine learning to explore the relation-
ship between governance quality and energy consumption.
However, the accuracy of the fitted model has a significant
impact on the calculation of contributions. Therefore,
future research could explore regression models with bet-
ter performance for fitting the relationship between the
two variables. Moreover, alternative interpretable machine
learning methods could be explored to validate and com-
pare the robustness of the results.
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