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A B S T R A C T   

Energy efficiency, commonly interpreted as the ratio of output of performance, service, goods or energy, to input 
of energy, is of critical importance for reducing dependence on oil, controlling greenhouse gas emissions from 
fossil-fuel combustion and mitigating environmental damages in order to achieve a sustainable global energy 
system. In this paper, for the first time to the best of our understanding, we measure the (hidden) preferences for 
energy efficiency and capture their impacts on energy conservation in a panel of ASEAN countries, China and 
India (in short, the ACI nations) from 1985 to 2020. We apply the state-space models to estimate country-specific 
preferences for energy efficiency as a latent variable and then explore their impacts on the demand for renewable 
energy using an efficient generalised method of moments (GMM) estimator for the panel of chosen countries. We 
find strong evidence that intensities of preferences for energy efficiency increase the demand for renewable 
energy in ACI nations. In an extension of our study, we replicate our analysis for leading European Union (EU) 
nations using clean energy to arrive at interesting comparative insights. We gain further insights into the un-
derstanding of how structural breaks can influence the impacts of preferences for energy efficiency on the de-
mand for renewables for ACI nations.   

1. Introduction 

Energy efficiency is usually defined as the ratio of output of perfor-
mance, service, goods or energy, to input of energy (see Ref. [18]).1 In an 
early work [55], highlighted the role of innovations in energy-saving 
technology as one of the major drivers of energy efficiency with signif-
icant impacts on the ecological footprints of economic activities.2 

Experimental studies have documented the role of preferences and 
ideologies in energy conservation since “nudges”, or low-cost persuasion 

strategies, are found highly effective in encouraging households, busi-
nesses and other energy users – with stronger preferences for energy 
efficiency - to reduce their carbon footprints by suitably altering their 
own behaviour (see Refs. [16,39] among others). 

It is imperative to note that energy conservation implies efforts at the 
household, or business, level to reduce carbon footprints of the unit in 
question (see Ref. [38]). Yet the motivation of households, businesses 
and other energy users to adopt investments in energy efficiency is still 
unclear (see Ref. [28]). The recent literature acknowledges the difficulty 
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shankar@anu.edu.au (S. Shankar).   
1 It is imperative to spell out the clear difference between energy efficiency and energy productivity at the outset: while energy productivity measures the GDP per 

unit of energy output - energy intensity was used as a preliminary measure of energy efficiency. Having noted the weakness of using energy intensity as a measure of 
energy efficiency [4,73], - among others - applied the technical efficiency measures to capture energy efficiency of a country as the ratio of their actual energy use to 
the minimum required energy use derived from an efficiency frontier analysis.  

2 Energy efficiency and conservation are the major tools in the reduction of environmental impacts and ecological footprints of the energy sector, particularly with 
regard to climate change ([15,17,19,25]). Innovation is a primary driver of energy efficiency and there are two main approaches to estimate the effect of envi-
ronmental policy on innovation (see Ref. [35]: first, many studies use pollution abatement control expenditures (PACE) as a proxy for environmental regulatory 
stringency for estimating this effect (see Ref. [35]). Secondly, other studies estimate the relationship – initiated by Ref. [46] - between prices and innovation, with the 
implicit link that more stringent environmental policy raises prices. 
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of nudging households, businesses and other energy users to adopt the 
right behaviour for using renewable energy to promote energy efficiency 
and sustainability (see Ref. [8]). 

It is customary to assume that renewable energy sources, e.g., hy-
dropower schemes, have little or no (adverse) environmental conse-
quences. This assumption drove a global proliferation of such 
technologies (see Ref. [79]) [79]. highlighted how such projects can 
have (adverse) ecological consequences. Both policy-makers and other 
stakeholders are now aware of the (potential) long-term ecological 
harms from renewable projects. Such awareness can also influence the 
(cultural) preferences for energy efficiency (see Ref. [79]). During the 
last few decades, public perception has shifted towards renewable en-
ergy sources as the public support for energy efficiency - as a mitigation 
strategy to tackle climate change - has gained momentum (see 
Ref. [80]). Consequently, measurements of preferences for energy effi-
ciency and their impacts on renewables have become an important area 
of research: a handful of papers applied experimental and survey-based 
studies to extract the preferences for energy efficiency and their impacts 
on individual choices [see Refs. [80,81]). Ours will be the first attempt 
to extract preferences for energy efficiency from macroeconomic data 
(and not from surveys or experimental data) and examine their impacts 
on the adoption of renewable energy at the country level. 

Energy efficiency depends on energy prices and preferences for en-
ergy efficiency (see Refs. [4,8,73]). Despite the importance of prefer-
ences for energy efficiency as a crucial determinant of energy efficiency, 
little progress has been made to quantitatively extract such preferences 
and their impacts on energy efficiency.3 By applying the state space 
modelling, we will seek to capture, for the first time – to the best of our 
understanding, preferences for energy efficiency and measure impacts of 
such preferences on energy efficiency. At the global level, for tackling 
the global environmental degradation and costs of climate change, en-
ergy efficiency is of utmost importance for the emerging economies of 
Asia (see Refs. [35,68,78]).4 

However, attempts at improving energy efficiency are often consid-
ered ineffective as energy demand seems to grow unbridled in many 
countries. For instance, despite enacting and implementing a number of 
policies to optimise the energy consumption, the consumption of fossil 
fuel and emission arising from it have significantly increased in China 
over recent years ([14,30]). The demand for energy at the country level 
depends on the energy intensity as well as the size of its GDP. Energy 
poverty even in developed nations creates further barriers to improving 
energy efficiency (see Ref. [33]). 

Ceteris paribus, an increase in GDP will increase the production and 
the consumption in an economy and, hence, its use (demand for) of 
energy. The intensity of energy use is a critical factor for lowering the 
demand for energy in an economy. Both energy prices and structural 
shifts in an economy can moderate the growth in energy demand: in 
their work [63] highlight that rising energy prices lower the energy 

intensity in most countries so that the dematerialization hypothesis 
should be rejected when prices are taken into consideration. 

The role of energy prices, which partly promotes greater efficiency of 
processes and structural shifts, is supported by the work of [46]. On the 
other hand [77], found that energy efficiency is not the major force 
behind energy intensity, as the structural shifts in the economy are the 
sources of declining energy intensity. The so-called energy efficiency 
paradox (or energy efficiency gap) is the observation that, although 
energy efficiency seems to accord strong economic and environmental 
advantages, yet the level of investment in energy efficiency fails to be 
adequate (see Ref. [35]). There are two extreme positions for explaining 
the rationale for underinvestment in energy efficiency: first, it has been 
recognised that energy markets are rife with failures that drive under-
investment in energy efficiency by households (see Ref. [13]). It has also 
been argued that investments in energy efficiency are lumpy and risky 
([28]) - due to uncertainty about energy savings, volatility in energy 
prices and some elements of irreversibility of the investment. As 
households are risk-averse, they tend to choose risk-adjusted optimal 
investments (see Refs. [3,16,27]). 

Most of the studies on the industrial energy demand follow the work 
of [10] and concentrate on the factor substitution model and, subse-
quently, inter-fuel substitution models. However, these models, which 
are based on a ‘strict’ neoclassical production and cost structure and 
normally represented by the translog function, are often at odds with the 
data and, as [76] states, the results from such models are “based mainly 
on intuition and thus incorrect” (p.23). More recently since 1990s a few 
studies have used a single equation approach often with a constant 
elasticity of demand (linear in logs) function. This procedure has 
become standard in energy demand estimation given its simplicity, 
straightforward interpretation and limited data requirements and, as 
noted by Ref. [58], it generally outperforms more complex specifications 
across a large variety of settings. 

In this work, we highlight the role of preferences for energy effi-
ciency in the determination of renewable energy demand. Following the 
work of [70–72], one might like to label preferences for energy effi-
ciency as “energy culture” shaping and driving consumer behaviour. In 
other words, such preferences could possible reflect the “social norms, 
materials artifacts and energy practices” of the prevailing culture. 
However, since culture is a highly complex phenomenon, we don’t try to 
reduce preferences for energy efficiency as social preferences dictated by 
socio-cultural norms.5 

In this paper, as one of our main innovations, we posit that prefer-
ences for energy efficiency are latent or unobserved variables. Since 
unobserved preferences are difficult to quantify, the measurement of 
such impacts of preferences upon energy demand is an arduous task. We 
apply the state space methodology to offer a baseline model for 
extracting (unobserved) preferences for energy efficiency, which will in 
turn enable us to examine their impacts on the demand for renewable 
energy. 

The rest of the paper is organized as follows: Section 2 provides a 
brief literature review. Section 3 discusses models and data. Section 4 
summarises empirical findings for the ACI nations. Section 5 replicates 

3 In economics-as opposed to physics in which facts can be isolated in the 
laboratory – the historical “facts” are complex phenomena driven by several 
causal factors. These economic phenomena require a scientific explanation 
though they cannot be isolated or used in the laboratory to verify or falsify any 
underlying law. In economics, axioms characterise the human decision-making 
or choices and the validity of the axioms confirms the consequences that can be 
logically deduced from the axioms. In the existing literature, the work of [56] 
utilised questionnaire-based surveys to infer the preferences of surveyed in-
dividuals for renewable energy projects. As opposed to the survey and experi-
mental methodologies, we extract the preferences for energy efficiency directly 
from the observed choices and not from preferences obtained from surveys or 
structured experiments. Both experiments and surveys, like physics, seek to 
create quasi labs in which preferences are directly observed from questionnaires 
and individual characteristics are then utilised to explain such preferences.  

4 With a combined population of 3.15 billion and intraregional annual trade 
amounting to $1 trillion, the ACI nations are and will remain a major user of 
energy in future days (see Ref. [7]. 

5 Culture is widely recognised as an important determinant of an individual’s 
preferences, wants and behaviour in modern economics (see Ref. [47]). In the 
context of marketing studies, it is well-established that culture and social fac-
tors have particularly important impacts upon buying, or consumer, behaviour. 
In this context [48], has defined culture as “the whole that includes knowledge, 
beliefs, morals, customs, and any other capabilities and habits acquires by the 
humans as members of society.” Culture is a multidimensional concept and, 
hence, encompasses various social facets that influence individuals’ thought 
processes and their economic behaviours. It is important to stress that culture 
not only influences preferences, but also shapes the mechanism that individuals 
choose to make economic decisions (see Ref. [1], and also how individuals 
perceive the world around them (see Ref. [12]). 
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the analysis for seven EU nations with a strong track-record in clean 
energy. Section 6 analyses impacts of structural breaks in the prefer-
ences for energy efficiency on the demand for renewable energy for both 
ACI and EU nations. Section 7 offers concluding comments and policy 
implications. 

2. Background literature 

The benefits from energy efficiency are intrinsically associated with 
the fact that people have derived demand for energy as they do not 
consume energy per se for the sake of deriving direct enjoyment and, 
instead, seek to use energy services for consumption and production of 
other goods and services (see Ref. [4]). Thus, energy efficiency calls 
forth a lower use/consumption of energy for providing the same level of 
energy services (see Refs. [4,73]). Enhancing energy efficiency lowers, 
ceteris paribus, the demand for energy and is an important measure 
against anthropogenic sources of climate change (see Refs. [16,28,76]). 
The key question for us in this study is to assess whether preferences for 
energy efficiency can be extracted from macroeconomic data for 
establishing that such preferences do matter for enhancing energy effi-
ciency as observed by Ref. [3] and others in experimental settings.6 

Our basic intuition in this work is similar, in spirit, to what has been 
observed in the context of some important economic decisions: as an 
important example, it is fairly well-established that attitudes towards 
work and leisure– like unseen preferences for energy efficiency – vary 
across nations causing non-trivial variations in economic growth across 
nations (see Ref. [57]). Such variations in preferences for energy effi-
ciency can cause significant variations in energy efficiency across na-
tions. This leads to a natural question: how important are preferences for 
energy efficiency for conservation and energy security? 

The European Union has expressed its commitment to energy effi-
ciency by “doing more with less” (see Ref. [21]). The European Union 
(EU) also seeks to devise a European strategy for a maintaining a reli-
able, competitive and sustainable energy supply ([22]). In many pro-
posals related to what is known as the Climate Action Program, energy 
efficiency plays a pivotal role with regards to the EU objectives on 
climate change ([23]). In 2020 the US Senate has accorded an un-
equivocal importance to energy efficiency for tackling challenges from 
climate change (see Ref. [76]). 

The energy policies have been shaped by a growing number of 
important studies on the factors, or determinants that influence energy 
efficiency and conservation. For instance, in an early study [50], applied 
a model of panel cointegration to find positive impacts of income (GDP) 
on demand for oil in the Middle East. [51], using a bootstrapped cau-
sality test for 30 OECD countries, noted that the real GDP growth boosts 
electricity consumption in the UK, Korea, Finland, Hungry, Iceland and 
the Netherlands while no such relationship is found for other countries 
[64]. applied the panel cointegration analysis to argue that increases in 
real GDP per capita and emissions of CO2 lead to increased consumption 
of renewable energy in emerging countries while oil price increases 
dampen the use of renewable energy. Similar findings are also reported 
in Ref. [65] for G7 countries during 1980–2005. 

In an interesting study [43], - using the panel regression methodol-
ogies - contradicted some of the above results as they incorporated the 
impacts of political, sociological and country-specific factors on 
renewable energy consumption. They noted that both increased 
lobbying efforts from the fossil fuel sector and CO2 emissions lower 
renewable energy consumption for a panel of 24 European countries 
over the 1990–2006 period. In this study, they also argue that a 
reduction in energy self-sufficiency boosts renewable energy 
consumption. 

The positive effect of GDP growth on renewable energy consumption 
is also found in a vector autoregressive model used by Ref. [45] for the 
US economy. [6], using a panel of six central American countries and 
applying the methodology of panel cointegration, noted that increases in 
GDP growth led to increased reliance on renewables. In an earlier study, 
using a multivariate analysis [5], examined the relationship between 
real GDP, demand for renewable energy, real gross fixed capital for-
mation and size of the labour force for 20 OECD countries during 
1985–2005. The heterogeneous panel cointegration test confirmed a 
long-run equilibrium relationship between real GDP vis-à-vis renewable 
energy consumption, real gross fixed capital formation, and labor force. 
The coefficients were found to be positive and statistically significant. 
Depending on the error correction model, bi-directional causality was 
also noted between economic growth and consumption of renewable 
energy both in the short-term and the long-term. Economic growth and 
real gross fixed capital were found to have positive and statistically 
significant impacts on renewable energy consumption. More recently 
[3], – using a panel of nine African countries – highlighted that the 
depletion of energy resources and increases in energy-related carbon 
emissions had boosted the demand for renewable energy. Impacts of 
various macroeconomic factors on energy efficiency and conservation 
have also been identified [66]: Salim and Shafiei (2014), in a panel of 
OECD countries and using a STIRPAT model, noted that the total pop-
ulation, per capita GDPs, industrialisation, and shares of services sector 
in GDP increase renewable energy consumption while rates of urbani-
sation and population densities did not impact. [10], in a case study of 
China and using the ARDL technique, discovered that economic growth 
positively contributed to coal, oil and renewable energy demand; that 
both coal and oil price increases were positively associated with a higher 
demand for renewable energy. In contrast [62], found that the causality 
usually runs from energy consumption to economic growth in case of 
China. However [69], argued that an analysis only at the disaggregate 
level of energy demand can provide important information about 
different types of energy use and their impacts on the economy. 

However, none of the above studies has captured or used preferences 
for energy efficiency in the determination of renewable energy con-
sumption. Our study seeks to fill the gap by capturing impacts of pref-
erences for energy efficiency on the renewable energy demand from the 
data, which can - in turn - explain the observed differences in renewable 
energy consumption across nations. Some of the ASEAN nations - Brunei 
Darussalam, Cambodia, Laos, Myanmar, Philippines and Singapore - are 
not covered in the core empirical analysis due to their lack of consistent 
data on electricity production from three energy sources. 

3. Variables, models and data for the ACI nations 

We analyse the impacts of unobserved preferences for energy effi-
ciency on the demand for renewable energy in case of four (4) ASEAN 
countries (Indonesia, Malaysia, Thailand, and Vietnam), and China and 
India (henceforth, ACI nations). The analysis in our paper proceeds in 
two interlinked stages: i) In the first stage, unobserved preferences for 
energy efficiency indices are derived as latent variables using official 
statistics on energy uses, energy prices and several macroeconomic 
variables for the eight ACI nations over the period of 1985–2020. These 
measures are indicators of preferences for energy efficiency with sig-
nificant implications for energy conservation. In other words, these 
preferences will reveal the long-term preferences towards the utility of 

6 See Footnote 3. To avoid any potential misunderstanding of our method-
ology, we like to highlight the fairly-known misconception built around the 
interpretation of subjective value theory in economics [74]. labelled the early 
attempt of economics to build the subjective value theory in economics as a 
‘tautology’. In 1915 Irving Fisher postulated that “each individual acts as he 
desires” and hence one’s choices will demonstrate one’s preferences (see 
Ref. [32]) [74]. put eloquently: “each individual acts as he acts” without a 
validity (see Ref. [32]). Since the advent of the theory of revealed preference, as 
[67] argued, there is no tautology if there is an underlying preference scale that 
remains invariant over time. The main weakness is the invariance of the pref-
erence scale of relevant decision makers over time and not the preferences. In 
the choice theory this invariance is explained on the ground of consistency of 
choices. 
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the conservation of energy in a country. ii) In the second stage the 
generalised methods of moments (GMM) estimators are employed to 
examine the impacts of extracted/derived preferences for energy effi-
ciency on the demand for renewable energy. To the best of our knowl-
edge this is the first attempt in the literature to extract the preferences 
for energy efficiency and measure their impacts upon energy demand 
and, thereby, energy efficiency. Preferences for energy efficiency are 
unobservable factors, which in the current study are estimated by the 
state-space models (SSM) – see Footnote 2 and Footnote 3 for further 
details. The estimated preferences indices are then plugged into a 
renewable energy demand model to identify their influences. 

3.1. Step 1: state-space modelling to capture hidden preferences for energy 
efficiency 

Since distributions of natural resources and mining technologies vary 
across countries, countries have diverse incentives and abilities to target 
energy efficiency. It is hence advisable to use disaggregate data on en-
ergy sources, namely, coal, natural gas and oil, to individually derive the 
indices of preferences for energy efficiency. The following state space 
model (SSM) is employed to derive the preferences for energy efficiency: 

preft =Apreft− 1 + BΔln pricet + Cεt (1a)  

Δln ept =Dpreft + FΔln pcgdpt + Gνt (1b)  

where preft is a vector of unobserved state variables - representing the 
preferences for energy efficiency; Δlnpricet is a vector of exogenous 
variables, representing first difference of natural logarithmic prices of 
coal, natural gas and oil ($), Δ ln pricec

t , Δ ln priceg
t and Δ ln priceo

t ; Δln ept 
is a vector of observed endogenous variables, representing first differ-
ence of the natural logarithmic transformation of the share of electricity 
production from three energy sources (without decimals) - Δ ln epc

t , 
Δ ln epg

t and Δ ln epo
t from coal, gas and oil respectively. Note that Δln 

pcgdpt is an exogenous variable, representing per capita GDP; and A, B, 
C, D, F and G are parameters. In the above model, the equation for preft is 
known as the state equation, and the equation for Δlnept is the obser-
vation equations. The error terms are assumed to be of zero mean, 
normally distributed, serially uncorrelated, and uncorrelated with each 
other. 

The SSM uses the Kalman filter and diffuse Kalman filter to recur-
sively obtain conditional means and variances of both the unobserved 
states (given by the preference equation) and the measured dependent 
variables (given by the vector of observed endogenous variables in 
equation (1b)) that are used to compute the likelihood. The model is 
estimated with the quasi-maximum likelihood (QML) estimator, which 
drops the normality assumption and is consistent and asymptotically 
normal when the model is stationary. Using the price and production 
data (on coal, natural gas and oil), preferences are individually derived 
from the above SSM. Thus, we label preferences derived using the coal 
data as prefc; preferences derived from the natural gas data as prefg; and 
preferences derived from oil data as prefo. The diffuse Kalman filtering is 
performed in two stages: the first stage initialises the model so that it can 
subsequently be filtered in the second stage using the standard Kalman 
filter. In the initialisation stage all initial filtered states are set to zero, 
and then the vector of initial filtered states is augmented with the 
identity matrix. After a sufficient number of periods, the precision 
matrices become non-singular. That is, the diffuse Kalman filter uses 
enough periods at the beginning of the series to initialize the model. One 
can consider this period as pre-sample data. The second stage com-
mences when the precision matrices are non-singular. 

3.2. Step 2: the demand for renewable energy 

The following demand for renewable energy model is employed to 
assess impacts of preferences for energy efficiency, along with other 

variables: 

ln renewit = β0 + β1

∑K

k=1
Xk,it + ρprefit + uit (2)  

where ln renew is renewable electricity output (% of total electricity 
output, natural logarithm); pref is preference indices, using prefc, prefg 

and prefo, one at a time; X is a vector of control variables including: 
lnpcgdp, per capita GDP at 2010 constant prices ($, natural logarithm); 
lnprice, energy prices ($, natural logarithm); lndensity, population den-
sity (persons per square kilometer, natural logarithm); and lntrade, ex-
ports and imports relative to GDP (%, natural logarithm). It is also 
imperative to note that ρ measures the semi-elasticity of renewable 
energy following a change in preferences. On the other hand, βi mea-
sures the elasticity of renewable energy use in response to changes in the 
control variables. In the estimation, we have chosen the trade-to-GDP 
ratio as the endogenous variable since international trade is often used 
by countries to impact pollution. Hence, the use of renewable energy - 
since it lowers pollution –can impact on the trade-to-GDP ratio, ceteris 
paribus. There is a large literature on the role of trade [82–84]: argue 
that international trade lowers (CO2) emissions since it allows countries 
to transfer polluting industries to other countries. Furthermore, 
increasing uses of renewable energy reduces the need to use trade to 
transfer polluting industries overseas. Thus, there is a possibility of 
endogeneity between trade and renewable energy use. To overcome the 
possible endogeneity, we will use lntrade (trade-to-GDP ratio) as an 
endogenous variable in the estimation of equation (2). 

3.3. Data 

Given the availability of data on three types of energy sources, the 
sample in the current study covers six ACI nations, including four 
ASEAN nations (Indonesia, Malaysia, Thailand, and Vietnam), China 
and India. Sample period used in the SSM analysis covers 1985–2019, 
and sample period used in the analysis of the demand for renewable 
energy covers 1986–2019. Data on prices of energy sources are obtained 
from IMF database, data on electricity generation from energy sources 
are from BP Statistical Review of World Energy, and the rest are sourced 
from World Development Indicators (WDI) (see Table 1). 

4. Findings 

The QML estimation of the SSM yields country- and energy source- 
specific - indices of preferences for energy efficiency, which are sum-
marized in Tables 2–4. It is evident that, out of the three sources of 
electricity production, use of oil sources in general yields highest 
average preferences for energy efficiency, while the use of natural gas 
sources generates lowest average preferences. It should be noted that 
preferences vary with time. 

For preferences for energy efficiency from coal sources, Vietnam has 
the highest preferences for energy efficiency, followed by Indonesia, 
Malaysia, India, Thailand, and China. From the natural gas data, it is 
found that China has the highest preferences for energy efficiency, fol-
lowed by India, Indonesia, Vietnam, Malaysia and Thailand. From the 
oil data, we find that Thailand has the highest preferences for energy 
efficiency, followed by Malaysia, Indonesia, China, India and Vietnam. 
The maximum value of energy efficiency for a country indicates its 
highest intensity of preference for energy efficiency for the chosen years 
extracted from one of the three sources of electricity from fossil fuels. 
The minimum value, in an analogous fashion, gives the lowest intensity 
of preference for the country for the chosen years. 

Equation (2) is estimated with GMM estimators, using the preference 
indices as endogenous and instrumented by the first three lags of the 
changes in the preference indices. GMM (regression) results are sum-
marized in Table 5, which gives us the following picture: 

First, increases (decreases) in internationalization, given by lntrade, 
increase (decrease) the demand for renewable energy – the effect is 
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statistically significant for all models. International trade creates op-
portunities for households and businesses to acquire better technologies 
in terms of energy intensity through cross-border exchanges. In the 
absence of trading relations, households and businesses will have 
limited opportunities to invest in energy efficiency investments even if 
they want to invest in such projects. Improvements in trade might also 
motivate businesses to explore alternative energy sources as a means to 
reduce their cost of production and vulnerabilities from traditional en-
ergy price shocks. Secondly, improvements (deterioration) in the stan-
dard of living or purchasing power, measured by lnpcgdp, will reduce 
(increase) the demand for renewable energy – the effect is statistically 
significant across all models. This finding might be due to the income 
effect causing a known shift the demand for energy from the traditional 
sources. The effect of changes in population density (lndensity) is not 
clear as it varies across models: this effect is not statistically significant 
except for Model 2. Thus, the population density-to-demand for 
renewable energy nexus is not statistically evident in the third regres-
sion. Fourthly, energy prices contribute positively to the increase in 
demand for renewable energy, though the price of natural gas is nega-
tively associated with demand for renewable energy for one model 
(Model 1). 

Finally, turning to the impacts of preferences on the demand for 
renewable energy, we note the following: both prefc and prefg bear 
positive relationships with the demand for renewables though the effects 
are not statistically significant for prefc. What it means is that users of 
energy (produced from coal and gas sources) find renewable sources as 
close substitute and increase their use/demand for renewables. On the 
other hand, the effect of prefo, though statistically significant, is exactly 
the opposite. The users don’t find renewables as close substitutes to oil 

Table 1 
Definitions of variables and acronyms.  

lntrade: Natural Logarithmic Transformation of Trade-To-GDP Ratioa 

lnpcgdp: Natural Logarithmic Transformation of Per Capita GDP at Constant US Dollar 
lndensity: Natural Logarithmic Transformation of Population Densitya 

lnrenew: Natural Logarithmic Transformation of Share Electricity from Renewablesa 

lnepc: Natural Logarithmic Transformation of Share of Electricity Produced from Coala 

lnepg: Natural Logarithmic Transformation of Share of Electricity Produced from Gasa 

lnepo: Natural Logarithmic Transformation of Share of Electricity Produced from Oila 

lnpricec: Natural Logarithmic Transformation of Price of Coal 
Δlnepc × Δlnepg 

lnpriceg: Natural Logarithmic Transformation of Price of Gas 
lnpriceo 
Δlnpricec × Δpriceo 

lnpriceo: Natural Logarithmic Transformation of Price of Oil 
Δlnpriceg × Δlnpriceo 

pref c: Preferences for Coal 
pref g: Preferences for Gas 
pref o: Preferences for Oil 
strbrc: Structural break in pref c 

strbrg: Structural break in pref g 

strbro: Structural break in pref o 

CHN, IND, IDN, MYS, THA, VNM: China, India, Indonesia, Malaysia, Thailand and 
Vietnam. 
Thailand 

GER, BEL, FRA, DEN, NED, SWE: Germany, Belgium, France, Denmark, Netherlands, 
Sweden. 

Note. 
The macroeconomic data is collected from the World Bank data sources. The 
price and energy use data collected f. 

a For percentages, logarithmic transformation is taken of the variables without 
the decimals. 

Table 2 
Preferences for energy efficiency based on electricity production using coal sources, prefc.  

Period China India Indonesia Malaysia Thailand Vietnam 

1986–1990 7.629 8.759 13.769 25.572 9.428 12.137 
1991–1995 8.101 9.571 13.857 16.676 9.269 15.757 
1996–2000 7.879 9.766 14.750 10.315 9.431 15.408 
2001–2005 7.937 10.082 15.256 10.547 9.698 15.686 
2006–2010 8.429 10.345 15.520 11.900 9.853 16.075 
2011–2015 7.785 10.526 15.409 8.844 9.642 16.020 
2016–2019 7.828 10.656 15.741 7.656 9.652 16.027 

Note: In SSMs to estimate indices of preferences for energy efficiency for the chosen Asian countries, energy prices are countries-invariant US energy prices. 

Table 3 
Preferences for energy efficiency based on electricity production using natural gas sources, prefg.  

Period China India Indonesia Malaysia Thailand Vietnam 

1986–1990 0.186 0.273 0.036 0.122 0.088 − 0.023 
1991–1995 0.109 0.120 0.322 0.127 0.029 0.135 
1996–2000 0.228 0.078 0.033 0.068 0.092 0.158 
2001–2005 0.161 0.070 0.018 0.010 0.034 0.141 
2006–2010 0.215 0.107 0.050 0.012 0.074 0.047 
2011–2015 0.116 − 0.001 0.029 0.038 0.023 0.017 
2016–2019 0.072 0.018 0.037 − 0.006 0.015 0.016 

Note: In SSMs to estimate the indices of preferences for energy efficiency for Asian countries, energy prices are countries-invariant US energy prices. 

Table 4 
Preferences for energy efficiency based on electricity production using oil sources, prefo.  

Period China India Indonesia Malaysia Thailand Vietnam 

1986–1990 0.035 0.018 0.048 0.086 0.194 − 0.276 
1991–1995 0.111 0.072 0.014 − 0.031 0.081 − 0.144 
1996–2000 0.032 0.094 0.114 − 0.052 − 0.008 − 0.145 
2001–2005 0.046 0.019 0.077 0.082 0.252 − 0.078 
2006–2010 − 0.069 − 0.066 0.029 0.095 − 0.029 − 0.121 
2011–2015 0.000 0.023 0.107 0.257 0.254 − 0.062 
2016–2019 0.093 − 0.013 − 0.062 0.113 0.299 − 0.035 

Note: In SSMs to estimate the indices of preferences for energy efficiency for Asian countries, energy prices are countries-invariant US energy prices. 
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and they possibly look for alternatives like nuclear energy (not consid-
ered in this paper). Our results are encouraging since it is well known 
that even a simple linear Gaussian state space model can cause an under- 
estimation of parameters (see Ref. [9]), though the estimation is robust. 
The diagnostics tests for each model pass the underidentification test, 
weak identification test and Hansen J-test. The endogeneity test shows 
that the chosen ACI nations did not use trade as a means to transfer dirty 
industries overseas (see pp. 13–14 of this paper for further details). The 
centered-R2 is also good. 

One of the main limitations of our approach is that the parameters (of 
preferences for energy efficiency) from the state space methodology, 
though robust, are known to be models, used in the first step, are known 
to be under-estimation ([9]). Despite this limitation, the results (though 
under-estimation) show that such preferences play important roles in 
shaping adoption of renewables and, thereby. Secondly, it is imperative 
to note the second limitation: we could not use the willingness to pay 
(WTP) data since the WTP dataset is available for a few countries and 
only at local levels. Once the WTP data from cross-country surveys will 
accumulate, the WTP data can be used jointly with the macroeconomic 
data - using our two-step methodology-to fully understand the dynamics 
of preferences (for energy efficiency) and their impacts on the demand 
for renewables and the mitigation strategies. 

5. Energy efficiency in the European Union: brief history 

The European Union (EU) climate policy evolved from a multi- 
country environmental policy within an EU-wide legal framework 
commonly known as the Single European Act which came in force in 

1987. Through this specific Act new provisions were created for the EU 
Treaty to deal with climatic challenges, which paved the way for the 
ordinary legislative procedure to protect air quality, water, waste and 
biodiversity in the EU. Since 1987, the EU became the region of our 
globe where most climate policies were experimented and implemented 
and thus the EU became the active learning ground for climate policies 
for more three decades. As a consequence, the EU achieved a 45% in the 
GDP of the 28 member states while emissions went down by 19% during 
1990–2015. By learning and doing, the EU has emerged as the leader in 
deploying energy efficient technologies such as renewable energy (see 
Ref. [26]). In the post 2015 era, the renewable energy Directive sets 
precise rules for the EU to achieve its 20% renewable target by 2020. 
The EU has issued detailed guideposts for EU countries for designing and 
reforming support schemes to promote a further increase in the use of 
renewables to a new target of 27% by 2030. 

The European Commission, by conscious policy designs, created 
seven leaders of clean energy production (see Section 5.1): Germany, the 
United Kingdom, France, Belgium, Denmark, the Netherlands and 
Sweden. We exclude UK because of its departure from EU. It is important 
to stress that these nations undertook huge investments in renewable 
energies under the visible hand of the European Energy Commission 
within the ordinary legislative procedure of the EU. Hence, the dynamics 
of preferences for renewables is meant to be significantly different to the 
experience of the ACI nations since these ACI nations did not have a 
common policy or legal system. Yet, by the end of 2015, some of the ACI 
nations took a significant lead in the production of renewables. In what 
follows, we will replicate the analysis for the afore-mentioned eight EU 
nations and compare their experience with the ACI nations. 

Table 5 
Demand for renewable energy in ACI countries Dependent variable: lnrenew.  

Model (1) (2) (3) (4) (5) (6) (7) 

Explanatory variables Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat 

Lntrade .15** .22*** .14** .22*** .16*** .20*** .20*** 
2.24 3.45 2.03 3.70 2.50 3.23 3.42 

Lnpcgdp -.57** -.37*** -.48*** -.65*** -.55*** -.62*** -.66*** 
− 6.61 − 5.20 − 4.97 − 7.56 − 6.16 − 6.60 − 7.52 

lndensity .03 .32*** .10 -.03 .05 -.06 -.08 
0.35 4.58 0.96 − 0.35 0.54 − 0.61 − 0.90 

lnpricec .28***   1.15*** 1.68***  1.55*** 
3.16   4.42 2.86  2.64 

lnpriceg  -.26***  1.85***  .43 .54  
− 3.70  2.79  0.94 0.53 

lnpriceo   .09  .98* .68*** 1.69*   
1.18  1.72 3.61 1.84 

lnpricec × lnpriceg    -.54***   -.04    
− 3.26   − 0.10 

lnpricec × lnpriceo     -.31**  -.32*     
− 2.12  − 1.78 

lnpriceg × lnpriceo      -.25** -.22      
− 2.00 − 0.93 

pref c .26   .21 .21  .23 
1.10   1.01 0.88  1.14 

pref g  .45**  .66***  .56*** .62***  
2.28  2.81  2.41 2.50 

pref o   -.29  -.27 -.32** -.28*   
− 1.56  − 1.54 − 2.00 − 1.92 

Hansen J stat 0.168 0.009 0.004 0.239 0.144 0.005 0.006 
p-value 0.9194 0.9953 0.9980 0.8872 0.9307 0.9974 0.9972 
Endog test stat 0.698 0.115 0.118 0.363 0.707 0.128 0.007 
p-value 0.4035 0.7346 0.7311 0.5470 0.4005 0.7204 0.9348 
Centered R-sq 0.4712 0.4773 0.4570 0.5490 0.5008 0.5445 0.5676 
Constant 5.42*** 3.48*** 5.20*** 2.90*** .42 5.27*** .39 
Sample countries China, China, China, China, China, China, China, 

India India India India India India India 
Indonesia, Indonesia, Indonesia, Indonesia, Indonesia, Indonesia, Indonesia, 
Malaysia, Malaysia, Malaysia, Malaysia, Malaysia, Malaysia, Malaysia, 
Thailand, Thailand, Thailand, Thailand, Thailand, Thailand, Thailand, 
Vietnam Vietnam Vietnam Vietnam Vietnam Vietnam Vietnam 

Notes: Sample period covers 1986–2019; In GMM estimation, lntrade is assumed to be endogenous and its first three lags are used as instruments; *, **, ***: sig-
nificance at 10%, 5% and 1% level. 
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European Environmental Policy has its roots in the Environmental 
Council held in Paris in 1972: the Environmental Council - anticipating 
forthcoming spikes in economic expansion in Europe – announced the 
need for a community’s environmental policy and charted an environ-
mental action programme. The first Environmental Action Programme 
came into force in 1973 outlining the principles and priorities that will 
guide its policies till 1976. The Single European Act of 1987 introduced 
a new ‘Environment Title’ to lay down the first legal basis for a common 
environmental policy with the aims of preserving the quality of envi-
ronment, securing human wealth and enabling rational use of natural 
resources in Europe. The Treaty of Maastricht in 1993 declared the 
environment as an official EU policy arena. The Treaty of Amsterdam in 
1999 successfully established the duty to integrate environmental pro-
tection into all EU sectoral policies with a focus on the promotion of 
sustainable development. Fighting climate change became the specific 
goal with the Treaty of Lisbon in 2009. As [44] argued, European 
Commission employed path-dependent dynamics to gradually build 
reputation and credibility as a significant international player in the 
energy field. 

While most variables’ data are available over the periods under 
study, preference indices’ data are not available for some EU countries. 
Given this, number of countries used varies across regressions. Data 
availability is summarized in Table 5. 

In Table 6 we summarise the econometric results of the postulated 
seven (7) models. For all models we use the trade-to-GDP ratio as the 
endogenous variable to overcome the possible bias due to the dirty in-
dustry argument (see pp. 13–14 of this paper). 

As Table 6 shows, the diagnostics tests for each model pass the 

underidentification test, weak identification test and Hansen J-test. The 
failure of the endogeneity test shows that the chosen EU countries did 
not use trade as a means to transfer dirty industries overseas (see pp. 14 
of this paper for further details). The centered-R2 is robust. The findings 
are as follows: 

First, there is clear evidence that per capita GDP and population 
density increase the demand for renewables and the effects are statis-
tically significant. The elasticity of renewable energy use is highly elastic 
to the changes in per capita GDP: a 1% increase in per capita GDP results 
in a six-fold increase in the use of renewable energy. However, the de-
mand for renewable energy is highly inelastic to changes in population 
density. Secondly, though trade lowers the demand for renewable en-
ergy use, it is not statistically significant. Thirdly, increases (decreases) 
in the prices (price of coal, price of gas and price oil) are found to 
directly increase (decrease) the demand for renewable energy and the 
effect is statistically significant across all models. To test for nonlinear 
effects of prices on the demand for renewable energy, we also used 
products of prices: all effects are negative implying nonlinearity be-
tween prices and renewable energy use, or demand. However, 50% of 
the models show statistically significant relationship between products 
of prices and renewable energy use. Finally, turning to the energy 
preferences, we find that the preferences for energy efficiency – 
extracted from the gas data - increased the demand of renewable energy, 
however the effects are not statistically significant. For two (2) out of 
three (3) cases, we note that the preferences for energy efficiency, 
extracted from the oil data, have statistically significant (positive) effect 
on the demand for renewable energy. The third model shows a negative 
effect though the effect is not statistically significant. Finally, the 

Table 6 
Demand for renewable energy in EU countries Dependent variable: lnrenew.  

Regressions (1) (2) (3) (4) (5) (6) (7) 

Explanatory variables Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat Coef. z stat 

lntrade − 0.01 − 0.15 − 0.08 − 0.17 − 0.11 − 0.08 − 0.14 
− 0.57 − 1.19 − 0.63 − 1.35 − 0.88 − 0.6 − 1.15 

lnpcgdp 6.06*** 6.08*** 5.82*** 5.86*** 5.73*** 6.39*** 5.72*** 
26.5 24.28 25 21.8 23 26.7 19.95 

lndensity 0.002*** 0.002*** 0.001*** 0.001*** 0.01* 0.0016** 0.0012*** 
5.26 3.98 6.39 5.97 3.7 4.37 3.13 

lnpricec 0.74***   1.28** 1.32 0.71*** 1.01 
5.42   2.38 1.41 5.07 0.90 

lnpriceg  0.64***  3.01***  1.05 3.75*  
7.64  2.51  1.44 1.62 

lnpriceo   0.66***  2.32*** 0.85** 0.32   
8.54  2.56 2.45 0.97 

lnpricec × lnpriceg    − 0.63**   − 1.16*    
− 2.38   − 1.72 

lnpricec × lnpriceo     − 0.38*  0.153     
1.72  0.37 

lnpriceg × lnpriceo      − 0.132 0.28      
− 0.65 1.1 

pref c -.052*   − 0.51 − 0.39  .049 
− 1.67   − 1.47 − 1.17  0.28 

pref g  .040  0.56  .280 .304  
0.29  1.35  1.18 1.05 

pref o   0.65***  0.59** .049 -.008   
3.12  2.91 0.65 − 0.06 

Hansen J stat 1.64 0.42 0.074 0.39 0.032 0.007 3.572 
p-value 0.44 0.80 0.96 0.82 0.98 0.99 0.1677 
Endog test stat 1.12 2.05 0.072 0.006 0.006 0.11 0.056 
p-value 0.29 0.19 0.78 0.93 0.93 0.74 0.81 
Centered R-sq 0.80 0.90 0.82 0.82 0.83 0.83 0.83 
Constant 

Sample countries 
− 69*** 
GER 
FRA 
DEN SWE 
NED 
BEL 

− 66.3*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

− 66.3*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

− 67.3*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

− 67.3*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

− 62*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

− 64.3*** 
GER 
FRA 
DEN 
SWE 
NED 
BEL 

Notes: Sample period covers 1987–2020; In GMM estimation, lntrade is assumed to be endogenous and its first three lags are used as instruments; *, **, ***: significance 
at 10%, 5% and 1% level. 
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extraction of energy preferences from the coal data, gives somewhat 
conflicting evidence: the first model is statistically significant and the 
preferences for energy efficiency seems to have a very small negative 
effect on the demand for renewable energy. All these results are some-
what different from the results for the ACI countries: the critical dif-
ference is for prefo, since the EU users of this energy source find the 
renewable energy as a close substitute. Hence, they increase the demand 
for renewables to improve energy efficiency (as the case is exactly the 
opposite of the ACI economies). We did not find any statistically sig-
nificant effect of the preferences extracted from coal to the demand for 
renewable energy except for Model 1: one possibility is that the use of 
coal in the production of electricity is very small in the chosen countries 
of EU and, hence, the effects are unreliable. The effect in Model 1 is also 
counter to the findings from the ACI nations. 

5.1. The drivers of energy efficiency in EU: policy entrepreneurship 

Following the work of [38], one can argue that successful policy 
entrepreneurship is predicated upon the “coupling” of problem, policy, 
political streams: the problem stream consists of conditions that the po-
litical actors come to recognise as “problems” while the policy stream is 
the collection of potential solutions to overcome these problems. The 
political stream encompasses the specific political developments that 
push the political actors to choose one of the solutions. A coupling takes 
place when a policy window of opportunity opens up – such as a crisis – 
as a trigger for a change. In the context of EU energy policy, the concept 
of policy entrepreneurship was applied by many authors (see Refs. [40, 
48,59]). As [61] argued, the European Commission (EC) actively sought 
to create European networks of energy experts and stakeholders and 
leveraged its informational advantages and stocks of expertise for 
shaping the EU-wide policy debates towards its preferred “frame” (see 
Ref. [41]; pp. 520). The EC successfully framed energy security as a 
critical problem facing the EU as most EU nations became seriously 
dependent on energy imports by the early 1990s ([24]). The massive 
increases in energy prices during the 1990s further catapulted energy 
security to the foreground [42]. noted that the import dependence for 
energy and energy price hikes constituted the problem stream for the EU 
nations. The political stream came in the form of the enlargement of the 
EU against the historical backdrop of a tenuous relationship of older 
members of EU with Russia/USSR. The policy window was created with 
a series of gas supply disruptions that created the fear of future dis-
ruptions. The EC successfully framed energy policy as the central 
problem that calls for supranational governance for a collective solution 
to bolster energy security in EU. 

6. Policy implications of structural breaks in preferences for 
energy efficiency 

There is general consensus in the time series econometric literature 
that data tends to be characterised by structural breaks (see Refs. [50,52, 
53]). An advantage of using the state space analysis is to explore if the 
preferences for energy efficiency have any outliers and experienced 
structural change. The procedure that we choose has been expounded in 
Refs. [20,31]. In a state space model, the residuals associated with the 
state or transition equation are known as auxiliary residuals, which are 
estimators of the disturbances in the unobserved preferences for energy 
efficiency. From the above work, we can extract the auxiliary residuals 
in finding structural breaks. Structural breaks are indicated by large 
absolute values in the disturbances associated with the transition 
equation. We calculate the auxiliary residuals from the model in state 
space form and applying the Kalman filter. The basic methodology is to 
plot the standardized auxiliary residuals. From Ref. [20] we know that 
structural changes are detected when the auxiliary residuals are greater 
than 2 in absolute value. See Ref. [31] for a detailed explanation of this 
procedure. 

6.1. Structural changes in the preferences for energy efficiency for EU 
nations 

The auxiliary residuals for the transition equations of the state space 
model for coal, gas and oil for the chosen EU nations did not show any 
evidence of structural changes in the preferences for energy efficiency. 
This finding is expected for the following reason: since the 1980s the 
European Union (EU) climate policy embodies a multi-country envi-
ronmental policy coordination, which is organized within a common 
legal framework called the Single European Act. Since 1987, the EU 
coordinated and implemented climate policies after active experimen-
tation and learning. Because of the centralized coordination of climate 
policies, it is recognised that EU nations experienced a convergence of 
preferences for energy efficiency. Since we don’t find any evidence, we 
don’t plot the structural changes for the EU nations and move to the ACI 
nations. 

6.2. Structural changes in the preferences for energy efficiency for ACI 
nations 

The ACI nations have not created a centralized mechanism for co-
ordination of their climate policies. It is hence anticipated that prefer-
ences for energy efficiency will have uneven paths for ACI nations. The 
structural changes, as detected by the standardized auxiliary residuals, 
reveal a very interesting picture as Fig. 1 shows the plots of these re-
siduals for the chosen ACI economies for three major sources of energy, 
namely, coal, gas and oil. For the two giants of the ACI economies, from 
Fig. 1, China and India, there is no evidence of any structural changes in 
the preferences for energy efficiency, which implies these nations have 
displayed strong and stable preferences for energy efficiency. By 2015, 
possibly as a result of these strong and stable preferences, both China 
and India have outreached the EU nations as the adopter of clean energy. 
Myanmar also displays somewhat stable preferences for energy effi-
ciency. Indonesia, except for a few rough rides, experienced stable 
preferences within the band of 2 and -2. Malaysia, though experienced 
some instability in early years, shows not much evidence of structural 
changes since 2000. Philippines, on the other hand, experienced many 
structural changes in the preferences for energy efficiency. 

Fig. 1 shows that Thailand and Vietnam both converged on stable 
preferences for energy efficiency especially in the new millennium 
except for some sharp changes in their preferences in the 1980s and 
early 1990s. 

Given structural changes evidenced in the preferences for energy 
efficiency, dummy variables, strbrc, strbrg and strbro, respectively capture 
structural breaks in preference indices, prefc, prefg and prefo. These 
dummy variables are included in Equation (2), and estimation results 
are summarized in Table 7. It is clear that structural breaks in prefer-
ences for energy efficiency don’t impose significant impacts on growth 
of demand for renewable energy in the six ACI nations, with the 
exception that strbro significantly enhances growth of demand for 
renewable energy in the regression which covers Indonesia, Malaysia, 
Thailand, and Vietnam, see Regression (3). More importantly, the other 
findings remain unchanged as those concluded in Table 4. 

7. Conclusion and policy implications 

The preferences for energy efficiency have been examined in a few 
recent studies to unravel their effects on the demand for renewables. 
Such preferences are meant to impact on climate change mitigation 
strategies for reducing greenhouse gas emissions. The extant studies on 
these preferences for energy efficiency rely on the survey and experi-
mental methods to capture such preferences in order to understand the 
effects of these preferences. From surveys and experiments, these pref-
erences are measured by the willingness to pay (WTP) for promoting 
energy efficiency (see Ref. [80], [81). Since survey and experimental 
methods are extremely costly and time-consuming, the key innovation 
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of our paper is to build a model for extracting preferences for energy 
efficiency from easily available country-level data. Our model also 
sought to assess if such preferences have (un)desirable impacts upon the 
use of renewables. 

Our analysis proceeded in two steps: in the first step, using the data 
on the production of energy (electricity) from three alternative sources, 
we captured the willingness of the energy users to reduce their reliance 
on fossil fuels (coal, gas and oil). This step is akin to the extraction of 
WTP from the survey and experimental methods, though our method-
ology derives the preferences from the publicly available data. In the 
second step, like any other model, we applied a standard panel model to 
explore the effects of the preferences for energy efficiency on the use of 
renewables. 

The main intuition of this two-step methodology can be summarized 
as the following question: do households, businesses and other energy 
users consider renewables as an alternative when they are willing to 
promote energy efficiency? If the answer is in the affirmative, then in-
creases (decreases) in the preferences (for energy efficiency) will in-
crease (decrease) the demand for renewables. Otherwise, changes in 
preferences will have no, or even adverse effect, on the demand for 
renewables. 

We found that increases (decreases) in the preferences for energy 
efficiency – extracted from the EU gas data – increased the demand of 
renewable energy, however the effects are not statistically significant. 
For the majority of cases, we noted that the preferences for energy ef-
ficiency, extracted from the oil data, have statistically significant (pos-
itive) effect on the demand for renewable energy in EU. From the 
extracted energy preferences using the coal data, we noted conflicting 
evidence from EU: the first model is statistically significant and 
increased (decreased) intensity of preferences for energy efficiency will 
have a very small negative (positive) effect on the demand for renewable 
energy. Thus, for the majority of postulated models, our results suggest 

that energy users from the chosen EU countries treat renewable energy 
as a credible alternative to electricity from fossil fuels. The two-step 
methodology also derived interesting insights for other control 
variables. 

When we apply our methodology to the ACI nations, we noted some 
key differences: though the EU energy users treated the renewable en-
ergy as a close substitute of oil, energy users in ACI nations went the 
other way. In EU countries, users of energy produced from oil increased 
the demand for renewables for improving energy efficiency. However, 
oil, users in the ACI nations reduced the demand for renewables for 
improving energy efficiency. One possibility is that energy users in ACI 
nations treat fossil fuels as substitutes but not renewable energy. For 
other energy sources from fossil fuels, the differences in responses of EU 
users vis-à-vis ACI users are minimal. For other control variables, the 
effects also differ between EU energy users vis-à-vis energy users from 
ACI nations. 

Data availability 

The empirical data set will be made available to other research in-
stitutions on request. 
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Fig. 1. Plots of Standardized Auxiliary Residuals (Rstandard) for the Preferences for Energy Efficiency in China, India, Indonesia, Malaysia, Thailand and Vietnam. 
Note: Rstandardc, Rstandardg and Rstandardo are respectively the auxiliary residuals for the transition equations for energy sources from coal, gas and oil. 
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