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Summary 

As an influential development paradigm, sustainable development has gained broad 
support from various governments and organizations at regional, national and global 
levels. It is a process involving many important dimensions and its study requires efforts 
from researchers from all the disciplines of natural and social sciences. In this thesis, we 
focus on energy efficiency, a key element in the pursuit of sustainable development. 
The dynamics of energy efficiency is an evolutionary process that involves industries, 
technologies and institutions. Therefore, it requires a wide range of policies, aimed at 
both macro and micro levels. It is of primary importance to have a careful economic 
study of all the detailed processes that are involved in the policy-relevant areas. Nu-
merous programs, funds, facilities related to energy efficiency have been implemented 
so far and are still ongoing. In the study of energy efficiency, many policy-relevant areas 
that require numerous research and financial inputs and careful empirical analysis are 
involved. Due to data availability and the feasibility of this study to be effectively con-
ducted, as an early step, we narrow down our research at micro and macro levels to the 
following aspects: energy consumption and energy efficiency at sectoral and country 
levels, aggregate vehicle energy efficiency (regional level) and the technologies related 
to energy efficiency in the fields of power station, ICT in buildings and vehicles. We 
hope that our results can shed light on the relevant policies and studies in the future. 

Using large datasets, this dissertation provides a comprehensive narrative of how ener-
gy efficiency and the technologies related to energy efficiency evolve over time. We 
develop a new analytical framework and several measures for crucial factors affecting 
energy consumption and energy efficiency in trade at sectoral and country levels. Based 
on big data of individual vehicles and their owners, we design an empirical statistical 
approach to estimate regional aggregate vehicle energy efficiency that is formed by the 
technological characteristics and collective behaviors of micro-agents (e.g., purchase 
and usage of vehicles and migration), and describe the life cycle and restructuring of the 
vehicle population. Also, we identify the technological trajectories of technologies re-
lated to energy efficiency, and develop some measures for whether a country can be 
classified as an incumbent country or a latecomer country, and for how much a country 
contributes to technological development. The approaches used in this dissertation that 
build aggregate or macro measures on the basis of detailed and micro large datasets 
are of great value for the study of economic, industrial and scientific evolution. The 
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optimal path method in this dissertation based on the patent citation networks may 
inspire studies in any other technological fields, and enable policymakers as well as 
investors to monitor technological development and discover business opportunities. 
The precise empirical evidence provided by this dissertation can assist policymakers in 
finding tailored solutions to the real world problems. 

In Chapter 2 we review the decomposition techniques commonly used in energy and 
environmental economics, and propose a new decomposition method in the input-
output framework to identify crucial factors affecting the growth of energy consump-
tion and energy efficiency. We take into account trade relations and intermediate in-
puts in production that are mostly neglected by traditional methods. Unlike prior stud-
ies, we develop two perspectives: energy directly used for production or household 
consumption purposes, and energy embodied in the products consumed by economies 
and households. We also apply the analysis to all the major economies and sectors in 
the world. The results show that energy consumption increases caused by economic 
development can be roughly offset by reducing the energy intensity and lowering ener-
gy intensity is the overwhelming factor behind the decline in aggregate energy intensity 
in most economies, while trade in intermediate inputs has a small effect in changing 
energy consumption. We also find that the gaps of energy intensity between economies 
tend to narrow down and the relationship between energy intensity and GDP per capita 
is strictly decreasing. 

The methods used in Chapter 3 are developed based on firm productivity literature and 
convergence analysis in development economics. We particularly focus on vehicles, a 
typical durable product consuming energy. By tracking every vehicle, we estimate re-
gional aggregate vehicle energy efficiency based on the usage and energy efficiency of 
every individual vehicle. By doing so, we do not have the issues of heterogeneity and 
representative agent. We also estimate the entry effect of new vehicles, the realloca-
tion of energy efficiency vehicles and the Ergodic distribution of aggregate vehicle ener-
gy efficiency. Additionally we check the socio-economic factors affecting the distribu-
tion of vehicles over locations and vehicle exit event. The availability of the big data 
makes this paper one of first few papers estimating regional energy efficiency for vehi-
cles. Our results confirm the importance of structural change in the vehicle population, 
the convergence of aggregate vehicle energy efficiency between municipalities and the 
crucial role of socio-economic factors in shaping vehicle distribution. 

In Chapter 4, using up-to-date bibliographical and citation information of patents from 
the European Patent Office, we study the technological evolution of three fields on 
energy efficiency classified by the OECD ENV-TECH list: power station, ICT in buildings 
and vehicles. We construct patent citation datasets for these fields, and identify the 
optimal technological paths by maximizing total search pair count (SPC) weights in the 
citation networks. We also develop new measures to evaluate countries' role (incum-
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bent or latecomer) and contribution in these fields. The results show that latecomer 
countries tend to contribute less to the main technological trajectories in the fields of 
energy efficiency, while those counties with large bested interests in the dominant 
technological trajectories are also the ones that contribute more. This paper is an early 
attempt of quantifying technological development of the OECD ENV-TECH list. The 
methods used in this chapter can be applied to any other fields. 
  




