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Abstract – Current metrics fail to adequately capture the temporal and spatial complexity of 
energy transitions in a sufficiently meaningful way and this limits their usefulness to inform 
effective climate and energy policy and management. In this paper we propose a cumulative 
integral of CO2 emissions intensity for electricity and heat use as a metric to monitor energy 
transition progress. We demonstrate its application using International Energy Agency data 
for each of the G20-member countries. Findings show that whilst most countries are far from 
the energy transition positions required to effectively mitigate climate change, there are some 
examples of countries that have made an effective transition that provide useful insights into 
how energy transitions might progress more extensively. 
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1. INTRODUCTION  

Writings on modern ‘energy transitions’ began following the oil crisis of the 1970’s and 
the development of improved understanding of the role of fossil fuel burning in climate 
change. Early climate research by Williams [1] and Bach [2] reference the role of fuel burning 
in climate impacts, and work by Hayes [3] highlights the need to move on from petroleum 
dominated energy profiles. More recent work focuses on technological change and the 
temporal dynamics of transition, with a growing consensus and discourse around the urgency 
and necessity for climate stabilisation [4]–[7]. 

A developing body of literature now promotes and supports energy transition research, 
driven by the growing recognition of the necessity for change [8], including elements of 
economics, social science and engineering. In a recent review, Sovacool and Hess [9] noted 
96 theories on energy transitions from 22 social science subdisciplines.  These theories are 
distinct from those in the ‘innovation’ field of study which have been dominated by 
neoclassical and evolutionary economics perspectives. Examples of these approaches are 
presented by Grubler [10], who offers a historical record of transition research along with 
insights into transition drivers and dynamics drawn from this legacy, or Wilson and Grubler 
[11], who frame two global historical energy transitions in terms of the technological change 
patterns. Foxon [12] argues the benefits of a co-evolutionary framework to bridge the 
ecological economics, while Lane et al. [13] applies a technological approach, using 
engineering capacity to discuss the constraints associated with sustainable energy transition. 
Hansen and Coenen [14] frame sustainable transitions as geographic processes, providing a 
survey of the influence of place in other studies.  
                                                             
* Corresponding author. 
E-mail address: k.dalessandro@uq.edu.au 

mailto:k.dalessandro@uq.edu.au


Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
682 

 

In our summation, the current literature on energy transitions can be organised into two 
paradigms; one which we describe as ‘reflective’ and the other as ‘expectant’.  The reflective 
approach documents historical transitions as price-driven events, which by definition occur 
over decades to centuries [6], [10], [15]–[16]. These theories posit that techno-economic 
rationales require transitions to be protracted, gradual affairs. This is substantiated by a broad 
range of significant historical evidence, and the common characteristics and analysis of 
previous energy transitions.  

The ‘organic’ paradigm is captured by the likes of Solomon and Krishna [17] and by 
Sovacool [18]. The latter specifically challenges the dominant neo-classical view of energy 
transition, suggesting that the temporal dynamics of modern energy transitions are adaptable 
and even elastic, as they are driven by a completely different set of pressures and motivations 
from their historical precedents. Overall, these works expand the scope of investigation to 
include innovative and even optimistic views of the potential for stationary energy systems 
to mitigate climate change. This interpretation has been applied and expanded by other 
researchers (for example, Kern and Rogge [4] and Bromley [7]), who reference Sovacool as 
starting valuable debate into energy transition dynamics.   

‘What gets measured gets managed’ may be a cliché, but there is nevertheless value in the 
combination of transparent reporting, simple yet informative indicators, and appropriately 
targeted accountability to focus decision making and resource allocation. In this paper, we 
advocate for the adoption of a consistent metric in the identification and tracking of energy 
transitions. In presenting our model, we hope to promote ‘energy transitions’ as a stand-alone 
discipline and encourage discussion around its unique characteristics. By opening a dialogue 
around the quantitative measures and definitions of modern energy transitions, our goal is to 
attract critique to refine the concept to help inform better climate and energy policy, and by 
doing so promote scientific progress in the research area. 

2. BACKGROUND 

Analysis of energy transitions are by definition retrospective. Most commonly, the 
diffusion of an individual fuel type or technology in a given location is expressed as a 
percentage of total output. Traditional analysis relates the market share or diffusion of a 
studied feature as a distinctive S-curve, with observation of time between recognised 
thresholds, for example 1 %, 10 %, 50 %, 90 % and 99 % [6], [10], [19].  

Building on this, Araújo [19] helpfully observes energy transitions with regard to scale, 
structure, and quality; where scale is the growth and/or absolute consumption of a variable as 
an input or output, structure is the proportional contribution of a specific variable (expressed 
as a percentage), and quality is the assessment (singularly or as a trend) of efficiency, 
reliability, sustainability or other aspects representing the performance of the system. An 
excellent example of this is provided by Rozentale and Blumberga [20], who apply weighted 
(qualitative) criteria to evaluate the impact of various Latvian energy policy elements on 
climate.  

The complexity around such quantifications cannot be understated. Analysis is dependent 
not only on the quantity of data available, but also the consistency and quality of that 
information. Variables such as fuel heating values, timescale and scoping (gross generated 
vs. net consumed) are not always obvious or assessable. These distinctions may be more 
exaggerated when considering historical data or data from underdeveloped regions.  

Historical scales depend on the dominance of a single fuel source or prime mover to define 
and quantify the change from one prevailing system to the next. This is unlikely to be 
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applicable for the next energy transition, where a range of efficiency, renewable and low 
emission solutions are to be expected. This is relevant both for developed economies which 
may use efficiency gains and lower emission fossil fuels as an intermediary step to a 
renewable dominant system, and for developing energy systems as user demand and 
technological agency matures. As noted by Abdollahi [21], energy use and economic growth 
are found to be bidirectionally causal, as are CO2 emissions and economic growth in 
developing countries.  

Using existing assessment techniques, aggregation of results is likely to be necessary. This 
may invite scope or dependability issues if methodology is not applied consistently across 
fields. Alternatively, application of a custom metric which is able to capture these 
complexities will better reflect the intended outcomes of sustainable energy transitions. 
Therefore, we suggest that carbon intensity (expressed as units of carbon dioxide, CO2 per 
MWh or per GJ for example) may provide an appropriate quantitative metric to assess the 
progression of a sustainable energy transition within bounded energy systems. 

To highlight the potential application and usefulness of this metric, we have considered its 
application against both an ‘accepted’ and a contentious transition event, as well as a ‘reverse’ 
or ‘unsustainable’ transition. 

The dominance of nuclear power in the French electricity system is well established. This 
transition to a nuclear dominated electricity profile was driven by the impacts of the 1970’s 
oil shocks and a need to increase energy independence for the country. It is often cited as an 
example of rapid transition and even Grubler et al. [22] concede its validity (although one 
driven by specific policy rather than market forces). International datasets curated by the 
International Energy Agency [23] show the change in nuclear contribution between 1970 and 
1990 to be an increase of 4 % to 74 % for a net increase of 70 %; however, emissions intensity 
over the same period decreased by a larger 78 %. The setting of the nuclear ‘revolution’ 
within a larger energy security policy context makes the emissions intensity transition greater 
than that of the technology alone, highlighting the importance of sectoral scale approaches to 
data, rather than the fuel or prime mover focuses which have been emphasized in 
technological transition literature. 

This metric also holds potential for secular assessment of more provocative transition 
examples. Perhaps the most contentious is the example offered by Sovacool [18] is for the 
uptake of alternative and flex-fuel vehicles in Brazil. His application of new automobile sales 
post Proálcool suggests transition occurred over a 6-year period beginning in 1975, achieving 
90 % of new purchases at the end of that timeframe. While this example was strongly rebuffed 
by Grubler et al. [31] for representing changes in flow rather than stocks, such a significant 
change may well signify a transformation in consumer behaviour or industry preferences. 
Rather than argue the validity of the example, it may potentially be more useful to consider 
any material changes in the output which resulted. 

Fuel use data provided by the Brazillian Ministério de Minas e Energia/Ministry of Mines 
and Energy and Empresa de Pesquisa Energética [24], along with industry standard emission 
intensity default values, show the sectoral emissions intensity change from the 1970 baseline. 
These reductions peak in 1990 with an 18 % decrease and decline from there (12 % in 2000, 
rebounding to 17 % in 2010). By applying emissions intensity of the primary energy to this 
example, we show its capacity to provide an impartial assessment of impact, removed from 
the contention present with more flexible metric options.  

The metric also holds with ‘regressive’ transition events. Between March 2011 and May 
2012, Japan gradually shut down each of its 50 remaining nuclear reactors following the tragic 
Tōhoku earthquake and subsequent tsunami. Approximately 30 % of Japan’s generation 
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capacity, or over 44 300 MW, was taken offline. This shortfall was made up through a 
combination of austerity measures, demand-side management and supplementary supply from 
higher emission energy sources. While not widely recognised as a transition event, the 
episode has been framed in this way by both Wakiyama et al. [25] and Hermwille [26]. 

Emission intensity data from the IEA [27] shows the average emissions intensity in Japan 
from 1990 to 2010 was recorded as 434 g CO2 per kWh of electricity and heat (with a 
minimum of 402 g CO2/kWh during this time). By 2013 this was calculated to have increased 
to 568 g CO2/kWh; representing a 30 % increase over the pre-disaster average. This shows 
the potential of emissions intensity to identify and track ‘regressive’ transitions in additional 
to sustainable ones. 

To apply the emissions intensity metric to the ‘fundamental shift’ required in our energy 
systems, it must be applied to what an ideal ‘transition scenario’ would entail, how this would 
be represented by the selected metric and how performance can be critically assessed. In our 
view, a sustainable energy transition should have the following features: 

− Direction – a continuing reduction in emissions, rather than increase or oscillation; 
− Magnitude – a significant reduction; with the larger reduction improving the overall 

assessment result; 
− Rapid – the faster the reduction the lower the resultant emissions and the better the 

score; 
− Efficient Pathway – ideally a concave rather than convex pathway to reduce total 

emission loads. 
All these criteria will be reflected in the shape of the emissions intensity trend, and can 

therefore be assessed by measuring the area under the line. The greater, faster, more efficient 
pathway will produce a smaller area than its modest, slower, less efficient partner, even when 
beginning and ending at the same point. Further, the process holds for a number of theoretical 
trends and energy intensity outcomes, including theoretical negative emission scenarios. 

The use of an integral, rather than individual intensity trends, allows comparison of multiple 
assessment candidates, provided that consistent timelines are applied. The selection of the 
timeline will be critical, as the results are highly dependent on this input. Review can 
therefore be targeted to a selected horizon (such as the implementation of an international 
agreement), or expanded to account for historical performance which is relevant to 
discussions of energy equality between economically developed and developing nations, or 
grandfathering arrangements. 

3. METHODS AND PROCEDURES 

Annual data for gross electricity and heat production (converted to TJ) and corresponding 
sectoral Carbon Dioxide emissions (as Mt of CO2) were collated from the subscription IEA 
[23], [28] research datasets. For OECD countries data was generally available from 1960 
onwards, with others beginning in 1971. The bulk of non-OECD countries was provided from 
1971, with the balance (excepting political unrest etc.) provided from 1990. The 1971 starting 
point was selected to maximise the coverage of the assessment and provide some recognition 
of the diverse economic development timelines of the candidates.  

The resultant kT/TJ values were checked against equivalent data provided by the IEA as 
gCO2/kWh for consistency, and found to be comparable once converted to consistent units. 
The average difference between values was found to be 0.111 % across the global dataset. 
Values for the G20 members was extracted for analysis. Data was taken from a consistent 
1971 baseline, which meant Russia was excluded due to a lack of information.   
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Emissions intensity was then integrated over time according to Eq. 1:   
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where 
y emission intensity; 
x calendar year; 
i the number of reporting cycles or intervals (in this case, annually) which have 

elapsed. 
For this assessment x0 is 1971 and 2017 represents x46. 

The cumulative integral for each G20 member was then converted to a score out of 100 for 
ease of assessment. This was completed by setting the maximum integral at 100, with each 
country provided a result based on its proportional performance within the cohort. 

4. RESULTS 

Analysis reveals that of the G20 members included in the cohort, Australia, Indonesia and 
South Africa have the slowest transition progress, while Brazil, Canada and France are the 
best performing (are the closest to / have achieved a sustainable energy transition, by a clear 
margin) (Table 1).  

TABLE 1. CALCULATION RESULTS FOR CUMULATIVE INTEGRAL OF G20 CO2 INTENSITY 
ELECTRICITY & HEAT SECTOR 

 
CO2 Emissions Intensity  
Cumulative Integer 1971–2017 

Transition Progress  
Rank for Cohort 

2017 Emissions  
Intensity, kg CO2/GJ 

Brazil  1029   9   32  
Canada  2424   20   39  
France  2569   21   21  
Argentina  5331   44   97  
Italy  6029   50   84  
Japan  6110   51   143  
Mexico  6771   56   133  
Turkey  7215   60   124  
Germany  7335   61   108  
Korea  7445   62   141  
United States  7539   62   115  
United Kingdom  7753   64   68  
India  9257   77   200  
People's Republic of China  10 086   84   162  
Saudi Arabia  10 794   89   172  
Australia  10 934   91   206  
Indonesia  11 358   94   213  
South Africa  12 064   100   245  
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The cumulative integral of these countries was less than a quarter of the highest 
emission-intensity results, with a large disparity between these results and the remainder of 
the group, with the next highest score (Argentina) being over double the proceeding one. The 
results show a strong skew towards the higher integer scores, and therefore higher emission 
intensity for electricity and heat production. The two single largest GHG emitting nations, 
USA and China, also appear within the higher quadrants. A more complete representation of 
individual country performance is provided by Fig. 1. 

As would be expected, the trend is identified that those countries with lower transition 
scores have a higher proportion of renewable and zero emissions electricity and heat 
production, with a general decrease moving towards the higher transition scores. However, 
as the metric is cumulative, the dominant influence is the historical emissions intensity. This 
means that a historically low or high emissions intensity is more important to the result than 
modern performance (in isolation). Adjusting the time scale of the analysis (for example, to 
a five- or ten-year horizon) would provide a different outlook. 

The focus of the metric is to gauge relative transition progress. As such, little correlation is 
observed between absolute emissions and emissions intensity. A large emission-efficient 
sector is favoured over a small inefficient one, but cannot account for the productivity in the 
application of that energy (that is, work performed for that input). For example, Korea and 
the United States both returned scores of 62, despite Korea’s CO2 intensity being higher both 
at start and finish of the study period, as the United States emission intensity increased in the 
late 90’s making a convex curve compared to Korea’s more concave shape. 

5. DISCUSSIONS AND CONCLUSIONS 

The results show that emissions intensity provides a valid preliminary metric for the 
analysis of energy transitions. Measuring the state of energy transition as a cumulative integer 
(and conversion to a comparative performance value) provides a simple, quantitative score 
for monitoring and tracking of performance. A business-as-usual baseline could also be 
established to provide a consistent benchmark score for assessment of improvement. 
Integrating a target intensity, such as that provided by Rogelj et al. [29]† could provide a 
future-cast integer against which policy and performance could be measured. 

 The limitations of the technological bias in this approach are not unacknowledged. As 
championed by Hirsh and Jones [30], energy transition includes a social dimension that 
cannot be reflected by standard quantitative metrics, and Grubler [10] emphasis the 
advantages of an inclusive approach considering energy services, efficiency, costs and trends. 
This metric unfortunately cannot satisfy this criticism, and remains an output-based approach. 
However, perhaps by expanding the measurement baseline to an emissions-centric approach, 
additional data collection can be explored and promoted for future advancement. 

Our results show that all but three of the G20 members analysed are making insufficient 
progress to transition their energy systems to mitigate climate change effectively. However, 
it also shows clearly that there are established and growing economies with electricity sectors 
which offer both a technological and political template for achieving and sustaining low 
emissions energy profiles. 

 

                                                             
† Rogelj provides an electricity specific model consistent with a post-industrial 1.5-degree warming scenario.  An 
emissions intensity of between -9.6 and 15.8 kg CO2 per GJ has been modelled for a 2050 horizon. 
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Fig. 1. G20 Electricity and Heat Sector CO2 Intensity Analysis Results by Country. 

While emissions intensity cannot tell the whole picture of the state of transition of an energy 
system (as it is possible to have a declining intensity and growing absolute emissions release), 
there are several advantages to using an emissions intensity-based metric. From a 
methodological point of view, it allows for consistent comparison of fleet performance and 
transition tracking through a single metric, without the complex structuring of multiple 
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generation technologies and fuel types which typified historical transitions under energy 
monocultures. This method is agnostic to the technology and energy-source mixture of each 
individual system. 

Energy transitions need to be focused on curtailing GHG emissions radically and rapidly. 
The performance of the majority of the G20 members to date has been woefully inadequate 
in this regard. Emphasis needs to be placed on how the ‘whole’ of our energy profile performs, 
not just efficiency gains for new build. This approach is best supported by forcing this 
rationale to the forefront of reporting and goal-setting, which can be assisted by prioritising 
an emissions intensity metric. Including historical performance within the assessment 
strengthens acknowledgement of the energy equality issues that need to be addressed 
concurrently with the climate emergency.  

Renewable and lower-emission installed capacity is only impactful if generation from these 
sources is prioritised to displace more polluting sources. Using an intensity value 
simultaneously reflects efficiency improvements for cleaner generation technologies within 
existing fleets, and accounts for a multitude of emerging spatially and temporally diverse 
generation sources, without significant changes in established measurement technology and 
methodology.  

ACKNOWLEDGEMENT 

The authors wish to recognise Professor Matthew Dargusch and Mr. Xuan Quy Tran for their insight and expertise in the 
mathematical approaches applied during the research. This research is/was supported by an Australian Government Research 
Training Program (RTP) Scholarship. 

REFERENCES  

[1] Williams J. Global energy strategies. Futures 1978:10(4):293–302. https://doi.org/10.1016/0016-3287(78)90034-4 
[2] Bach W. Impact of increasing atmospheric CO2 concentrations on global climate: Potential consequences and 

corrective measures. Environment International 1979:2(4–6):215–228. 
https://doi.org/10.1016/0160-4120(79)90004-7 

[3] Hayes D. The Coming Energy Transition. The Futurist 1977:11:303. 
[4] Kern F., Rogge K. S. The pace of governed energy transitions: Agency, international dynamics and the global Paris 

agreement accelerating decarbonisation processes? Energy Research & Social Science 2016:22:13–17. 
https://doi.org/10.1016/j.erss.2016.08.016 

[5] Petit V. The Energy Transition. An Overview of the True Challenge of the 21st Century. Springer Int. Publishing, 
2017. https://doi.org/10.1007/978-3-319-50292-2 

[6] Fouquet R. Historical energy transitions: Speed, prices and system transformation. Energy Research & Social Science 
2016:22:7–12. https://doi.org/10.1016/j.erss.2016.08.014 

[7] Bromley P. S. Extraordinary interventions: Toward a framework for rapid transition and deep emission reductions in 
the energy space. Energy Research & Social Science 2016:22:165–171. https://doi.org/10.1016/j.erss.2016.08.018 

[8] Chabrol M. Re-examining historical energy transitions and urban systems in Europe. Energy Research & Social 
Science 2016:13:194–201. https://doi.org/10.1016/j.erss.2015.12.017 

[9] Sovacool B. K., Hess D. J. Ordering theories: Typologies and conceptual frameworks for sociotechnical change. 
Social Studies of Science 2017:47(5):703–750. https://doi.org/10.1177/0306312717709363 

[10] Grubler A. Energy transitions research: Insights and cautionary tales. Energy Policy 2012:50:8–16. 
https://doi.org/10.1016/j.enpol.2012.02.070 

[11] Wilson C., Grubler A. Lessons from the history of technological change for clean energy scenarios and policies. 
Natural Resources Forum 2011:35(3):165–184. https://doi.org/10.1111/j.1477-8947.2011.01386.x 

[12] Foxon T. J. A coevolutionary framework for analysing a transition to a sustainable low carbon economy. Ecological 
Economics 2011:70(12):2258–2267. https://doi.org/10.1016/j.ecolecon.2011.07.014 

[13] Lane J. L., Smart S., Schmeda-Lopez D., Hoegh-Guldberg O., Garnett A., Greig C., McFarland E. Understanding 
constraints to the transformation rate of global energy infrastructure. WIREs Energy and Environment 2016:5(1):33–
48. https://doi.org/10.1002/wene.177 

https://doi.org/10.1016/0016-3287(78)90034-4
https://doi.org/10.1016/0160-4120(79)90004-7
https://doi.org/10.1016/j.erss.2016.08.016
https://doi.org/10.1007/978-3-319-50292-2
https://doi.org/10.1016/j.erss.2016.08.014
https://doi.org/10.1016/j.erss.2016.08.018
https://doi.org/10.1016/j.erss.2015.12.017
https://doi.org/10.1177/0306312717709363
https://doi.org/10.1016/j.enpol.2012.02.070
https://doi.org/10.1111/j.1477-8947.2011.01386.x
https://doi.org/10.1016/j.ecolecon.2011.07.014
https://doi.org/10.1002/wene.177


Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
689 

 

[14] Hansen T., Coenen L. The geography of sustainability transitions: Review, synthesis and reflections on an emergent 
research field. Environmental Innovation and Societal Transitions 2015:17:92–109. 
https://doi.org/10.1016/j.eist.2014.11.001 

[15] Smil V. Examining energy transitions: A dozen insights based on performance. Energy Research & Social Science 
2016:22:194–197. https://doi.org/10.1016/j.erss.2016.08.017 

[16] Fouquet R. The slow search for solutions: Lessons from historical energy transitions by sector and service. Energy 
Policy 2010:38(11):6586–6596. https://doi.org/10.1016/j.enpol.2010.06.029 

[17] Solomon B. D., Krishna K. The coming sustainable energy transition: History, strategies, and outlook. Energy Policy 
2011:39(11):7422–7431. https://doi.org/10.1016/j.enpol.2011.09.009 

[18] Sovacool B. K. How long will it take? Conceptualizing the temporal dynamics of energy transitions. Energy Research 
& Social Science 2016:13:202–215. https://doi.org/10.1016/j.erss.2015.12.020 

[19] Araújo K. The emerging field of energy transitions: Progress, challenges, and opportunities. Energy Research & 
Social Science 2014:1:112–121. https://doi.org/10.1016/j.erss.2014.03.002 

[20] Rozentale L., Blumberga D. Methods to Evaluate Electricity Policy from Climate Perspective. Environmental and 
Climate Technologies 2019:23(2):131–147. https://doi.org/10.2478/rtuect-2019-0060 

[21] Abdollahi H. Investigating Energy Use, Environment Pollution, and Economic Growth in Developing Countries. 
Environmental and Climate Technologies 2020:24(1):275–293. https://doi.org/10.2478/rtuect-2020-0016 

[22] Grubler A., Wilson C., Nemet G. Apples, oranges, and consistent comparisons of the temporal dynamics of energy 
transitions. Energy Research & Social Science 2016:22:18–25. https://doi.org/10.1016/j.erss.2016.08.015 

[23] International Energy Agency. World energy statistics. [Online]. [Accessed 15.05.2020]. Available: 
https://www.oecd-ilibrary.org/content/data/data-00510-en  

[24] Ministério de Minas e Energia. Empresa de Pesquisa Energética. (Ministry of Mines and Energy. Brazilian Energy 
Balance). 2015. 

[25] Wakiyama T., Zusman E., Monogan Iii J. E. Can a low-carbon-energy transition be sustained in post-Fukushima 
Japan? Assessing the varying impacts of exogenous shocks. Energy Policy 2014:73:654–666. 
https://doi.org/10.1016/j.enpol.2014.06.017 

[26] Hermwille L. The role of narratives in socio-technical transitions – Fukushima and the energy regimes of Japan, 
Germany, and the United Kingdom. Energy Research & Social Science 2016:11:237–246. 
https://doi.org/10.1016/j.erss.2015.11.001 

[27] International Energy Agency. Emissions per kWh of electricity and heat output. [Online]. [Accessed: 20.05.2020]. 
Available: https://www.oecd-ilibrary.org/content/data/data-00432-en 

[28] International Energy Agency. CO2 emissions by product and flow [Online]. [Accessed: 20.05.2020]. Available: 
https://www.oecd-ilibrary.org/content/data/data-00430-en 

[29] Rogelj J., Luderer G., Pietzcker R. C., Kriegler E., Schaeffer M., Krey V., Riahi K. Energy system transformations 
for limiting end-of-century warming to below 1.5 °C. Nature Climatic Change 2015:5:519–527. 
https://doi.org/10.1038/nclimate2572 

[30] Hirsh R. F., Jones C. F. History's contributions to energy research and policy. Energy Research & Social Science 
2014:1:106–111. https://doi.org/10.1016/j.erss.2014.02.010 

 
  

https://doi.org/10.1016/j.eist.2014.11.001
https://doi.org/10.1016/j.erss.2016.08.017
https://doi.org/10.1016/j.enpol.2010.06.029
https://doi.org/10.1016/j.enpol.2011.09.009
https://doi.org/10.1016/j.erss.2015.12.020
https://doi.org/10.1016/j.erss.2014.03.002
https://doi.org/10.2478/rtuect-2019-0060
https://doi.org/10.2478/rtuect-2020-0016
https://doi.org/10.1016/j.erss.2016.08.015
https://www.oecd-ilibrary.org/content/data/data-00510-en
https://doi.org/10.1016/j.enpol.2014.06.017
https://doi.org/10.1016/j.erss.2015.11.001
https://www.oecd-ilibrary.org/content/data/data-00432-en
https://www.oecd-ilibrary.org/content/data/data-00430-en
https://doi.org/10.1038/nclimate2572
https://doi.org/10.1016/j.erss.2014.02.010


Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
690 

 

Dr Paul Dargusch currently serves as an Associate Professor in Environmental Management 
at The University of Queensland (UQ). His expertise is in carbon and energy management. 
From 2016 to 2018 Paul served as the Deputy Head of UQ’s School of Earth and 
Environmental Sciences; one of the world’s top ranked Universities for environmental 
science. He has published more than 100 papers in leading peer-reviewed journals including 
in Science and Nature Climate Change. From 2007 to 2016, Paul served as the Director of 
the UQ Carbon Lab. Paul has led a number of high-level consultancy projects for large 
corporations and Government, providing advice on carbon management strategies around the 
world. He developed a carbon trading simulation tool called the Carbon Game which he and 
his team used to train more than 5000 people in 16 different countries on carbon and energy 
management; including Government agencies in China, Indonesia, the UAE and Australia, 
some of the world’s largest corporations such as Petronas, the Chinese National Oil 
Corporation and Glencore Xstrata, and leading development agencies, such as the World 

Bank and the FAO of the United Nations. Prior to joining UQ, Paul held various senior roles in the private sector from 
1996 to 2007. 
E-mail: p.dargusch@uq.edu.au 
ORCID iD: https://orcid.org/0000-0001-9255-2803 
 
 

Kelly D’Alessandro holds degrees in Environmental Science and Environmental Health. She 
is currently a doctoral student at The University of Queensland (UQ). Her thesis considers 
how disruptive events can act as catalysts for energy transitions. Prior to joining UQ, she 
worked for more than 15 years in the private sector as an environmental manager and 
consultant, focusing on the energy sector, carbon inventory and management, climate risk 
assessment, regulatory approvals and compliance, and sustainability in the built environment. 
She is a certified Environmental Auditor and worked as a Registered Federal Greenhouse and 
Energy auditor (under the Australian National Greenhouse and Energy Reporting Act 2007). 
She is trained in the Green Building Council of Australia Green Star accreditation system and 
National Australian Built Environment Rating System. 
E-mail: k.dalessandro@uq.edu.au  
ORCID iD: https://orcid.org/0000-0001-5960-6451 
 

 
 
 
 
 
 
 
 

mailto:p.dargusch@uq.edu.au
https://orcid.org/0000-0001-9255-2803
mailto:k.dalessandro@uq.edu.au
https://orcid.org/0000-0001-5960-6451

	1. Introduction
	2. Background
	3. Methods and Procedures
	4. Results
	5. Discussions and Conclusions
	Acknowledgement
	References

