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APPENDIX A. REVIEW OF THE RESEARCH LITERATURE 
 
A.1. Energy efficiency, energy productivity and their drivers 
 
In line with most public policy agendas worldwide that are increasing their efforts 
towards sustainable economic growth, energy efficiency and energy productivity 
have been raised as an important concern in the research literature. For example, 
the study by Atalla and Bean (2017) focused on the analysis of the determinants of 
energy productivity, defined as the ratio of economic output per unit of energy 
consumed. Using a database of 39 countries for the period 1995-2009, the authors 
employ various analytical techniques to identify the determinants of energy 
productivity. One key insight drawn from this analysis is that most country-level 
increases in energy productivity were found to take place due to 
improvements within sectors rather than shifts in economic structure. In 
addition, the authors found that the highest rate of improvement in energy 
productivity was registered in former communist countries that have been 
undergoing economic liberalization processes through that period. Their results 
also point to income per capita and energy prices as drivers of energy productivity, 
while a greater share of output from industry was found to be associated with lower 
energy productivity levels. 
 
Coinciding partially with some of the conclusion of the prior study, Sineviciene et al. 
(2017) analyzed the drivers of energy efficiency during the period 1996–2013 in 
Eastern Europe post-communist economies. Relying on a stochastic frontier 
function approach and a comparative analysis to examine long-run dynamic 
relations, the authors point to GDP growth as a key factor increasing both energy 
efficiency, while fixed capital formation and the share of industry in the 
economy are also important drivers. In short, changes in industry structure 
also appear to play a role in driving improved energy efficiency. This is partially 
consistent with the research of Chang and Hu (2010), who developed a total-factor 
energy productivity index to evaluate the change in regions in China. They found that 
factors affecting energy efficiency are linked to economic development, to the 
electricity share of energy consumption, coupled with the sector structure of 
the economy. While this study focuses energy consumption and efficiency rather 
than energy productivity, by relating these to level of development and the share of 
different sectors of the economy, it provides an analytical framework of causality 
that is useful to understand energy productivity. 
 
Turning to an additional perspective, Uwasu et al. (2012) explored the drivers of 
energy productivity, defined as the ratio of Gross Regional Product and energy input, 
in China’s provinces during the period between 2004 and 2007. The authors 
disaggregated energy productivity into two attributes: technology use and input 
factors. On this basis, they estimated energy technology levels, with results showing 
that disparities exist across the provinces even after controlling for differences in 
the contribution of input factors to energy productivity, implying the importance 
of technological advancements for energy productivity enhancement. They 
also argue that investment in technology and the quality of capital can indirectly 
determine the level of energy productivity.  
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Song and Zheng (2012) conducted an econometric study using a Chinese provincial-
level panel data set for the period between 1995 and 2009, concluding that while 
increasing incomes were a substantial factor in driving energy efficiency, 
energy prices were not a key driver. They also noted that the growth in 
urbanization rates presented obstacles to enhancing energy intensity.  
 
In another study covering four decades and examining 75 nations, with a special 
focus on Latin America, Jimenez and Mercado (2014) analyzed energy intensity 
trends. Their research revealed that advancements in energy efficiency were 
mainly due to improvements in energy intensity1 across the economy. Their 
econometric evaluation identified that critical factors included rising per capita 
income, oil prices, and overall economic expansion. 
 
To sum up, the research literature has identified so far, several drivers of energy 
productivity and efficiency that will be taken into consideration in our empirical 
work (see table A-1). 
 

Table A-1. General economic drivers of energy productivity and efficiency 

Drivers Research literature 
GDP / Income per capita  • Atalla and Bean, 2017 

• Sineviciene et al., 2017 
• Song and Zheng, 2012 
• Jimenez and Mercado, 2014 
• Chang and Hu, 2010  

Sectoral structure of the 
economy  
 

• Atalla and Bean, 2017 
• Sineviciene et al., 2017 
• Chang and Hu, 2010 

Fixed capital formation  
 

• Atalla and Bean, 2017 
• Sineviciene et al., 2017 

Capital quality  • Uwasu et al., 2012 
Productivity  • Uwasu et al., 2012 
Energy prices  • Atalla and Bean, 2017 

• Jimenez and Mercado, 2014 
Technological advances  • Uwasu et al., 2012 
Urbanization  
 

• Atalla and Bean, 2017 
• Song and Zheng, 2012 

 
A.2. Energy productivity and efficiency in the ICT sector 

 
The specific role of ICT in driving energy productivity and efficiency has been less 
researched than general drivers, although the existing evidence provides some 
important insights regarding the impact of digital technology.  
 
Berkhout and Hertin (2001) identified five domains where ICTs could enhance 
production efficiency, consequently lowering energy use: (i) Intelligent production 
processes; (ii) Intelligent creation and operation of goods and services; (iii) 
Intelligent distribution and logistics, such as enhancing supply chain efficacy or 
modifying distribution frameworks; (iv) Transforming consumer-producer 

 
1 Energy intensity is defined as the ratio of the total final consumption of energy and the GDP, thereby 
closer to the term of energy productivity used in this study. 
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dynamics through, for instance, mass customization; (v) Restructuring of work 
organization, like the adoption of remote work practices. In a similar conclusion, Sui 
and Rejeski (2002) have characterized the positive environmental impact of ICT as 
the "three D’s for the new economy": the transition from physical to digital 
formats (they call it dematerialization), the move towards a less energy-
demanding economy (decarbonization), and reduced necessity for physical 
movement due to digital alternatives (demobilization). Further, Beier et al. 
(2018) argued that the adoption of the Internet of Things (IoT) in industries can 
pave the way for more resource-conservative production, enhanced recycling 
methodologies, and anticipatory maintenance routines. In addition, some authors 
have argued that smart energy consumption feedback systems, supported by a range 
of digital technologies, have the capability to drastically diminish energy 
requirements within residential areas (Buchanan et al, 2015; Jensen et al, 2016; 
Malmodin and Coroama, 2016; Nilsson et al, 2018).   
 
Other authors present a more nuanced view of the positive impact of ICT on energy 
efficiency. For example, Lange et al. (2020) examined four primary effects linking 
ICT deployment and energy efficiency: (i) the direct energy consumption stemming 
from ICT production and usage, (ii) the potential energy efficiency gains due to 
digitalization, (iii) the economic growth spurred by enhanced productivity, and (iv) 
the shift towards a more service-oriented economy with the proliferation of ICT 
services. The authors main conclusion is that while certain aspects of digitization 
promote energy efficiency, these are overshadowed by the increased energy 
demands brought about directly by ICT and indirectly through economic growth 
stimulated by digitization. Consistently with this conclusion, Batool et al. (2022) 
explore the relationship between ICT and energy consumption across various 
sectors in China. Their research uses a threshold regression analysis, considering 
ICT as a critical point influencing energy consumption behavior within residential, 
industrial, and transport sectors for the period 1990-2021. The study unveiled an 
asymmetric impact of ICT on energy consumption, with varying outcomes across 
different sectors. One of the authors’ critical insights is the potential for ICT to 
generate rebound effects2 — situations where increased efficiency leads to 
more energy consumption due to behavioral or systemic responses. However, 
there are a number of studies and simulations that indicate that, when considered 
in the aggregate, the rebound effects are too small in relation to the efficiency 
effects.3 
 
A.3. Energy efficiency, energy productivity,  and cloud computing 

 
In recent years, cloud computing has emerged as a transformative force, reshaping 
how businesses operate and how services are delivered. Massive investments have 

 
2 The term rebound is used to describe effects which prevent the potential savings resulting from 
efficiency increases from being realized (at all or in full). It is measured as the percentage of the 
theoretical savings potential of efficiency increases which cannot be saved due to consumer 
behavior. Direct rebound results in an increased demand for the same good due to, for example, 
lower prices. Indirect rebound measures increased demand for other goods driving energy 
consumption as a result of savings in consumption of primary good. 
3 See Gillingham, K., M. Kotchen, D. Rapson, G. Wagner, 2013. “The Rebound Effect is Over-played.” 
Nature, 493: 475-476. http://www.nature.com/nature/journal/v493/n7433/full/493475a.html  
 In an opposite view, see Brockway and Sorrell (2016). 
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been conducted recently by global players such as Alibaba, Amazon Web Services, 
Microsoft, or Google in cloud platforms across the globe, while the share of firms and 
individuals that purchase cloud services has been increasing steadily through the 
years. This situation has brought the need to explore the potential of cloud 
computing not just as a technological innovation but also as a potential tool for 
energy productivity and efficiency.  
 
The theoretical contribution of cloud computing to energy efficiency lies in the 
optimized utilization of computing resources and the agility in adopting efficient 
software solutions. Traditional data centers are known for their high energy 
consumption, primarily due to underutilization of resources and the need for 
constant cooling systems (Mastelic and Brandic, 2015). Cloud computing, with its 
shared resources model, optimizes the use of hardware, thereby increasing the 
workload per energy unit consumed. This principle allows for significant energy 
savings compared to traditional computing methods (Fiandrino et al.., 2017). Along 
these lines, the cloud computing shared resources model optimizes the use of 
hardware, increasing the workload per energy unit consumed. Similarly, another 
study estimates a technical savings potential of 87% in energy consumption if 
typical office applications are shifted to the cloud.4 
 
Moreover, cloud data centers benefit from economies of scale. Large-scale 
operations allow for more significant investments in energy-saving technologies, 
such as advanced cooling systems, renewable energy sources, and state-of-the-art 
server technology, which smaller data centers might not afford (Vashist and Singh, 
2013). The deployment of large cloud hyperscalers contribute to maximize the 
benefits of economies of scale. For example, research evidence indicates that while 
hyperscalers are heavy energy consumers, research commissioned by AWS shows that 
that their infrastructure is 3.6 times more energy efficient than the median of the 
surveyed US enterprise data centers.5 Consequently, companies that have migrated 
to the cloud are expected to report not only reduced operational costs but also 
decreased energy usage. These savings are most notable in organizations with 
fluctuating demands, as cloud computing allows them to scale resources up or down 
based on real-time needs, avoiding the inefficiencies of unused resources. 
 
Despite its potential, achieving energy efficiency through cloud computing is not 
without challenges. Data centers' energy efficiency varies significantly based on 
their design, usage, and geographical location. The reliance on renewable energy 
sources and the effectiveness of cooling technologies are also important factors 
(Mastelic and Brandic, 2015). Furthermore, the rebound effect discussed above 
might suggest that the cost savings and efficiencies gained from cloud computing 
could lead to increased consumption, potentially mitigating some of the 
environmental benefits. That said, no research has been conducted to date to 
document the potential impact of rebound effects in cloud computing. 

  

 
4 Masanet, E., Shehabi, A., Ramakrishnan, L., Liang, J., Ma, X., Walker, B., Mantha, P. (2014). The 
Energy-efficiency Potential of Cloud-Based Software: A US Case Study. Berkeley, CA: Lawrence 
Berkeley National Laboratory. 
5 451 Research (2019). The Carbon Reduction Opportunity of Moving to Amazon Web Services 
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APPENDIX B. ECONOMETRIC MODELS STRUCTURE AND 
DESCRIPTIVE DATA  
 
B.1. Econometric model 

The empirical specification to be estimated for cloud computing is presented in the 
following equation, where 𝑖 and 𝑡 denote respectively country and year: 
 
log(Energy productivity𝑖𝑡)

= 𝛼𝑖 + β log(Cloud𝑖𝑡) + 𝛿 Availability zones𝑖𝑡 + 𝜑 IT share𝑖𝑡 + 𝜆 𝑋𝑖𝑡 + 𝛾𝑡 + 𝜀𝑖𝑡  

 
The dependent variable is energy productivity, which is expected to depend on a 
country-level fixed effect (𝛼𝑖), on cloud adoption, on the number of zones being 
deployed by global cloud service providers across regions, and on the weight of the 
IT sector in the economy.  
 
The diversity of ICT-related variables aims to address the complexities in the link 
between digital technologies and energy productivity as described in the literature 
review. Cloud computing, characterized by on-demand availability, resource pooling, 
and rapid elasticity, has changed how computing resources are accessed and used. 
From that perspective, we expect a higher cloud adoption rate across the economy 
to yield larger energy productivity, although the rebound effect can potentially 
mitigate or even counteract those positive results, as highlighted in the literature 
review. In addition, the relevance of cloud computing is not only driven by firms 
demanding these services, but critically on the supply side as well, as availability 
zones, managed by large scale cloud service providers, are high energy consumers 
but at the same time can lead to greater energy efficiency through economies of scale 
and advanced optimizations, which individual, traditional data centers are typically 
unable to achieve. Finally, the inclusion of the share of IT sector in the economy aims 
to control for potential effects related to this industry beyond cloud adoption or its 
infrastructure deployments.6  
 
The inclusion of country fixed effects is especially relevant to control for time-
invariant factors that may make some economies more productive in their energy 
use because of unobserved characteristics. The term 𝑋 represents a vector of time-
varying control variables that could be associated to different levels of energy 
productivity, as identified in the literature review above (see section 2.1). Finally, 𝛾𝑡 
captures temporal effects affecting all the sample, and 𝜀𝑖𝑡 is the error term. 
Controlling for temporal effects is also relevant, as it may account for exogenous 
technological change if it affects all the countries included in the sample. 
 
B.2. Descriptive data to be used in the models 

 
An unbalanced panel was compiled for 38 countries covering the period 2013-2020. 
Data availability prevented us from expanding the sample for more economies, as 

 
6 We also considered including broadband penetration as an additional regressor. However, the 
coefficient associated to this variable was very far from being significant across all the model 
specifications, so it was finally discarded.  
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we were restricted by the countries reported in OECD Stat7 and Eurostat. The time 
dimension of the panel was also constrained, as data on cloud adoption is mostly 
unavailable before 2013, while 2020 is the last year of real electricity consumption 
data reported by the IEA.  The economies included in our sample are listed in Table 
B-1. 
 

Table B-1. Countries included in the sample for the econometric analysis 
Australia Germany Norway 

Austria Greece Poland 

Belgium Hungary Portugal 

Brazil Iceland Romania 

Bulgaria Ireland Slovak Republic 

Canada Israel Slovenia 

Colombia Italy Spain 

Croatia Japan Sweden 

Czech Republic Korea Switzerland 

Denmark Latvia Turkey 

Estonia Lithuania United Kingdom 

Finland Luxembourg United States 

France Netherlands   
Source: Telecom Advisory Services analysis 

 
In Table B-2 we present the set of variables to be used in the empirical analysis. The 
dependent variable is energy productivity, defined as GVA by TWh of electricity 
consumed. GVA data was obtained from Eurostat, while electricity consumption was 
extracted from the IEA database. The values for this (and all variables to be 
represented in monetary units) were deflated and expressed in 2015 constant 
prices, to remove the effects of inflation. 
 
As for the IT related variables, cloud adoption is defined as the share of firms 
purchasing cloud computing services (data compiled from OECD Stat).8 In addition, 
to account for investment in local cloud infrastructure, we included the number of 
zones in cloud regions being deployed by global cloud service providers, information 
provided by TeleGeography.9 The weight of the IT sector (calculated as the share of 
its GVA across the whole economy) is obtained from Eurostat. 
 
  

 
7 https://stats.oecd.org 
8 When a single year of cloud penetration is missing between two reported values, we imputed the 
correspondent figure based on the compound average growth rate across that interval.  
9 TeleGeography provides a list of cloud regions being deployed since 2006 that were used to build 
the stock of availability zones. Global providers contemplated in the database are Alibaba, Amazon 
Web Services, Microsoft Azure, Google Cloud Platform, IBM Cloud, Oracle Cloud, OVH, and Tencent 
Cloud. Cases where the launching date was not available in the dataset were excluded. 
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Table B-2. Variables description and main statistics 
Variable Description Source Mean Std. dev. 

Energy 
productivity 

Gross value added per TWh of electricity 
consumed (million US$ at 2015 constant prices) 

Eurostat / IEA 4226.801 2182.680 

Cloud 
Businesses purchasing cloud computing services 
(%) 

OECD 0.289 0.167 

Availability 
zones 

Number of zones in cloud regions TeleGeography 3.572 10.650 

IT share 
Gross value added for information and 
communication sector (% of total GVA) 

Eurostat 0.049 0.019 

Manufacturing 
share 

Gross value added for manufacturing sector (% 
of total GVA) 

Eurostat 0.159 0.059 

Agriculture 
share 

Gross value added for agriculture, forestry, and 
fishing sector (% of total GVA) 

Eurostat 0.028 0.018 

GDP pc GDP per capita (US$ at 2015 constant prices) World Bank 34640.730 22885.330 

Capital 
formation 

Gross fixed capital formation (% of GDP) World Bank 0.219 0.044 

Urban Urban population (% of total population) World Bank 0.767 0.118 

TFP TFP at constant national prices (2017=1) 
Penn World Tables 

/ World Bank 
0.992 0.029 

FDI 
Foreign direct investment, net inflows (% of 
GDP) 

World Bank 0.041 0.193 

Electricity cost 
Price of electricity (US$ cents per kWh at 2015 
constant prices) 

World Bank 15.195 5.317 

Source: Telecom Advisory Services analysis 

 
As for the control variables, it is important to consider an extensive set of time-
varying potential drivers of energy productivity in order to correctly isolate the 
cloud computing variables. First, we first must control for the sectoral structure of 
the economy because the different economic sectors vary in terms of their energy 
consumption. Therefore, we include the weight of the manufacturing sector in the 
economy, as suggested by related research (Atalla and Bean, 2017; Sineviciene et al, 
2017). We also include the share of agriculture activity. As a result, we are effectively 
controlling for sectoral structure of the economy by accounting for the weight of 
manufacturing, agriculture, and IT sector, leaving the remaining services as a 
baseline scenario.  
 
We also incorporate average income levels (measured through GDP per capita) as a 
driver of energy productivity, as has been highlighted by most of the specialized 
literature (Atalla and Bean, 2017; Chang and Hu, 2010; Jimenez and Mercado, 2014; 
Sineviciene et al, 2017; Song and Zheng, 2012). This indicator is expected to capture 
the effects associated to variations in income, as well as other factors linked to 
economic development not captured by the country fixed effects. The data was 
compiled from the World Bank database. 
 
Investment in capital has also been identified as a potential driver of energy 
productivity (Atalla and Bean, 2017; Sineviciene et al, 2017). Economies with high 
investment intensity should replace their capital stock faster, therefore being 
expected to have on average newer energy-productive capital (Atalla and Bean, 
2017). We control for this factor by including the share of gross fixed capital 
formation in the GDP (data source: World Bank).  
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In addition, Uwasu et al (2012) argues that the quality of capital matters as well, 
proposing Foreign Direct Investment (FDI) as a measure to control for this. 
Therefore, we control for FDI net inflows as a share of GDP, data provided by the 
World Bank. Total Factor Productivity (TFP) is also an important part of energy 
productivity according to Uwasu et al. (2012). Thus, we compiled this indicator from 
the Penn World Tables (PWT) as a further control. As the latest PWT database 
available covers up to 2019, to estimate the value of TFP during 2020 by assuming 
that it evolved at the same growth rate as labor productivity.  
 
Urbanization is also expected to be a relevant driver of energy efficiency, as argued 
by Atalla and Bean (2017). As highlighted by the authors, moving from rural areas 
to urban and industrialized economies will likely stimulate more energy intensive 
activities, although is equally true that urban areas are expected to present more 
energy productive sectors like financial services. Without having a clear picture on 
the overall effect, we introduced the share of population living in urban areas (data 
from World Bank) as an additional control. Finally, we also included as a control the 
price of electricity provided by the World Bank (US$ cents per kWh). As argued by 
Atalla and Bean (2017), energy prices are usually an important component of 
production costs, with higher prices being expected to lead to lower energy 
consumption and to shift the development and adoption of less energy intensive 
capital.  
 
In order to get some preliminary insights related to cloud computing and energy 
productivity, we plot both variables using year averages for both cloud adoption and 
electricity efficiency, with results showing an almost perfect fit for a linear 
relationship.  
 

Graphic B-1. Cloud adoption and energy productivity – averages by year 

 
Source: IEA, Eurostat, OECD, Telecom Advisory Services analysis 

 
In order to get a complementary view at a country-level, we present in Graphic B-2 
the evolution across the years in both cloud adoption and electricity efficiency for 
selected countries. The series of electricity efficiency can be backwardly extended to 
2005, since there is data available that allow us to understand previous patters. The 
evidence points to a clear positive link between both variables.  
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Graphic B-2. Cloud adoption and electricity efficiency across countries 

 
Source: IEA, Eurostat, OECD Stat, Telecom Advisory Services analysis 
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APPENDIX C. ECONOMETRIC MODEL RESULTS 
 
C.1 Baseline Availability zone Model 
 
The results for the econometric estimations developed in the baseline models are 
presented in Table C-1. All estimates were developed through panel data fixed effects 
models with robust standard errors clustered by country. 
 

Table C-1. Baseline Cloud Model: Fixed Effects estimation of energy 
productivity drivers 

Dep. var.: log (Energy productivity)  (i) (ii) (iii) (iv) 

Log (Cloud) 
0.077*** 0.053*** 0.031** 0.030** 

[0.013] [0.018] [0.013] [0.014] 

Availability zones 
0.002** 0.003*** 0.002 0.002 

[0.001] [0.001] [0.001] [0.002] 

IT share 
2.892*** 1.546*** 1.482*** 1.136* 

[0.469] [0.440] [0.456] [0.583] 

Manufacturing share 
 0.499 0.552 0.721** 
 [0.366] [0.367] [0.341] 

Agriculture share 
 -0.914 -1.085 -1.339 
 [0.894] [0.932] [0.970] 

Log (GDP pc) 
 0.355*** 0.260** 0.307* 
 [0.113] [0.120] [0.175] 

Log (Capital formation) 
 -0.002 0.012 -0.001 
 [0.039] [0.036] [0.038] 

Log (Urban) 
 -0.191 -0.939 -1.098 
 [0.595] [0.688] [0.705] 

Log (TFP) 
 0.006 0.075 0.066 
 [0.194] [0.167] [0.172] 

Log (FDI) 
 -0.004 -0.004 -0.002 
 [0.003] [0.003] [0.003] 

Log (Electricity cost) 
 -0.011 -0.008 -0.005 
 [0.021] [0.019] [0.018] 

Time trend 
  0.008*  

  [0.004]  

Country fixed effects Yes Yes Yes Yes 

Year fixed effects No No No Yes 

R-squared 0.581 0.740 0.748 0.774 

Observations 225 190 190 190 

Note: Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
Source: Telecom Advisory Services analysis 

 
First, we start in column (i) with a simple estimation without control variables and 
temporal effects, thus effectively assuming our empirical specification with the 
restriction 𝜆 = 𝛾 = 0. All cloud related variables present positive and statistically 
significant coefficients, as it could have been expected from the literature review. 
However, this result may be capturing the incidence of other variables linked to 
digitization and energy productivity, as we may be in the presence of an omitted 
variable bias. For that reason, in column (ii) we relax the previous assumption 
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regarding 𝜆 and introduce the prepared set of controls in the estimation to check 
whether the effect of cloud computing on energy productivity is robust to the 
addition of other factors which may be affecting this latest variable. Results again 
verify the relevance of cloud-related variables as drivers of energy productivity, 
although the coefficients for cloud penetration and IT share on the economy now are 
smaller. The fact that now GDP per capita control presents a positive and significant 
coefficient suggests that in the estimation without controls, possibly the ICT 
variables were capturing some effect associated with economic development not 
absorbed by the country fixed effects. Beyond this adjustment in the magnitude of 
the effect, it can be said that the incidence of cloud computing on energy productivity 
seems to be robust to the addition of further control variables. 
 
However, the previous estimates still do not include temporal effects (𝛾 = 0). The 
omission of this control may be making ICT-related variables to be capturing some 
effect attributable to exogenous technological progress. Therefore, in column (iii) we 
introduce a time-trend in the estimation, which is positive and significant at a 10% 
level, effectively suggesting a common trend of productivity improvement across the 
countries considered. As for the coefficients associated with cloud computing, again 
there is a reduction in its magnitude, thus suggesting that previous estimations were 
absorbing a higher-than-expected effect. In addition, the coefficient associated with 
availability zones becomes insignificant from a statistical viewpoint. This is not 
surprising, as the effect of big cloud hyperscalers has to be analyzed from a trans-
national perspective, as these investments are usually done to serve groups of 
countries rather than for domestic demand only. Finally, in column (iv) we test a 
different alternative to account for temporal factors, introducing year fixed effects. 
Again, ICT coefficients are slightly reduced, while in the case of the IT share the 
significance level is now 10%. In this last specification, we are explaining more than 
77% of the within-country variation in energy productivity across the period, as 
denoted by the R-squared. However, none of the year fixed effects are statistically 
significant,10 meaning that our preferred estimation should be that reported in 
column (iii). All in all, we can argue that increases in cloud adoption and a strong IT 
industry can be considered drivers of energy productivity, and these results are 
robust to the introduction of fixed effects, an extensive list of control variables, and 
temporal effects.  
 

In sum, the baseline model regressing cloud adoption, hyperscaler deployment and 
share of IT value indicates that the deployment of a new availability zone will result 
in an energy productivity increase of 0.2%, although in some estimates this value 
becomes insignificant from a statistical viewpoint. As indicated in all the models, 
when adding multiple controls to model (i) as well as the time trend and year fixed 
effects, the impact of cloud adoption, and IT share remains significant. In model (ii), 
availability zone deployment also remains significant when adding controls. 
 
C.2. Cloud Model augmented with spatial effects 
 
We reformulate our baseline model to incorporate these cross-country spatial 
spillovers derived from the deployment of availability zones. This will consist in 

 
10 The coefficients associated to year dummy variables are not presented in Table 6 for brevity, 
although are available for the readers upon request.  
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introducing as explanatory variable a new variable linking a country energy 
productivity with the deployment of availability zones across neighboring countries:  
 
log(Energy productivity𝑖𝑡)

= 𝛼𝑖 + β log(Cloud𝑖𝑡) + 𝛿 Availability zones𝑖𝑡 + 𝜏 𝑊Availability zones𝑖𝑡

+ 𝜑 IT share𝑖𝑡 + 𝜆 𝑋𝑖𝑡 + 𝛾𝑡 + 𝜀𝑖𝑡 

 
Where we define the spatial availability zones variable as it follows:  
 

𝑊Availability zones𝑖𝑡 = ∑ 𝑤𝑖𝑗Availability zones𝑗𝑡

𝑗≠𝑖

 

In the previous definition, 𝑤𝑖𝑗 accounts for a spatial weight that links any country 𝑖 

will all the remaining countries 𝑗. This will mean that we expect 𝜏 > 0, because of 
the spatial spillovers. To account for the spatial weights, we developed an (inverse) 
distance spatial weights matrix, row normalized. This means that all the countries 
are connected, although with diminishing intensity depending on the geographical 
proximity. An important remark here is that all world countries were considered in 
the building of the spatial weight’s matrix and in the calculation of the W Availability 
zones variable. Therefore, even if our sample is restricted to 38 economies, we are 
considering all countries with availability zones being deployed, and thus, the 
parameter 𝜏 is also capturing the effects of availability zones being deployed in 
countries not included in our dataset. 
 
After building the spatial variable, we re-estimate the model and present the results 
in Table C-2. An interesting result is that the availability zones variable is no more 
significant under any specification, while the opposite happens with the W 
availability zones variable that accounts for spatial spillovers, which is always 
positive and significant. This effectively proves that a country being close to a 
availability zone will derive energy productivity gains. In other words, the 
deployments of cloud hyperscalers are expected to generate positive effects in 
neighboring countries that are being served by that infrastructure. The 
quantification of the effect varies depending on each specific case, but we can 
provide a specific example to get a measure of the effect: a new availability zone 
being deployed in Italy will generate an increase of energy productivity of 0.05% in 
Greece, as assumed as the most conservative impact that of model (i). 
 
In addition, the coefficients associated with the cloud adoption and IT share 
variables remain positive and significant, reinforcing the relevance of these 
indicators to explain disparities in energy productivity. Relying in the most 
conservative of these estimates, we can say that a 1% increase in cloud penetration 
will yield a 0.023% increase in energy productivity, while on the other hand, if the 
weight of the IT sector in the economy increases in one percentage point (e.g., from 
4% to 5%), energy productivity will increase by 1%. 
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Table C-2. Spatial model: Fixed Effects spatial estimation of energy 
productivity drivers  

Dep. var.: log (Energy productivity)  (i) (ii) (iii) (iv) 

Log (Cloud) 
0.037** 0.023** 0.035*** 0.029** 

[0.015] [0.011] [0.011] [0.014] 

Availability zones 
0.001 0.001 0.002 0.002 

[0.001] [0.002] [0.001] [0.002] 

W Availability zones 
0.044*** 0.057** 0.078** 0.077* 

[0.014] [0.024] [0.035] [0.043] 

IT share 
2.299*** 1.466*** 1.505*** 1.041* 

[0.458] [0.375] [0.351] [0.529] 

Manufacturing share 
 0.584 0.559 0.616* 

 [0.367] [0.365] [0.338] 

Agriculture share 
 -1.189 -1.106 -1.284 

 [0.856] [0.795] [0.787] 

Log (GDP pc) 
 0.213 0.263** 0.356** 

 [0.129] [0.120] [0.175] 

Log (Capital formation) 
 -0.013 -0.032 -0.038 

 [0.033] [0.031] [0.034] 

Log (Urban) 
 -0.835 -0.258 -0.486 

 [0.736] [0.781] [0.714] 

Log (TFP) 
 0.184 0.176 0.126 

 [0.127] [0.124] [0.133] 

Log (FDI) 
 -0.002 -0.001 0.000 

 [0.003] [0.003] [0.003] 

Log (Electricity cost) 
 -0.002 -0.001 0.001 

 [0.014] [0.014] [0.013] 

Time trend 
  -0.009  

  [0.005]  

Country fixed effects Yes Yes Yes Yes 

Year fixed effects No No No Yes 

R-squared 0.620 0.778 0.783 0.798 

Observations 225 190 190 190 

Note: Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
Source: Telecom Advisory Services analysis 

 
As indicated in all the models, even when adding multiple controls to model (i) as 
well as the time trend and year fixed effects, the impact of cloud adoption, spatial 
effects, and IT share remains significant. 
 
C.3. Model accounting for dynamic effects  
 
While following a different empirical strategy, Atalla and Bean (2017) argue that 
there is a dynamic relationship between current and past values of energy 
productivity. To address this possibility in our model, we replicate previous 
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estimates but now including a lag of the dependent variable as right-hand 
regressors.11 Therefore, the empirical specification turns into the following: 
 
log(Energy productivity𝑖𝑡)

= 𝛼𝑖 + 𝜃 log(Energy productivity𝑖𝑡−1) + β log(Cloud𝑖𝑡)
+ 𝛿 Availability zones𝑖𝑡 + 𝜏 𝑊Availability zones𝑖𝑡 + 𝜑 IT share𝑖𝑡 + 𝜆 𝑋𝑖𝑡

+ 𝛾𝑡 + 𝜀𝑖𝑡  
 
Based on the previous equation, it is anticipated that energy productivity will be 
influenced by its own previous value. From an econometric viewpoint, incorporating 
the lagged dependent variable as a regressor is likely to result in a correlation with 
the fixed effects in the error term. This correlation creates a "dynamic panel bias" as 
described by Nickell (1981) and violates the necessary assumptions for consistency 
in Ordinary Least Squares (OLS) estimators with fixed effects. 
 
Since our equation cannot be estimated using the traditional fixed effects approach 
due to these circumstances, we need to employ an estimation strategy that considers 
country-specific effects without encountering the "dynamic panel bias". In contrast 
to the traditional fixed effects approach, the estimator proposed by Arellano and 
Bond (1991) using the Generalized Method of Moments (GMM) is specifically 
designed for dynamic panels, without incurring in the biases associated with the OLS 
estimator for these models. The estimations with robust standard errors are 
presented in Table C-3.  
 
  

 
11 We tested a model including also a second lag of the dependent variable as regressor, although we 
discarded it as it was never significant. These results are available upon request. 
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Table C-3. Arellano-Bond dynamic panel of electricity productivity drivers 
Dep. var.: log (Energy productivity)  (i) (ii) (iii) (iv) (v) (vi) 

Log (Electricity productivity) t-1 
0.271** 0.203** 0.214** 0.233** 0.200** 0.219** 

[0.106] [0.089] [0.094] [0.097] [0.092] [0.104] 

Log (Cloud) 
0.059*** 0.037*** 0.034** 0.037** 0.035** 0.037** 

[0.012] [0.014] [0.017] [0.017] [0.017] [0.018] 

Availability zones 
0.002** 0.002* 0.002** 0.001 0.002 0.001 
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001] 

W Availability zones 
    0.073*** 0.049* 
    [0.022] [0.027] 

IT share 
1.239*** 0.846 0.724 0.421 0.732 0.362 

[0.358] [0.711] [0.710] [0.736] [0.558] [0.635] 

Manufacturing share 
 0.462** 0.456* 0.647*** 0.532** 0.621*** 
 [0.227] [0.236] [0.163] [0.233] [0.171] 

Agriculture share 
 0.733 0.900 0.658 0.814 0.625 
 [1.066] [1.077] [1.142] [1.096] [1.133] 

Log (GDP pc) 
 0.454*** 0.453*** 0.436*** 0.399*** 0.441*** 
 [0.112] [0.100] [0.167] [0.097] [0.165] 

Log (Capital formation) 
 0.000 0.004 -0.014 -0.026 -0.030 
 [0.044] [0.045] [0.040] [0.038] [0.037] 

Log (Urban) 
 -0.861* -0.887 -1.070* -0.587 -0.875 
 [0.494] [0.663] [0.557] [0.800] [0.594] 

Log (TFP) 
 0.011 0.007 0.032 0.086 0.058 
 [0.141] [0.139] [0.141] [0.138] [0.139] 

Log (FDI) 
 -0.002 -0.002 -0.001 -0.000 -0.000 
 [0.004] [0.003] [0.003] [0.003] [0.003] 

Log (Electricity cost) 
 0.009 0.009 0.014 0.007 0.013 
 [0.011] [0.011] [0.010] [0.009] [0.009] 

Time trend 
  0.000  -0.012**  
  [0.004]  [0.005]  

Year fixed effects No No No Yes No Yes 

Observations 183 135 135 135 135 135 

Note: Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
Source: Telecom Advisory Services analysis 

 
In all cases, the dynamic effects seem to account, as energy productivity seems to 
depend on its past values. More importantly for our purposes, the economic effect of 
cloud computing penetration seems to be unchanged after following this estimation 
strategy. Moreover, the coefficient associated with availability zones seems to be 
more relevant than in previous estimates, being significant even when incorporating 
the trend effects (column (iii)), although it loses significance in further estimates. In 
any case, the spatial effects remain relevant, as denoted by the coefficient associated 
to the spatial lag of availability zones. 
 
Changes arise with respect to the IT share variable, as now it loses significance when 
introducing the set of control variables. This means that controlling for structural 
factors denoted in previous values of energy productivity reduces the relevance of 
the IT sector as a regressor, possibly because now the negative side of IT (such as 
rebound effects and high energy consumption from electronic devices) seem to 
counteract the positive effects. 
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As for the control variables, income per capita remains an important driver of energy 
productivity, while now, after controlling for past values of the dependent variable, 
the manufacturing weight exhibits a positive and significant sign. In addition, the 
urban variable presents a negative and significant (at 10%) coefficient in some of 
the estimates, suggesting that the migration of people to urban areas can be 
associated with them starting to conduct more energy intensive activities. 
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APPENDIX D. DATA SOURCES FOR COMPARATIVE ANALYSIS OF 
ENERGY PRODUCTIVITY BY SECTOR 
 
Value added for each economic sector was extracted from the Eurostat database.12 
As for electricity consumption, Eurostat also reports data for all manufacturing 
industries but does not provide data on electricity consumption for agriculture, 
forestry and fishing, and IT. In this case, agriculture and fishing electricity 
consumption data was obtained from International Energy Agency (IEA).13 While 
those estimates do not contemplate forestry, we believe that electricity consumption 
of this subsector can be considered de minimis.  
 

Table D-1. Data sources for calculating sector energy productivity 

Sector Detailed definition 
Data source 

for Value 
Added 

Data source for 
electricity 

consumption 

Food   
Manufacture of food products; beverages and 
tobacco products 

Eurostat Eurostat 

Textile   
Manufacture of textiles, wearing apparel, 
leather and related products 

Eurostat Eurostat 

Wood   
Manufacture of wood and of products of wood 
and cork, except furniture; manufacture of 
articles of straw and plaiting materials 

Eurostat Eurostat 

Paper   Manufacture of paper and paper products Eurostat Eurostat 

Rubber and plastic   Manufacture of rubber and plastic products Eurostat Eurostat 

Metals Manufacture of basic metals Eurostat Eurostat 
Agriculture  Agriculture, forestry and fishing Eurostat IEA 

IT Information and Communication Eurostat 
Estimated from data 
provided by IEA, ITU, 
and Data Center Map 

Source: Telecom Advisory Services analysis 

 
Electricity consumption for the IT sector had to be estimated from several data 
sources by relying on the following approach (see figure D-1).  
  

 
12 
https://ec.europa.eu/eurostat/databrowser/view/nrg_d_indq_n__custom_9203481/default/table?l
ang=en 
13 https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-
browser?country=WORLD&fuel=Energy%20consumption&indicator=ElecConsBySector 
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Figure D-1. Methodology for estimating energy productivity in the IT sector 
 

 
Source: Telecom Advisory Services 

 
As indicated by the IEA, the two primary sources of electricity consumption 
associated with the IT industry are telecommunication networks, and data centers. 
The IEA reports values for both segments for 2015 and projects 2022 levels based 
on an interval.14 Based on a constant compound annual growth rate and on the 
conservative forecast provided by IEA for 2022, we estimate a 2021 global 
consumption of electricity of 254 million MWh generated by telecommunications 
network traffic and 234 million MWh by data centers. By considering the global data 
traffic for 2021 (3,310 exabytes, estimated from IEA), and the total number of data 
centers (5,065 as detailed in Data Center Map15), we estimate that, on average, each 
exabyte of data traffic requires annually 76,694.51 MWh, while each data center 
consumed on average 46166.70 MWh.  
 
As a reliability check, we compare the estimated values of IT electricity consumption 
with the figures estimated in Montevecchi et al. (2020). The authors estimated 
electricity consumption based on microeconomic drivers for cloud computing for 
France, Germany, Netherlands and the United Kingdom up to 2018: 11.68, 15.50, 
5.40 and 12 million MWh, respectively (see figure 18, page 58). These figures were 
calculated through chain ratios for the diverse IT components needed to deliver 
cloud (server, storage, network) and the infrastructure (cooling, UPS, other).  

 
Our data is based on 2021, so it is expected to represent higher values than that 
reported in Montevecchi et al (2020). Before conducting the direct comparison, we 
first must identify which share of our estimated total IT electricity consumption is 
attributable to cloud. To do so, we rely on Cisco figures for 2019, where nearly 90% 
of the workloads and compute instances in data centers in Western Europe were 
estimated to be cloud workloads and only 10% traditional workloads (Montevecchi 

 
14 https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-
networks#tracking 
15 https://www.datacentermap.com/datacenters/ 
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et al, 2020). On the other hand, measured by data center IP traffic, cloud computing 
will be responsible for 93% of the traffic in Western Europe in 2019 (Cisco, 2018). 
 
Therefore, by applying to our estimate of data center electricity consumption a share 
of 90% attributable to cloud, and to our estimates of data traffic consumption a share 
of 93% (also attributed to cloud), we can estimate the cloud computing electricity 
consumption in 2021 for France, Germany, Netherlands and the United Kingdom 
seems to be very consistent with Montevecchi et al. (2020) estimations for 2018 
(Table D-2). 
 

Table D-2. Calculation of electricity consumption for IT sector (2021) 

Country 

Estimations conducted for this study Estimations 
of 

Montevecchi 
et al. (2020) 
(MWh) for 
year 2018 

Electricity 
consumption of 
internet traffic 
(MWh) for year 

2021 

Electricity 
consumption of 

Data Centers 
(MWh) for year 

2021 

Electricity 
consumption 
of IT sector 
(MWh) for 
year 2021 

Electricity 
consumption of 

Cloud computing 
(MWh) for year 

2021 
France 6758202.629 7709692.279 14467892.13 11681912.12 11680000 
Germany 8088100.915 11402956.34 19491057.26 15504004.07 15500000 
Netherlands 1570090.145 5632229.506 7202319.651 5402745.989 5400000 
United 
Kingdom 

10483955.61 13203424.45 23687380.06 21633161.75 12000000 

Sources: International Energy Agency; International Telecommunication Union; Data Center Map, 
Telecom Advisory Services analysis 

 
Having validated our estimated electricity consumption for the IT sector in each 
country, and the value added for this sector reported in Eurostat, we can now 
calculate the electricity efficiency of this industry and compare it with the rest of the 
sectors across each country.  
 
 

 


