
In an effort to create awareness of energy 
efficiency in international supply chains 
and to establish infrastructure energy-
efficiency indicators, the Infrastructure 
Service Unit of the Natural Resources 
and Infrastructure Division of the United 
Nations Economic Commission for Latin 
America and the Caribbean is conducting 
research on energy consumption and 
efficiency in terminals in the Latin 
American and Caribbean (LAC) region 
and beyond. 

Background
Economic development has traditionally 
come with a transformation of mobility. 
Mobility constitutes an ontological 
ab so lu t e  f o r  emerg ing  soc i e t i e s . 
Nevertheless, the emerging demand for 
human and goods mobility comes at a cost, 
and at the same time, raises demand for 
energy. 

T h e  t r a d i t i o n a l  g e o g r a p hy  o f 
production and consumption is changing, 
accompanied by a shift of industrial 
production. Thus, economic growth 
and development is leading to a new 
configuration and scale of supply chains 
and sustainability challenges.

To date, transport and freight logistics 
have been inherently based on the 
consumption of fossil fuels (ECLAC, 
2013). Over recent years, the energy 
consumption of the transport sector in 
Latin America reached more than 2,000 
million ton equivalent petroleum (tep), 
representing one third of the regional 
energy matrix. On average, the transport 
sector’s share of the region’s overall energy 
consumption increased from 27% (1990) 
to 35% (2010) (Latin American Energy 
Organization (OLADE), 2013). 

Port throughput in LAC increased 
from 12.6 million TEU in 1997 to 46 

million TEU in 2013 (est.). Paired with 
the expansion of container activity over 
the last two decades, LAC experienced 
a changing geography of trade. This in 
itself constitutes a strong increase in the 
trade between Asia and LAC. In the 
containerised industry, volumes have 
seen particularly high growth rates in 
the reefer trade (BTI, 2012). In general, 
containerised reefer trade has been one of 
the fastest growing market segments in 
the liner shipping industry to and from 
LAC. Reefer cargo requires constant 
refrigeration to maintain the quality of the 
product and thus consumes a significant 
amount of energy while moving in the 
supply chain. Hence, reefer trade poses 
an additional pressure on efficient energy 
consumption besides the energy required 
for regular port activities and operations. 

Despite changes in scale and structure 
of LAC container trade, energy efficiency 
measures and strategies are hardly present 
in the region’s ports and terminals. As 
a matter of fact, only one port, the Port 
of Arica (Terminal Puerto Arica (TPA), 
2012) in Chile, has been certified with the 
ISO 50001 energy efficiency standard. 

In line with efforts to increase the 
sustainability of supply chains, energy 
consumption has been emerging as an 
important topic as it is directly connected 
to the three pillars of sustainability: the 
social, economic and environmental 
dimension. A reduction in energy 
consumption has direct impacts on 
emissions, reduces costs in the supply 
chain and, in developing regions, 
contributes to energy security. 

A c c i a r o , G h i a r a  a n d  C u s a n o 
(2013) argue that coordinated energy 
management cannot only lead to energy 
cost-savings, but also a port ’s role as 
an ‘energy manager’ can generate new 

businesses opportunities. For these reasons, 
port authorities and concessionaries should 
actively engage in the identification of 
energy flows and sources within their 
terminals (Acciaro, 2013). 

Governments are increasingly focusing 
on, and pressing for, more climate-
responsible strategies. However, these 
initiatives and policies usually focus on 
emissions as a symptom of industrial 
activity, but not on the causes, of which 
energy consumption is  one. Thus, 
a detailed understanding of energy 
consumption in logistics supply chains 
is a necessary first step to engage in 
strategies and policies towards more 
sustainable performance. Hence the 
question arises:

What are the sources of energy 
consumption in the terminal? The authors 
argue that the main challenge is to identify 
the energy sources, usage time and assign 
the energy consumption to certain port 
operations. 

While Fitzgerald et al (2011) discussed 
the energy consumption of on-board reefer 
containers, the authors are analysing the 
structure of energy consumption in Latin 
American terminals to get a first, detailed 
understanding on the role of different 
container types in a terminal’s energy bill. 
The discussion with terminal operators 
identified that within the industry, there 
is a very limited understanding of energy 
consumption patterns in terminals. 
This new data is part of an effort to 
comprehend emerging production and 
consumption processes, in order to support 
and reflect upon new policy initiatives and 
instruments. 

The research currently includes over 
50 terminals in Latin America, of which 
27 are container terminals, seven are 
petrol and gas terminals, and 16 are 
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bulk terminals located in nine different 
countries in the Latin American region. 
The figures, which are shown and analysed 
in the following, are based on the results 
from a selection of container terminals. 

Energy sources and general 
patterns of consumption
A  r e d u c t i o n  o f  f o s s i l  e n e r g y 
c o n s u m p t i o n  t h r o u g h  i m p r o v e d 
efficiency and electrification in ports has 
been perceived as part of the solution 
to reduce the dependence on fossil fuels 
in other parts of the world, but also in 
LAC. Currently, the majority of energy 
used in LAC ports is generated from 
fossil fuels. The analysis of the survey 
reveals that on average in container 
terminals, 36% of the energy used is 
electricity (Figure 1). These findings, on 
the one hand, show a huge potential to 
switch from fossil fuels to electricity and 
thus to reduce Scope 1 emissions. On 
the other hand, it indicates a significant 
challenge as such a conversion would 
have to be mitigated with investment in 
the energy grid and production in order 
to accommodate the new demand and 
particularly the demand peaks. At the 
same time, the results illustrate that the 

top: the authors’ research currently includes over 50 terminals in latin america, of which 27 
are container terminals; insert: Energy efficiency measures and strategies are hardly present in 
laC ports and terminals.
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Figure 1: Comparison of electricity consumption to fossil fuel consumption in kWh.
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share of electricity in the majority of the 
terminals under study is slowly starting 
to increase. Additionally, the distribution 
of energy consumption c lusters can 
vary considerably, mostly depending on 
the reefer share and, during the fruit 
season, it can easily increase to as much 
as 60% of a terminal’s total electricity 
consumption. 

The reefer challenge in energy 
consumption 
Between 2010 and 2011 , East Coast 
South America (ECSA) exported more 
than 700,000 TEU of refr igerated 
containers. Of the containerised reefer 
exports from the sub-region, 78% were 
meat products, amounting to more than 
400, 000 TEU. Chicken (whole and 
breasts), is the largest meat category 
exported, constituting 73% of all meat 
exports from the sub-region, followed by 
bovine with 57,000 TEU (14%). Swine 
meat constitutes 5% of meat exports, with 
19,000 TEU (APL Logistics, 2013).

Fresh fruit constitutes 10% of the 
containerised reefer exports from the 
region, with 53,000 TEU (APL Logistics, 
2013) . For instance, between 2009 and 
2011, Chilean containerised reefer exports 
of fresh and frozen fruit and fish increased 
from around 240,000 TEU to more than 
300,000 TEU, an increase of more than 
25% (Base de Datos Estadísticos de 

Comercio Exterior (BADECEL), 2012). 
One challenge of containerised reefer 

cargo is its seasonality (Vagle, 2013) as it 
creates significant variations and peaks in 
energy consumption, but also the peaks 
determine the amount of reefer plugs 
required for an efficient operation at the 
terminal. The peak fruit season lasts 
only three months and thus creates an 
oversupply of reefer infrastructure over the 
rest of the year.

A further characteristic of reefer 
cargo is that it is not uniform and needs 
to be categorised as frozen, chilled 
and controlled atmosphere cargo, with 
considerably varying energy consumption 
patterns. As opposed to the general belief 
that frozen cargo consumes the least 
amount of energy compared to chilled and 
controlled atmosphere cargoes, the authors 
argue that the latter two require a constant 
energy supply as the slightest temperature 
variations can impact negatively on the 
cargo’s quality. Furthermore, the authors 
asked:

What is the difference between the 
level of energy consumed by a reefer and 
a dry TEU, when taking into account all 
processes in a terminal? 

Figure 2 illustrates the difference 
in energy consumption between these 
two types of containers at a macro scale, 
without taking into account different 
types of reefer cargoes. In this particular 

case, energy consumption from fossil fuels 
and electricity was taken into account for 
refrigeration, terminal lighting, buildings, 
cranes and buildings. The calculations are 
based on an equation adapted from the 
methodology used in Buhaug et al (2009) 
on the comparison between reefer and dry 
containers. 

The results demonstrated in Figure 
2 show immense differences in energy 
consumed, comparing dry- and reefer-
cargo handling among all surveyed ports 
and terminals. The differences resulted 
from the energy consumed for cooling 
versus non-cooling of the respective cargo. 

Figure 3 shows the total energy 
consumption per reefer TEU over time 
and also demonstrates the energy used 
for the cooling of the unit. The results 
show on average a positive trend in terms 
of energy consumption. However, the 
reasons for these reductions need to be 
investigated at the individual terminal level 
to determine whether they stem from an 
increase in operational efficiency or are 
the result of technological change, the 
type of reefer cargo or even the conditions 
in which the cargo is delivered. (For a 
general discussion on advances in terminal 
productivity and technological change in 
LAC, see Wilmsmeier et al. 2013),

The latter was revealed in interviews 
with terminals. According to operators, 
reefer cargo is often packed and delivered 
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Figure 2: dry container versus reefer energy consumption (kWh).
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Figure 3: Comparison of diesel, electricity for general services and 
electricity for cooling per tEu in kWh)
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to the terminal in containers that are not 
pre-cooled. Thus, an important amount 
of energy is required to first cool down 
the units to the specified temperature. 
However, besides the greater need for 
energy, this habit also increases the supply-
chain risk to the cargo, which potentially 
jeopardises the quality of the products and 
thus creates logistical extra costs at a later 
stage of the cold chain.

Conclusions
The authors discuss the relevance 
of energy consumption as a base for 
identifying energy efficiency potential 
and carbon footprint calculations in 
Latin America. The research and field 
experiences when gathering data on the 
one hand disclosed the urgent need to 
create more awareness on the topic. On 
the other hand, very strong interest from 
terminal operators and stakeholders was 
received, as they became aware of the 
unused potential of introducing measures 
for improvement. 

Furthermore, the findings clearly show 
how important it is to have a detailed 
understanding of energy consumption 
patterns and sources, and how much 
more research is required to gain a full 
understanding of these issues. Beyond 
identifying consumption, this first research 
on energy consumption and efficiency 
in Latin American container terminals 
illustrates not only the environmental, but 
also the economic dimension of the energy 
discussion, and how this can contribute 
to converting container terminals into 
more sustainable infrastructures. The 
results presented are not only relevant 
for terminal operators, but also for policy 
makers, port authorities and transport 
and logistics operators, as these figures 
provide opportunities to compare different 
terminals and countries. 

By way of example, policy makers and 
port authorities should support ports 
and terminals to reduce their energy 
consumption and emissions in various 
ways, such as supporting terminals 
and other operators to establish ‘green’ 
technologies; developing differentiated 
port and terminal charges related to energy 
consumption; energy management for 
the port as a whole to allow, for example, 
load shedding, smart grid, (macro grid) 
applications; ‘broker’ to allow for ecologic 
(energy mix) and economic contracts 
with energy providers; and energy mix, 
including own energy production by 
for example wind farms, solar panel 
installations and tidal energy, among 
others. 

Further investigation on this topic is 
ongoing and aims at including terminals 
of all kinds across the whole LAC region 

and other regions, as well as to further 
specify energy efficiency indicators. At 
the same time, the dialogue with the 
terminal has been intensified, based 
on these first results, to engage in 
discussions on the underlying factors 
and determinants influencing current 
and past energy consumption patterns. 
F ina l l y, the  a im i s  to  determine 
a p p ro p r i a t e  e n e r g y  p e r f o r m a n c e 
indicators and targets for container 
terminals for benchmarking and to 

provide the basis for comparable carbon 
footprint calculations in the future. 

The overall objective is to include 
this topic as a main area of concern for 
future development and engage in direct 
and continuous dialogue with authorities 
and terminals based on tangible results. 
For these reasons, we call on ports and 
terminals interested in participating in 
our research to contact us to discuss or 
share information, concerns and visions 
on this subject.

About the authors

Gordon Wilmsmeier is an economic affairs officer in the Natural Resources and 
Infrastructure Division (DRNI) at the United Nations Economic Commission 
for Latin America and the Caribbean (UN-ECLAC); and honorary professor for 
maritime geography at the University of Applied Sciences in Bremen; and and 
visiting lecturer at Göteborg University, Sweden, and Universidad Nacional de San 
Martín, Argentina. His publishing includeshas published over 10 chapters in field- 
related books, over 35 refereed journal papers, 25 institutional publications as well 
asnd working papers. He is a council member of the International Association of 
Maritime Economists (IAME), member of the port performance research network 
(PPRN), member of the Sustainability Working Group of the European Freight 
and& Logistics Leaders Forum (F&L), member of the Transport Working Group of 
the German Association of Geographers, and associate member of PortEconomics.

Ann-Kathrin Zotz currently works as consultant in the Natural Resources and 
Infrastructure Division (DRNI) at UN-ECLAC in the areas of maritime transport, 
sustainable and energy efficient mobility, sustainable logistics and supply chains, 
climate adaptability of ports and terminals, policy regulation, infrastructure 
investments, as well as natural resource management. She holds a master’s degree in 
applied economics with a focus on International Trade, Finance and Development, 
jointly awarded by the Barcelona Graduate School of Economics, Pompeu Fabra 
University and the Autonomous University of Barcelona, Spain; she also has a 
bachelor of science degree in economics from Maastricht University, Netherlands.

About the organisation

PortEconomics is a web-based initiative aiming at generating and disseminating 
knowledge about seaports. It is developed and empowered by the members of the 
PortEconomics group, who are actively involved in academic and contract research 
in port economics, management, and policy. Since October 2012, Port Technology 
International and PortEconomics are engaged in a partnership. www.porteconomics.eu.

Enquiries

Gordon Wilmsmeier
Tel: +56 (2) 2210 2640
Mobile: +56 (9) 898 20 892
Fax: +56 (2) 2208 0484
gordon.wilmsmeier@cepal.org

Ann-Kathrin Zotz
Tel: +56 (2) 2210 2274
Mobile: +56 (9) 5372 3195
Fax: +56 (2) 2208 0484
annkathrin.zotz@cepal.org

Edit ion 63: September 2014   4 

EnvironmEnt and SuStainability


