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8. Environmental impact of the energy system
In this section we examine the impact of Menorca’s energy system on health and the environment. We
focus on the direct emissions associated with fossil fuel consumption on the island, leaving to one side the
effects associated with extraction, transport and refining. These external processes are inextricably linked
to Menorca’s energy consumption and are certainly significant, but they are beyond the scope of the present study.

8.1. Impact on the global climate: CO2 emissions and climate change
There is an almost unanimous scientific consensus linking global warming to human activity. Data and observations from across the globe leave no doubt that climate change is occurring, and scientific evidence
shows that the primary cause is the increase, as a result of human activity, in atmospheric levels of greenhouse gases such as carbon dioxide (CO2) and methane (CH4), among others.
Figure 8.1. shows the change in direct CO2 emissions due to energy consumption in Menorca, along
with the limits set by the Kyoto Protocol and the EU 20-20-20 objectives, assuming Menorca’s commitments to be the same as those of Spain as a whole (OBSAM 2015). Spain’s Kyoto Protocol commitment
was for average emissions for the period 2008-2012 not to exceed 15% above their 1990 level, something
Menorca did not achieve. For the period 2013-2020, Europe assigned Spain a limit relating to their 2005
emissions, which for Menorca would set a limit of 50% above 1990 emissions. This had been achieved up
to 2014, but in 2015 the threshold was exceeded.
Here we only consider emissions from fossil fuel consumption within the island’s limits. This includes
the power station, the island’s buildings, land and air transport using fuel supplied in Menorca, as well as
the electricity imported from Mallorca. We do not include emissions linked to maritime transport, or those
not linked directly to energy consumption (livestock, the emissions associated with imports and exports,
etc.). Nor do we include emissions from the industrial use of natural gas.
Analysis of CO2 emissions per person per year (see Fig. 8.2.) shows levels starting to rise again in
2015, a reversal of the post-2008 trend. In the period 1999-2008, per capita emissions relating to the legal
(registered) population were almost constant at around eight tonnes of CO2 per person per year. Emissions
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with respect to the de facto population (the registered population plus visitors), however, rose continuously
from 20000 until 2005, before falling again until 2013. This cycle closely follows that of the island’s economic activity, which is driven primarily by fossil fuels. Therefore, Menorca’s economic growth in the early years
of the 21st century has not only led to an increase in emissions, but also an increase in per capita emissions.

1 Figure 8.1. Direct CO2 emissions due to energy consumption in Menorca. Source: OBSAM.

1 Figure 8.2. Direct CO2 emissions per capita due to energy consumption in Menorca. Source: OBSAM.

Figure 8.3. shows the CO2 emissions associated with the energy flows from the Sankey diagram
representing Menorca’s energy system (see Fig. 4.1. from section 4). This diagram shows the emissions
attributable to the energy losses in each sector from the Sankey diagram (including energy loss during final
use and during generation, transport and distribution).
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1 Figure 8.3. Sankey diagram of direct CO2 emissions from Menorca’s energy system for 2013 by sector. Units: tonnes of CO2.
Source: Prepared by the authors.

Emissions from Menorca’s energy system in 2013 totalled 663.089 tonnes. To understand the scale of
this figure, we can compare it to the total amount of municipal solid waste generated in Menorca in 2013,
which was 53.392 tonnes (Menorca Consortium of Urban Waste and Energy) or to the total volume of
goods entering Menorca in 2011, which was 742.385 tonnes (OBSAM). Two thirds of these emissions are
directly linked to energy loss in the system.
It is worth noting the significant role of electricity, which is responsible for 55% of emissions despite
only accounting for 30% of final energy consumption. This is due to the poor efficiency of the thermal
electricity generation process at the Maó thermal power station, which is the island’s main consumer of
petroleum products.
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Analysis of emissions by sector (see Fig. 8.4.) highlights the fact that as a result of the high consumption and poor efficiency of electricity generation, the service and residential sectors jointly account for over
56% of CO2 emissions, despite representing only 35% of final energy consumption.
4,22%

■
■
■
■
■
■
■
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7 Figure 8.4.
Direct CO2 emissions from
Menorca’s energy system
for 2013 by sector.
Source: Prepared by the authors.
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8.2. Impact on health and ecosystems: gas and harmful particle emissions
Gas and particle emissions have been calculated using OBSAM, European Environment Agency (EEA), and
our own data. We have used 2013 as our year of reference to provide an exhaustive quantitative analysis
of emissions, specifically those generated within the island’s territory. For the airport, we have calculated
the emissions associated with landing and take off of aircraft, known as LTO. We did not have access to
comparable data for maritime transport.
EMISSIONS [kg]

SOURCE OF
EMISSIONS

CO

NOx

Thermal power station

764.148

3.618.274

996.423

98.527

Land transport

2.070.954

471.658

1.877

31.613

Primary sector

18.044

130.751

6.662

8.328

Diesel boilers

5.211

62.529

15.980

1.042

LPG

2.137

29.915

64

2.137

Biomass

4.310

3.525

184

1.186

83.671

110.199

7.287

739

Air transport

SOx

PM

1 Figure 8.5. Table showing gas and particle emissions by source. Source: Prepared by the authors.

Figure 8.5. demonstrates that the two principal sources of pollutants are the power station and land
transport. The following subsections offer a detailed explanation of the properties of the substances in the
table above, as well as how their emissions are distributed between the various sectors/sources. We have
used data from Menorca’s air quality analysis stations, which are shown in figure 8.6. The three current
stations (shown in red) are located in Ciutadella (The Ciutadella Measuring Station, which belongs to the
Regional Government of the Balearic Islands) and Maó (The Pous Measuring Station and the Sant Lluís
Measuring Station, which belong to Endesa). The map also shows the principal sources of emissions (in
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black): the Maó power station, the airport and the ports of Maó and Ciutadella. The other sources of emissions are spread out across the island.
It is important to distinguish the emissions calculations, which involve applying emissions ratios to
the different fuels used, from the air quality measurements made by the stations, which quantify the actual
atmospheric particles and compounds detected by the measuring equipment.

1 Figure 8.6. Map showing the locations of principal sources of emissions (in black) and air quality analysis stations (in red).
Source: Prepared by the author using IDE Menorca map.

For each pollutant we have prepared a chart based on the air quality reports from the atmosphere
department of the regional government (Regional Government of the Balearic Islands, 2016), showing the
relationship between the measurements recorded (VR) and the legal limits (LRV) shown in figure 8.7.
Value recorded (VR)
as compared to legislative reference value (LRV)

AIR QUALITY

VR ≤ (1/3)LRV

Excellent

(1/3)LRV < VR ≤ (2/3)LRV

Good

(2/3)LRV < VR ≤ LRV

Satisfactory

VR > LRV

Poor

1 Figure 8.7. Air quality evaluation criteria. Source: Regional Government of the Balearic Islands, 2016.
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8.2.1. Nitrogen oxides (NOx)
Nitrogen oxide emissions (mostly NO and NO2) are result of the release of the nitrogen from fuel when it
burns, as well as reactions with nitrogen in the atmosphere (remember that air is 78% nitrogen). The formation of nitrogen oxides depends on the temperature of the reaction, and these compounds can be prevented from forming by reducing the temperature at which combustion takes place, such as by emulsifying fuel
with water before it is injected into the combustion chamber.
Along with solar radiation, nitrogen oxides are the main cause of smog, which is a major problem for
large cities. Nitrogen oxides are a precursor of tropospheric ozone, which they form in the presence of
sunlight. They also cause acid rain.
Respiratory problems are the most significant of the many harmful effects of NOx on human and animal
health (they also react with other atmospheric gases to form further toxic products).
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7 Figure 8.8.
Distribution of NOx
emissions by source.
Source: Prepared
by the authors.

11%

NOx

82%

As shown in figure 8.8., the majority of NOx emissions in 2013 (82%) came from the Maó thermal power station, meaning that there is a high concentration of emissions within a very reduced area, potentially
exacerbating the effects in the power station’s immediate surroundings, including the city of Maó.
However, official air quality reports for the last 8 years rate the air quality throughout the island as excellent with regard to NO2, as shown in figure 8.9.

NO2
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Ciutadella
Pous
Sant Lluís
1 Figure 8.9. Air quality with regard to NO2 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.
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8.2.2. Sulphur oxides (SOx)
Sulphur oxide emissions, mostly in the form of sulphur dioxide (SO2), are directly related to sulphur content
in fuel. They therefore tend to be much higher in heavy fuels (for example fuel oil used in the Maó power
station generators) than in lighter or refined fuels such as natural gas (which has a negligible sulphur content, as shown in figure 8.10.
Sulphur dioxide (SO2) is a toxic gas, with a strong, irritating smell and a yellowish colour. It is a wellknown cause of acid rain and can be severely harmful to human health, causing respiratory symptoms and
even premature death (United States Environmental Protection Agency, US EPA, 2017). It is also harmful
to animals and plants.
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7 Figure 8.10.
Distribution of SOx
emissions by source.
Source: Prepared
by the authors.

SOx

97%

As we can see from figure 8.10., 97% of SOx emissions in Menorca came from the Maó thermal power
station in 2013, with such a high concentration in this limited area meaning that once again there is the
potential for elevated levels of the pollutant in the power station’s immediate environment.

1 Figure 8.11. Hourly average distribution of SO2 particles recorded in air quality analysis stations, 2009-2016.
Source: Prepared by the authors.
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As shown in Figure 8.11., the Pous Measuring Station (the closest to the furnace) recorded the highest
values for SO2 emissions. Surprisingly, however, this was the only station whose data produced a curve
corresponding to the island’s electricity demand (see figure 5.8., section 5), and that could therefore be
linked to the emissions from the Maó thermal power station. Nevertheless, as we can see from figure 8.12,
all of the air quality analysis stations in Menorca rate air quality as excellent with regard to SO2.
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Ciutadella
Pous
Sant Lluís
1 Figure 8.12. Air quality with regard to SO2 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

8.2.3. Particles (PM)
Particle emissions (or particulate matter, PM) result from the combustion of heavy fuel, such as the fuel oil
used by the 2-stroke diesel generators at the Maó thermal power station, which also contains lubricating
oils. The physical and chemical properties of these particles vary depending on the type of fuel and the
combustion process. These particles are classified according to their size, with PM10 (particulate matter with
a diameter of less than 10 micrometers) and PM2,5 (less than 2,5 micrometers) the most common.
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7 Figure 8.13.
Distribution of PM
emissions by source.
Source: Prepared by the authors.
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In 2013, 69% of particles were emitted by the thermal power station, while land transport accounted
for 22% and other sources of emissions, only 9%, as shown in figure 8.13.
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1 Figure 8.14. Air quality with regard to PM10 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

Air quality was rated as good with regard to PM10 (see Fig. 8.14.), though it is worth noting that the Sant
Lluís station registered higher values than the other air quality analysis stations.

8.2.4. Tropospheric ozone (O3)
Tropospheric ozone is a secondary atmospheric pollutant because it is formed by the chemical reaction of
other pollutants known as precursors, principally NOx in the presence of sunlight. It should be noted that
not all tropospheric ozone precursors are a result of human activity. Vegetation, for example, is responsible
for the emission of organic compounds with the potential to form ozone.
Ozone can be harmful to humans at high concentrations, for example by irritating the respiratory system. Since it is a secondary pollutant, its emission sources are impossible to measure. However, it is possible for air analysis stations to measure levels of tropospheric ozone. Figure 8.15. shows that tropospheric
ozone is the pollutant with the most concerning levels at all three of Menorca’s air quality analysis stations.
Air quality with regard to O3 is found to be satisfactory and sometimes poor, such as in Ciutadella in 2013.
It is important to remember that poor air quality means that the values measured surpassed the legal limits
aimed at safeguarding human health.
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Sant Lluís
1 Figure 8.15. Air quality with regard to O3 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

8.2.5. Carbon monoxide (CO)
Carbon monoxide is an intermediate product in combustion reactions. It is a chemical precursor of tropospheric ozone and inhibits the transport of oxygen in the blood. It is considered toxic in quantities above 35
ppm.
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7 Figure 8.16.
Distribution of CO
emissions by source.
Source: Prepared
by the authors
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As shown in Figure 8.16., the principal source of CO emissions is land transport. It is unsurprising that
the thermal power station is not the primary source of emissions for this pollutant, because its engines
and turbines operate in very stable conditions, so its combustion process is highly controlled, preventing
the emission of CO into the atmosphere. Menorca’s air quality analysis stations do not have any means of
measuring carbon monoxide levels.

8.2.6. Other pollutants
It should be noted that while we have offered an exhaustive analysis of the principal atmospheric pollutants,
there are others, including benzo(a)pyrene and the heavy metals such as arsenic (As), cadmium (Cd), lead
(Pb) and nickel (Ni), that are also usually considered when analysing air quality. In Menorca, only the air
quality analysis stations in Ciutadella (As, Cd, Pb, Ni) and Pous (Cd, Pb) are capable of measuring heavy
metal particle levels. The air quality for the entire period 2009-2016 has been excellent with regard to all of
these metals.

8.3. Economic consequences of environmental impact
The economic repercussions of the environmental impact discussed here fall into two main categories:
indirect repercussions linked to climate change and direct repercussions due to the impact on health and
ecosystems.
The impact of climate change affects various sectors of Menorca’s economy, as well as altering its
ecosystems in ways which we can currently only assess qualitatively. Climate change is affecting weather
patterns which, according to current scientific consensus, will in turn affect patterns of rainfall in the Mediterranean zone where Menorca is located, leading to an increasingly arid climate. This trend will exacerbate
the pressure on water resources, which currently rely on rain for groundwater recharge. Crops will also be
affected, with a reduction in yields likely. Ecosystems will also suffer from this water scarcity, weakening
forests and disrupting flowering cycles, as well as putting pressure on many species adapted to the region’s
current climate cycles. The predicted temperature rises will also have a transformational effect on ecosystems, threatening key species with extinction, such as the seagrass Posidonia oceanica, which forms
incredibly rich ecosystems. Rising sea levels are another consequence of climate change and could submerge some of the island’s beaches as well as affecting its port infrastructure. The impact of climate change
is likely to be felt across the Menorcan economy, from the primary to the tertiary sector. The magnitude of
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this impact is difficult to quantify, but we will need to find a way to estimate it if we are to understand the
economic challenge posed by the mitigation of and adaptation to climate change.
The health impact of air pollution also has direct economic consequences. In 2014, in order to evaluate these consequences, the European Environment Agency (EEA) produced a report estimating the
economic impact of the 14.325 most polluting industrial facilities in Europe for the period 2008-2012. The
report quantifies the economic losses incurred due to labour and health costs associated with air pollution.
This report attributes costs of between 91 and 257 million euros to the Maó thermal power station for the
period in question. The Maó power station occupied the 600th position in order of economic costs due to
gas emissions.
The information from our analysis leads us to the conclusion that we are still at an early stage in terms
of understanding the environmental impact of Menorca’s energy system in economic terms. We will need
to deepen our understanding of these economic costs if we are to take measures to combat the problems
discussed above.

8.4. Summary
• Menorca’s energy system contributes to climate change with the emission of over 600.000 tonnes of
CO2 every year, half of which is released by the Maó thermal power station.
• According to official reports from the last 8 years, ozone is the only pollutant that Menorca’s three air
quality analysis stations have detected at levels above the legal limits.
• Mitigating and adapting to the effects of climate change represents a major economic challenge, given
its potential impact on all sectors of the island’s economy.
• A report by the European Environment Agency from 2014 estimates the labour and health costs associated with the emissions from Menorca’s thermal power station at between 91 and 257 million euros for
the period 2008-2012, the 600th highest out of over 14.000 industrial facilities across Europe in terms of
economic costs due to gas emissions.
• Gaining a better understanding of the economic consequences of the environmental impact of Menorca’s energy system would be extremely beneficial to future decision making.
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