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Abstract. Hospitals generate a high amount of carbon dioxide emissions into the atmosphere
compared with residential and commercial buildings. Therefore, it is necessary to quantify and
identify the CO, emissions derived from energy consumption in hospitals, studying their
relationship with functional variables. The aim of this article is to analyze the CO, emissions
derived from the hospital energy consumption. In Spain, 14 hospitals were analyzed, studying the
built surface area and the number of beds in the period 2010-2014. The results showed that in a
hospital, the average annual CO, emissions divided by built surface area is around 0.10 Ton per
m?, and the annual CO; emissions divided by number of beds is around 13 Ton per bed. These
ratios will make it possible to benchmark hospital management and set targets for limiting
emissions into the atmosphere.

Keywords: CO, emissions; hospitals; healthcare engineering; project management.
1. Introduction

Hospitals are one of the buildings with higher CO, emissions into the atmosphere, compared
with residential and commercial buildings, due to their continuous and complex operation [1].
Mitigating climate change requires management strategies that reduce greenhouse gas emissions
[2]. It is estimated that an increase in greenhouse gas emissions into the atmosphere by human
action may lead to an increase in global terrestrial temperature. Hospitals need an acceptable
facilities design, a high construction quality and an effectiveness of the maintenance [3]. Hospitals
have a complex energy systems and conventional energy sources, i.e. heating oil, natural gas and
electricity [4]. Given the importance of the environmental impacts associated with greenhouse gas
emissions from the energy consumption of a hospital, it is interesting to deepen the quantitative
estimation of its CO, emissions [5].

The greenhouse gas emissions in hospitals varies depending on the type and year of
construction, the mode of operation, their location and the local climate [6]. The volume of modern
healthcare facilities, with a high number of activities and processes, has an important carbon
footprint; this impact must be managed by authorities and companies, from an economic point of
view, through energy efficiency [7], reduced emissions and use of a sustainable value chain [8].

In the UK, hospitals generate more than 18 billion tonnes of CO> per year, representing 25 %
of total public sector emissions [9]. Hospital activities are estimated to account for between 3 %
and 8 % of the climate change footprint in developed countries such as England or United States
of America [10].

Bakaimis y Papanikolaou (2017) estimated a 45 % reduction in the electricity consumption of
a Greek hospital resulting from the implementation of energy policies [11]. They proposed an
investment in photovoltaic panels and the change from current lighting technology to LEDs.

Jiang et al. (2012) conducted an energy audit of 22 tertiary hospitals in Tianjin [12]. They
calculated that the annual average carbon emissions was between 131 and 157 kg CO,/m?. In
addition, Blass et al. (2015) realized a literature review on environmental sustainability,
performance measurement, and healthcare operations management in hospitals [13]. In other
hand, Sung et al. (2011) analyzed the energy and carbon dioxide emission caused by power
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consumption [14] and Gordillo-Orquera et al. (2018) analyzed the electrical load predictability of
a large hospital and that of its associated primary care center [15].

Wang et al. (2016) conducted a survey at the Beijing Municipal Health Bureau in order to
assess the energy conservation efforts [16]. The results showed that the economic incentives,
appropriate technology, enforceable laws and regulations have become the most significant
obstacles to the improvement of energy efficiency.

Shi et al. (2019) analyzed the impact of hospital energy saving measures on hospital energy
consumption through a survey data of 4 hospitals in Xi'an [17]. The results showed that energy
consumption management in hospitals have a significant impact on the CO, emissions.
Nevertheless, in Spain, the CO, emissions from energy consumption in hospitals have not been
enough analyzed, although studies of others healthcare centers have been carried out [18].
Knowing the average values of greenhouse gas emissions allows to get reference limits useful for
controlling the environmental efficiency of a hospital.

The aim of this paper is to analyze and quantify the CO, emissions from energy consumption
in Spanish hospitals, according their built surface area and number of beds.

2. Methodology

A quantitative study was carried out in 14 hospitals located in Spain. The data analyzed were
obtained from European Union standard EMAS [19] between 2010 and 2014. EMAS recognizes
organizations that have implemented a system of Environmental Management.

Two variables were studied: the built surface area of a hospital and its number of beds.
Conversion factors were used to calculate the equivalent amount of renewable primary energy,
non-renewable primary energy and total primary energy from the final amount of energy
consumed by a given thermal installation in a building.

3. Results

The correlation between the average CO, emissions per year and the built surface area and the
number of beds is presented.

Fig. 1 shows the statistical correlation between the built surface area and the average annual
CO; emissions, expressed in Ton/m?. A high correlation (R? = 0.8855) was observed between the
variables average annual CO, emissions and built surface area.
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Fig. 1. Relationship between average annual CO2 emissions and hospital built surface area

Fig. 2 shows average annual CO, emissions per built surface area of the hospital, expressed in
Ton/m?,

The average annual CO, emissions divided by built surface area is 0.096 Ton COy/m?
(std =0.0221).
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The relationship between average annual CO; emissions (in Tonnes of CO;) and number of
hospital beds are presented in Fig. 3. The correlation coefficient (R?> = 0.7738) is the lowest than
the indicator annual CO, emissions per built surface area indicator.

The average annual CO, emissions per bed (Ton CO»/bed) is shown in Fig. 4.
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Fig. 3. Relationship between average annual CO2 emissions and number of hospital beds
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Fig. 4. Average annual CO: emissions per bed

The average annual CO, emissions according to the number of hospitals beds is 12.97 Ton
COy/bed (std = 3.349).
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4. Discussion

The results show that the annual CO, emissions of a hospital due to its energy consumption
are directly related to its built surface area and number of beds.

An adequate hospital maintenance policy must take into account and adequately control the
CO; emissions derived from energy consumption [20]. In addition, an adequate energy savings
will allow a proportional reduction in the hospital's CO, emissions. It is advisable to carry out
periodic audits to determine the annual CO, emissions in each hospital and the appropriate savings
measures [21].

The facades and roofs of hospital buildings can increase CO, emissions from energy
consumption; therefore, the materials that make them up must be chosen appropriately [22].

The legislation should incorporate a maximum limit on emissions of CO, and other greenhouse
gases in the construction phase of buildings. The embedded CO> is increasingly becoming a
significant part of the global carbon load of buildings [23]. This would favor the choice of
materials with less environmental impact in the design process [24]. The use of renewable energies
is an appropriate strategy to combat global warming, reducing CO, emissions and energy
dependency [25]. Therefore, it is also very important to optimize the design of healthcare
buildings [26].

The results of this research can serve as a starting point for the development of indicators to
quantify the exact consumption of CO, emissions in hospitals; although none of the CO; saving
measures may alter health and comfort of users [27]. It is also possible to establish quotas for
energy consumption and gas emissions in hospital buildings, as proposed by Li et al. [28].

It may be of interest to repeat research in other countries for to establish a comparison about
the environmental efficiency. Future researches would be focused in to correlate the building
quality with its CO, atmosphere emissions and to perform simulations of energy behavior [29].

5. Conclusions

In this research, the annual CO, emissions as a function of the number of beds and the built
surface area of a hospital was studied. The correlation found between the CO, emissions of a
hospital with its built surface area was 12.61 % higher than with its number of beds. The results
showed that the average annual CO, emissions from energy consumption in Spanish hospitals
divided by built surface area in a hospital is 0.10 Ton/m?. Average annual CO, emissions divided
by number of bed of Spanish hospitals is 13 Ton/bed.

During this study, it was observed that it is necessary a greater implication of the Spanish
managers, the sensitization in energetic saving of the users, and an adequate policy of energetic
improvement of the healthcare infrastructures to decrease the emissions of gases with greenhouse
effect to the atmosphere.

Hospitals should implement an environmental management system focused on minimizing
carbon dioxide emissions into the atmosphere. Quantifying a hospital’s CO, emissions allows
hospital managers to make benchmarking with other hospitals and analyze their energy
management policy. The path to efficient hospitals requires the incorporation of efficient energy
production and storage systems, the control of incorporated energy from the design of building
processes and elements, and the adoption of appropriate durability and rehabilitation strategies.
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