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Abstract

:

Healthcare facilities in the United States account for 4.8% of the total area in the commercial sector and are responsible for 10.3% of total energy consumption in this sector. The number of healthcare facilities increased by 22% since 2003, leading to a 21% rise in energy consumption and an 8% reduction in energy intensity per unit of area (544.8 kWh/m2). This study provides an analytical overview of the end-use energy consumption data in healthcare systems for hospitals in the United States. The energy intensity of the U.S. hospitals ranges from 640.7 kWh/m2 in Zone 5 (very hot) to 781.1 kWh/m2 in Zone 1 (very cold), with an average of 738.5 kWh/m2. This is approximately 2.6 times higher than that of other commercial buildings. High energy intensity in the healthcare facilities, particularly in hospitals, along with energy costs and associated environmental concerns make energy analysis crucial for this type of facility. The proposed analysis shows that U.S. healthcare facilities have higher energy intensity than those of most other countries, especially the European ones. This necessitates the adoption of more energy-efficient approaches to the infrastructure and the management of healthcare facilities in the United States.
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1. Introduction


Healthcare facilities include physicians’ offices, dentists’ offices, outpatient and inpatient centers, medical laboratories, home healthcare facilities, general medical and surgical hospitals, and community care facilities. Healthcare facilities account for 4.8% of the total area of commercial buildings in the United States and are responsible for 10.3% of total energy consumption in this sector [1]. This amount of energy is responsible for a considerable level of environmental pollution and emissions, including acid rain (12%), greenhouse gas (10%), and air pollution (10%) [2]. Energy consumption in healthcare systems is mostly due to space heating, cooling, steam production, ventilation (air movement), lighting, equipment usage, domestic hot water, and cooking [3]. Finally, the biggest predictor of energy usage of these facilities is facility size (surface area), types of services, number of workers, number of beds, and geographical conditions.



In the past decades, significant attention has been paid to energy analysis and consumption optimization in various industries and buildings. Among those, the energy-savings opportunities for healthcare facilities (especially hospitals, considering their relative size) are of significant interest. Increasing energy prices, lack of natural resources for energy generation, and sustainability-based standards to enforce energy consumption and CO2 emissions minimization necessitate the analysis of energy consumption in these systems. Among healthcare facilities, hospitals are one of the most energy-intensive buildings in the United States due to their continuous energy usage patterns and various types of activities [4]. Among healthcare facilities in the U.S., large hospitals constitute 47% of the total area and are responsible for 64% of total energy consumption. Because more than half of the energy usage in healthcare systems occurs in hospitals, this study mostly concentrates on energy consumption data in hospitals. In 2012, the Energy Information Agency (EIA) reported that the U.S. commercial sector was responsible for 1036 million metric tons of carbon dioxide in the year 2003 and 10,073 million metric tons of carbon dioxide in the year of 2008 [1]. Since healthcare facilities are a big part of the commercial sector, it is very important for any healthcare facility to use energy efficiently. The study of healthcare facility energy utilization allows us to look for efficient ways to implement energy management improvements. Reduction in energy consumption will not only reduce greenhouse gas emissions but also reduce the plant operating costs.



The main contribution of this paper is to present an analytical overview of the end-use energy data in U.S. healthcare systems and hospitals. This research was motivated by a gap that currently exists in reporting the energy consumption analysis based on the end-use data from the U.S. healthcare sectors. This work is the first study to consolidate and characterize energy consumption data in healthcare systems in the United States from different perspectives. This study can serve as a benchmark to assess energy-related performance in the U.S. and highlight the necessity of implementing energy-efficient approaches in these healthcare facilities. It is worth mentioning that the current study addresses neither the energy-aware optimum design nor energy-saving or forecasting approaches.



The rest of this paper is summarized as follows. Section 2 presents a brief literature review of studies on the analysis of end-use energy data in healthcare systems. Section 3 provides an analytical overview of energy consumption in U.S. healthcare facilities. Section 4 discusses case studies on energy consumption in hospitals in the United States and compares the consumption data with other countries, and Section 5 analyzes the process and the non-process energy data in the U.S. health care facilities. Concluding remarks are presented in Section 6.




2. Literature Review


Numerous studies in the literature analyze energy data in healthcare. Because hospitals form the largest ratio of the area in the healthcare sector, the majority of these studies evaluate end-use energy consumption and energy-saving approaches at hospitals in different regions. In general, lack of reference values makes the evaluation of energy data in this sector a challenging task [5]. The energy audit of a Malaysian hospital showed that lighting and biomedical equipment consumed the largest amount of energy (36% and 34%, respectively), and energy intensity was reported to be 234 kWh/m2 [6]. A study in Thailand determined the energy intensity of 148.8 kWh/m2, with air conditioning units accounting for 57% of the total amount of energy consumption [7]. In another study of 210 hospitals in Thailand, electricity and thermal energy accounted for 31.61% and 36.81% of total energy requirements, respectively [8]. They also proposed a regression model to estimate energy consumption as a function of six predictors. Analyzing energy consumption data from two hospitals in Korea resulted in an electricity intensity of 0.46 GJ/m2 (128 kWh/m2) and a heat density of 1.63 GJ/m2 (452 kWh/m2) per year [9]. Hospitals in Spain were responsible for 7% of total energy consumption in the tertiary sector, and quantitative analysis of energy consumption in 20 hospitals concluded the energy intensity of 270 kWh/m2 [10]. They also evaluated the impact of the area, the number of workers, the number of beds, the type of management, the geographical location, the gross domestic product (GDP), the heating and cooling degree days, and the range of years (study span) on energy consumption. Quantification of energy data in German hospitals was investigated in [2]. They declared that 2100 hospitals in Germany consumed around 6000 kWh of electricity and 29,000 kWh of heat per bed per year. Energy-saving approaches in a 110-bed hospital in Grevena, Greece concluded the average energy intensity of its facility was 104.46 kWh/m2 [11].



In Germany, 20,000 h of data were collected for operating theaters, intensive care units, examination rooms, and large-scale medical equipment. The daily energy intensity ranged from 1.2 kWh/m2 for the operating rooms to 150 kWh/m2 for medical equipment [5]. In the UK, the study of a 48-bed hospital determined total annual energy demand of 289 kWh/m2 and identified overheating in some areas during summertime [12]. They also investigated temperature and ventilation performances of the hospital. While some studies analyze energy performance at a specific facility, Morgenstern et al. (2016) studied electricity consumption data in 28 departments across eight medium-to-large general acute hospitals in England and confirmed that different departments have considerably nonhomogeneous electricity consumption characteristics [13]. Studies in [14,15,16,17] provided an estimation of the energy requirements in healthcare facilities by considering basic services such as lighting and heating, ventilation, and air conditioning (HVAC) equipment, and medical and laboratory equipment in non-critical, non-secured, and secured categories. They also reviewed different energy-production and energy-storage technologies for healthcare systems. Assessing 55 healthcare facilities in Spain sized from 500 to 3500 m2 area concluded an average annual energy consumption of 86 kWh/m2 and determined energy-saving options through simulation [18]. With this background, Section 3 summarizes some of the current energy facts in the U.S. healthcare systems.




3. Energy Consumption in U.S. Healthcare Facilities


The Commercial Buildings Energy Consumption Survey (CBECS) provides energy consumption data in commercial buildings in the United States. In the latest report of the Energy Information Administration (EIA) published in 2012 [1], 10,000 inpatient and 147,000 outpatient facilities were studied in the country. The total area of these facilities was 386 million m2, including 220.55 million m2 of inpatient and 165.46 million m2 of outpatient centers, with an average floor space of 2462 m2 per facility.



Healthcare facilities accounted for 4.8% of the total area in commercial buildings and consumed 210.42 billion kWh of energy (which represents 10.3% of total energy consumption in the commercial sector). This yields the average energy intensity of 544.8 kWh/m2 (or 1.34 million kWh for a building with the average amount of floor space). This number is significantly higher than the average energy intensity of commercial buildings [1], which is 329.34 kWh/m2. Figure 1 presents an overview of energy consumption by energy type, including electricity, natural gas, and fuel oil, in the U.S. healthcare sector.



Analysis of energy data shows that space heating, ventilation, water heating, and cooling are major energy consumers in healthcare systems, accounting for 29%, 12%, 11%, and 11% of the total amount of energy, respectively (63% of total energy). Strict air quality requirements for hospitals to maintain safety and comfort contribute to the large energy consumption of heating and cooling activities. Table 1 and Figure 2 provide a breakdown of energy consumption by major fuel and usage type. As shown in Table 1, ventilation, cooling, and lighting are the most electricity-intensive activities, whereas the main usage of natural gas is space heating. Inpatient centers, which form 57% of the total area of healthcare systems, utilize 76.5% of total energy in this sector.



Similar findings are concluded in the literature studies. Teke and Timur (2014) also determined that HVAC systems are the major consumers of electrical energy consumption in hospitals [19]. Similarly, [4] showed that space heating and cooling are major consumers of energy in hospitals. Air and space heating in UK hospitals consumed 44% of total energy [12]. In India, HVAC systems are also major consumers of electricity, followed by lighting and water pumps (their electricity consumption accounts for 30–65%, 30–40%, and 10–12%, respectively) [14]. In Thailand, HVAC was responsible for 51.36% of total energy consumption in 210 understudy hospitals [8]. The energy consumption by end-use type in billion kWh is shown in Table 1. The major fuel consumption breakdown by end-use is depicted in Figure 2.



To bring the consumption data in scale, Table 2 elaborates the energy intensity per usage and fuel type, worker, and building in kWh/m2. As expected, total energy intensity in inpatient systems is significantly higher (2.4 times more) than that of outpatient systems. In outpatient facilities, space and water heating as well as cooling have the highest intensity per square foot. On the other hand, space heating and ventilation form the maximum intensities in outpatient centers. Energy consumption intensity is shown in Table 2.



Energy consumption charges constitute a significant portion of operating expenditures in healthcare facilities. Total energy expenditures and their intensity are provided in Table 3. Electricity accounts for 69% and 85% of total energy expenditures in inpatient and outpatient facilities, respectively. The energy cost density values conclude inpatient facilities are approximately 86% more expensive than outpatient centers per square foot. The energy cost intensity is presented in Table 3.



The analysis of the latest data reveals that, from 2003 to 2012, the number of buildings and the total area in healthcare increased by 22% and 31%, respectively. This growth resulted in a 21% increase in total energy usage and a 76% surge in energy expenditures. This growth rate necessitates analyzing energy-based data in the healthcare sector.



Energy Data in Hospitals


Large hospitals, constituting 47% of the total area in healthcare facilities, are responsible for 64% of total energy consumption in this sector. Hospitals, due to the nature of their work and running on a 24 h basis, have higher energy intensity per square foot than any other building in the commercial sector [1]. In the latest report of EIA, large hospitals had a total area of 1958 million square meters throughout 3040 buildings (2.2% of total commercial buildings area) and used 134.2 billion kWh of energy (6.6% of major fuel consumption in commercial buildings). This is equivalent to 16.29 million dollars of expenses.



Natural gas (63 billion kWh) and electricity (57 billion kWh) are the major types of energy consumed in hospitals. Natural gas is used mainly for space and water heating and cooking. Electricity is mostly used for cooling purposes (92% of buildings). A hospital’s average annual energy intensity is 738.5 kWh/m2 or 44.2 million kWh/building. A typical office building, by comparison, has an annual energy intensity of 246 kWh/m2 [20]. Around 61% to 79% of a hospital’s energy consumption is due to lighting, heating, cooling, and hot water production [21]. Figure 3 provides a breakdown of energy consumption by fuel and usage type in an energy evaluation study for a medical center in the U.S. [22]. It was shown that, the reheat system was the largest source of energy draw whereas the HVAC units were consuming 10.60% of the total energy for that facility. Hospital design requirements and the current practice of relying on relatively old standards in this sector contribute to large energy requirements by HVAC systems in U.S. hospitals. As a result of this, hospitals over-ventilate most of their spaces [23].



The annual energy consumption of hospitals for five U.S. climate zones with different cooling degree days (CDD) and heating degrees days (HDD) is shown in Figure 4. Zone 1 represents the very cold states, and Zone 5 represents the very hot states in the country. Zone 2 and Zone 4 represent 53% of the total number of hospitals and 54% of the total hospital area in the country. Zones 1, 3, and 5 accommodate 17%, 16%, and 13% of the total number of hospital buildings and 17%, 13%, and 18% of the total hospital area, respectively. Table 4 presents a detailed overview of the operational details of hospitals, and it includes data on the total area, the number of workers, and the number of beds in each zone.



Geographic location has a significant impact on heating energy, as shown in Figure 4. In Zone 1 climates, it makes up 42% of energy usage compared to Zone 5 climates where it only makes up 16% of total energy usage. Alternatively, there is not a significant dependence on climate zone for the energy usage used for ventilation, lighting, and cooling energy consumption. Table 5 shows the energy consumption intensities by energy source and climate zone.



As shown in Table 5, the largest energy consumption occurs in Zones 2 and 4. A significant part of the reason for this is that these zones also include the most hospitals and areas of hospitals. This table also shows that the highest intensity of natural gas consumption occurs in colder states. This makes sense, considering natural gas is mainly used for heating purposes. Electricity is used for all other activities (including cooling and equipment operations), and it is difficult to make any conclusions based on the variance of its intensity over the variety of climate zones. The following figure (Figure 4) shows the hospitals’ annual energy consumption breakdown for the five climate zones [1].





4. Case Studies


This section provides a summary of two published case studies in the U.S. and compares it with European and Canadian hospitals. There is a significant variation in energy consumption at hospitals in different locations. For example, according to the Center of Analysis and Dissemination of Demonstrated Energy Technology (CADDET) report in 1997, Australian hospitals consumed almost six times more electricity than those of Italy [24]. As another example, international hospitals, on average, use 50% less energy than a typical hospital in the United States. Climatic differences, energy unit price, age, and sophistication level of the systems can contribute to these differences [24].



4.1. Texas Hospitals Case Study


Energy data of 35 hospitals in the state of Texas were analyzed in a study published in 1998 [25]. Table 6 presents a summary of this analysis. Hospitals were spread out over the state with an average size of 13,313 m2. The collected data included monthly electrical energy and natural gas consumption and cost and total energy costs. As shown in Table 6, the annual electricity usage intensity ranged from 126 kWh/m2 to 666.3 kWh/m2, whereas the intensity of natural gas consumption was from 82.6 kWh/m2 to 1319.5 kWh/m2. Total annual energy cost ranged from $8.8/m2 to $42/m2, and the annual energy intensity varied from 316 kWh/m2 to 1593 kWh/m2, averaging 764 kWh/m2. The average energy intensity in these hospitals is comparable to the average intensity of 738.5 kWh/m2 at the national level. The detailed information on the energy intensity of each of these hospitals is given in Table A1 in the Appendix A. The vast majority of the state of Texas is located in Zone 5 according to Figure 4, and the reported major fuel intensity in this zone is 640.7 kWh/m2. This shows the energy intensity in this state is higher than the average intensity of its zone. The following Table 6 shows the annual energy data for Texas hospitals.




4.2. California Hospitals Case Study


The Lawrence Berkeley Laboratory studied end-use load shapes and energy-use intensities of four types of commercial sector buildings: schools, colleges, healthcare systems, and lodging [26]. The end uses included cooling, ventilation, lighting (indoor and outdoor), cooking, refrigeration, and equipment. Their methodology was to reconcile the initial end-use load shape estimations with measured load data. The hospitals in their study accounted for 34% of healthcare buildings and formed 83% of floor area and a greater fraction of energy use. Table 7 summarizes the annual energy intensities of these four types of buildings. As shown in Table 7, the energy consumption intensity of healthcare facilities is significantly higher than the other types of buildings. The average total annual energy consumption intensity of the reported facilities was equal to 258.3 kWh/m2. According to Figure 4, the State of California consists of different climate zones, where Zones 4 and 5 form the majority of the state. The reported hospitals have significantly lower energy consumption intensity values compared to other facilities in these zones.




4.3. Healthcare Energy Data in Different Countries


This section provides examples of energy intensity values in healthcare facilities in European countries and can be used as a basis to evaluate the energy consumption of similar facilities in the United States. As explained before, various factors, including geographical situation, facility size, and operating conditions, influence the energy consumption of healthcare facilities. However, no single metric can address all these parameters. Therefore, as suggested in most of the studies, energy intensity per unit of area is used as a key metric to demonstrate energy performance as a function of facility size.



In Europe, healthcare facilities with a total area of 453.2 million m2 account for 6.5% of total non-residential (NR) areas according to the latest data available from the European Commission [27]. Total energy consumption in the NR sector is 141.22 million tons of oil equivalent (Mtoe), which reflects a 28.5% increase in comparison to 1995. Hospitals constitute 10% of total energy usage in the NR sector with an annual energy intensity of 252–434 kWh/m2, which is significantly higher than the overall energy intensity in the NR sector (280 kWh/m2) [28]. A comparison of energy intensity of hospitals and other health facilities in Greece, Scotland, Poland, Malaysia, Spain, and Thailand was presented in [29].



In an older study by the CADDET in 1997, healthcare facilities’ annual energy intensity was analyzed in the U.S., Canada, and European countries such as the UK, Sweden, Switzerland, Australia, Greece, the Netherlands, and Germany [24]. The analysis concluded a broad variation in electrical energy consumption ranging from 60.88 kWh/m2 for Switzerland’s hospitals to 339 kWh/m2 in Canadian hospitals, with a total average of 145 kWh/m2. Thermal energy consumption ranged from 168 kWh/m2 in Sweden to 690 kWh/m2 in the United States. In another study in Canada, the median site energy consumption intensity of hospitals was reported to be 741.7 kWh/m2 [30]. In [24], the authors discussed that there might be no clear justification for varying levels of energy consumption in different countries. The U.S. hospitals’ average annual energy intensity is 738.5 kWh/m2, which is higher than similar reported numbers in the European countries. Infrastructure, design standards, consumption culture, sophistication level of the equipment, and geographical conditions can all contribute to this difference. Table 8 summarizes the energy consumption intensity of healthcare facilities in various countries.





5. Non-Process and Process Energy Analysis in the United States Healthcare Facilities


5.1. Non-Process Energy Analysis


Non-process energy, which includes heating, cooling, lighting, and ventilation [31], has been collected and analyzed in 71 healthcare facilities in the United States. Table A2 in the Appendix A provides a detailed overview of the collection process and non-process energy data in different healthcare facilities. Figure 5 illustrates the annual non-process energy intensity in these facilities, ranging from 6 kWh/m2 for ventilation to 315 kWh/m2 for heating. Figure 5 shows the healthcare facility’s annual non-process energy intensity.



To further analyze the distribution of annual non-process energy intensity, a boxplot was constructed for each category of non-process operations in 71 facilities and is presented in Figure 6. According to Figure 6, lighting and heating intensities have larger variations compared to the other categories. The annual energy intensity of lighting ranges from 41 kWh/m2 in dentist offices to 299 kWh/m2 in inpatient hospitals. Alternatively, the heating energy intensity ranges from 47 kWh/m2 to 339 kWh/m2 in inpatient hospitals. A similar analysis of other categories yields annual energy intensity ranges from 9.9 kWh/m2 to 670 kWh/m2 for cooling and from 7 kWh/m2 to 55 kWh/m2 for ventilation. The included table in Figure 6 presents a summary of the statistics for non-process energies.




5.2. Process Energy Analysis


The annual process energy intensity data for the discussed 71 healthcare facilities are shown in Figure 7. Process energy includes the energy required for cooking, refrigeration, water heating, and running a variety of types of equipment. The boxplot in Figure 8 shows that water heating energy intensity has the largest variability with a range from 43 to 307 kWh/m2. The minimum variation is recorded for refrigeration, which ranges from 4.3 to 47 kWh/m2. A detailed descriptive statistical analysis is provided in the attached table under Figure 8. The overall annual process energy intensity ranges from 1.1 kWh/m2 for cooking to 331 kWh/m2 for water heating in an inpatient hospital. Figure 8 shows the boxplot of annual process energy intensity (kWh/fm2) in healthcare facilities.




5.3. Annual Process and Non-Process Energy Intensity Comparison


To compare process and non-process energy in healthcare, a boxplot with a detailed descriptive statistical data analysis was constructed and is presented in Figure 9. The annual process energy intensity ranges from 114kWh/m2 in dentist offices to 819 kWh/m2 in inpatient hospitals, while the non-process energy ranges from 105.9 kWh/m2 to 756 kWh/m2 in inpatient hospitals. Figure 9 presents a comparison of the process and the non-process annual energy intensity in kWh/m2.





6. Discussion and Conclusions


This paper is the first study to compile and analyze energy data in healthcare facilities in the United States. In general, the energy analysis in this research includes fuel type, end-use, cost, and intensity data in healthcare systems and hospitals in the country. Energy consumption in the U.S. healthcare sector, and particularly in hospitals, is very high in comparison to other commercial sectors in the country or similar healthcare facilities in other countries. The number of healthcare buildings increased by 22% in 10 years since 2003, and this led to a 21% rise in energy consumption. During the same period, the number of inpatient facilities increased to 10,000 units (a 25% growth in number and area), which resulted in a 16% increase in overall major fuel consumption. Because facility size has such a large impact on energy consumption, energy intensities are calculated and used for comparisons. Energy intensity per unit of area in healthcare and inpatient facilities decreased by 8% and 7%, respectively. The reduction in energy requirement per unit of area is interesting. This might be due to the adoption of more energy-efficient approaches in healthcare facilities. Another interesting fact is that Zone 2, which accommodates a larger number of hospitals and total floor space in healthcare in the U.S., has the second-lowest energy intensity in comparison to the other zones. This affirms that a larger area or number of facilities alone does not necessarily result in increased energy consumption intensity.



The average energy intensity of U.S. hospitals is 738.5 kWh/m2, which is approximately 2.6 times higher than that of other commercial buildings. This number is significantly higher than the European hospitals that have an approximate average intensity of 333.4 kWh/m2. This difference, as discussed previously, might be due to cultural differences in design and consumption or to the level of sophistication in terms of the amount of equipment per facility. The energy intensity of hospitals ranges from 640.7 kWh/m2 in Zone 5 (very hot) to 781.1 kWh/m2 in Zone 1 (very cold). This variability is because of temperature differences in geographical zones and heating/cooling requirements. On average, 91% of healthcare facilities use natural gas, which is mainly consumed for space heating purposes. This reliance on natural gas highlights the need for updating the infrastructure of healthcare facilities and replacing it with renewable energy resources. Around 61% of a typical hospital’s energy consumption in the U.S. is due to heating, cooling, ventilation, and lighting (non-process energy), which confirms the need for technological developments and design updates, especially for HVAC systems. In general, non-process energy is being consumed regardless of the workload in hospitals, and this makes non-process energy savings very crucial in hospitals. Analysis of U.S. commercial energy data from 1972–2002 showed that significant energy reduction was observed in offices, but this reduction was not noticeable in hospitals [23].



This work sought to narrow the gap that exists in analyzing the end-use energy data in the U.S. healthcare system. The proposed analyses do not focus on either energy-saving or energy forecasting approaches in the U.S. healthcare sector. This work facilitates further analysis of US healthcare energy data similar to the one presented in [32], which investigates the impact of different factors on energy savings in healthcare in Spain.
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Table A1. Annual energy consumption for the 35 healthcare facilities in Texas.






Table A1. Annual energy consumption for the 35 healthcare facilities in Texas.











	Facility #
	Annual Energy Intensity (kWh/m2)
	Facility #
	Annual Energy Intensity (kWh/m2)





	1
	946.36
	26
	567.80



	2
	788.67
	27
	220.77



	3
	567.80
	28
	1261.85



	4
	315.49
	29
	946.36



	5
	1261.85
	30
	350.15



	6
	441.64
	31
	757.13



	7
	567.80
	32
	709.77



	8
	788.67
	33
	283.95



	9
	630.87
	34
	662.41



	10
	977.90
	35
	883.29



	11
	662.41
	
	



	12
	1261.85
	
	



	13
	630.87
	
	



	14
	473.18
	
	



	15
	1009.44
	
	



	16
	630.87
	
	



	17
	567.80
	
	



	18
	757.13
	
	



	19
	1577.34
	
	



	20
	946.36
	
	



	21
	757.13
	
	



	22
	725.60
	
	



	23
	567.80
	
	



	24
	567.80
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Table A2. Annual energy intensity for healthcare facilities.
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	Space type
	Author
	Area thousand-m2
	Cooling energy intensity m2
	Lighting energy use (kWh/m2)
	Heating energy use (kWh/m2)
	Ventilation (kwh/m2)
	Water Heating (kwh/m2)
	Cooking (kwh/m2)
	Refrigeration (kwh/m2)
	Office equipment (kwh/m2)
	Other equip (kwh/m2)
	Total non-process (kwh/m2)
	Process energy (kwh/m2)
	Annual energy intensity (kwh/m2)





	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	37.85
	189.23
	189.23
	37.85
	198.69
	56.77
	28.38
	75.69
	132.46
	454.15
	492.00
	946.15



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	31.54
	157.69
	157.69
	31.54
	165.58
	47.31
	23.65
	63.08
	110.38
	378.46
	410.00
	788.46



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	12.62
	63.08
	63.08
	12.62
	66.23
	18.92
	9.46
	25.23
	44.15
	151.38
	164.00
	315.38



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	50.46
	252.31
	252.31
	50.46
	264.92
	75.69
	37.85
	100.92
	176.61
	605.53
	656.00
	1261.53



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	17.66
	88.31
	88.31
	17.66
	92.72
	26.49
	13.25
	35.32
	61.82
	211.94
	229.60
	441.54



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	31.54
	157.69
	157.69
	31.54
	165.58
	47.31
	23.65
	63.08
	110.38
	378.46
	410.00
	788.46



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	25.23
	126.15
	126.15
	25.23
	132.46
	37.85
	18.92
	50.46
	88.31
	302.77
	328.00
	630.77



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	39.11
	195.54
	195.54
	39.11
	205.31
	58.66
	29.33
	78.21
	136.88
	469.29
	508.40
	977.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	26.49
	132.46
	132.46
	26.49
	139.08
	39.74
	19.87
	52.98
	92.72
	317.91
	344.40
	662.30



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	50.46
	252.31
	252.31
	50.46
	264.92
	75.69
	37.85
	100.92
	176.61
	605.53
	656.00
	1261.53



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	25.23
	126.15
	126.15
	25.23
	132.46
	37.85
	18.92
	50.46
	88.31
	302.77
	328.00
	630.77



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	18.92
	94.61
	94.61
	18.92
	99.35
	28.38
	14.19
	37.85
	66.23
	227.08
	246.00
	473.07



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	40.37
	201.84
	201.84
	40.37
	211.94
	60.55
	30.28
	80.74
	141.29
	484.43
	524.80
	1009.22



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	25.23
	126.15
	126.15
	25.23
	132.46
	37.85
	18.92
	50.46
	88.31
	302.77
	328.00
	630.77



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	30.28
	151.38
	151.38
	30.28
	158.95
	45.42
	22.71
	60.55
	105.97
	363.32
	393.60
	756.92



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	63.08
	315.38
	315.38
	63.08
	331.15
	94.61
	47.31
	126.15
	220.77
	756.92
	820.00
	1576.91



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	37.85
	189.23
	189.23
	37.85
	198.69
	56.77
	28.38
	75.69
	132.46
	454.15
	492.00
	946.15



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	30.28
	151.38
	151.38
	30.28
	158.95
	45.42
	22.71
	60.55
	105.97
	363.32
	393.60
	756.92



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	29.02
	145.08
	145.08
	29.02
	152.33
	43.52
	21.76
	58.03
	101.55
	348.18
	377.20
	725.38



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	31.54
	157.69
	157.69
	31.54
	165.58
	47.31
	23.65
	63.08
	110.38
	378.46
	410.00
	788.46



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	22.71
	113.54
	113.54
	22.71
	119.21
	34.06
	17.03
	45.42
	79.48
	272.49
	295.20
	567.69



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	8.83
	44.15
	44.15
	8.83
	46.36
	13.25
	6.62
	17.66
	30.91
	105.97
	114.80
	220.77



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	50.46
	252.31
	252.31
	50.46
	264.92
	75.69
	37.85
	100.92
	176.61
	605.53
	656.00
	1261.53



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	37.85
	189.23
	189.23
	37.85
	198.69
	56.77
	28.38
	75.69
	132.46
	454.15
	492.00
	946.15



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	14.00
	70.01
	70.01
	14.00
	73.52
	21.00
	10.50
	28.01
	49.01
	168.04
	182.04
	350.07



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	30.28
	151.38
	151.38
	30.28
	158.95
	45.42
	22.71
	60.55
	105.97
	363.32
	393.60
	756.92



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	28.38
	141.92
	141.92
	28.38
	149.02
	42.58
	21.29
	56.77
	99.35
	340.61
	369.00
	709.61



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	11.35
	56.77
	56.77
	11.35
	59.61
	17.03
	8.52
	22.71
	39.74
	136.25
	147.60
	283.84



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	26.49
	132.46
	132.46
	26.49
	139.08
	39.74
	19.87
	52.98
	92.72
	317.91
	344.40
	662.30



	Inpatient Hospital (TX)
	(Dunn, 1998)
	(1.4-59)
	35.32
	176.61
	176.61
	35.32
	185.45
	52.98
	26.49
	70.65
	123.63
	423.87
	459.20
	883.07



	Medium
	EIA
	< 4.65
	11.97
	54.70
	78.63
	8.55
	95.72
	17.09
	6.84
	20.51
	47.86
	153.84
	188.02
	341.86



	Large
	EIA
	> 4.65
	22.87
	104.56
	150.30
	16.34
	182.97
	32.67
	13.07
	39.21
	91.49
	294.06
	359.41
	653.48



	Dentist Office
	EIA
	
	8.50
	38.86
	55.85
	6.07
	68.00
	12.14
	4.86
	14.57
	34.00
	109.28
	133.56
	242.84



	Inpatient Health
	EIA
	
	26.10
	119.33
	171.54
	18.65
	208.83
	37.29
	14.92
	44.75
	104.42
	335.62
	410.21
	745.83



	Inpatient Health
	Energy sys Ass
	2.76923
	24.68
	123.40
	123.40
	24.68
	129.57
	37.02
	18.51
	49.36
	86.38
	296.17
	320.85
	617.01



	Inpatient Health
	Energy sys Ass
	4.45202
	39.68
	198.39
	198.39
	39.68
	208.31
	59.52
	29.76
	79.36
	138.87
	476.14
	515.82
	991.96



	Inpatient Health
	Energy sys Ass
	1.47976
	13.19
	65.94
	65.94
	13.19
	69.24
	19.78
	9.89
	26.38
	46.16
	158.26
	171.45
	329.71



	Inpatient Health
	Energy sys Ass
	1.96704
	17.53
	87.66
	87.66
	17.53
	92.04
	26.30
	13.15
	35.06
	61.36
	210.37
	227.90
	438.28



	Inpatient Health
	Energy sys Ass
	3.41675
	30.45
	152.26
	152.26
	30.45
	159.87
	45.68
	22.84
	60.90
	106.58
	365.42
	395.87
	761.29



	Inpatient Health
	Energy sys Ass
	1.70336
	15.18
	75.91
	75.91
	15.18
	79.70
	22.77
	11.39
	30.36
	53.13
	182.17
	197.35
	379.53



	Inpatient Health
	Energy sys Ass
	3.52235
	31.39
	156.96
	156.96
	31.39
	164.81
	47.09
	23.54
	62.79
	109.87
	376.71
	408.11
	784.82



	Inpatient Health
	Energy sys Ass
	1.3355
	11.90
	59.51
	59.51
	11.90
	62.49
	17.85
	8.93
	23.81
	41.66
	142.83
	154.73
	297.56



	Inpatient Health
	Energy sys Ass
	2.49073
	22.20
	110.99
	110.99
	22.20
	116.54
	33.30
	16.65
	44.40
	77.69
	266.38
	288.58
	554.96



	Inpatient Health
	Energy sys Ass
	4.27924
	38.14
	190.69
	190.69
	38.14
	200.23
	57.21
	28.60
	76.28
	133.48
	457.66
	495.80
	953.46



	Inpatient Health
	Energy sys Ass
	3.60331
	32.11
	160.57
	160.57
	32.11
	168.60
	48.17
	24.09
	64.23
	112.40
	385.37
	417.49
	802.86



	Inpatient Health
	Energy sys Ass
	4.06364
	36.22
	181.09
	181.09
	36.22
	190.14
	54.33
	27.16
	72.43
	126.76
	434.60
	470.82
	905.43



	Inpatient Health
	Energy sys Ass
	2.21058
	19.70
	98.51
	98.51
	19.70
	103.43
	29.55
	14.78
	39.40
	68.96
	236.42
	256.12
	492.54



	Inpatient Health
	Energy sys Ass
	1.59032
	14.17
	70.87
	70.87
	14.17
	74.41
	21.26
	10.63
	28.35
	49.61
	170.08
	184.26
	354.34



	Inpatient Health
	Energy sys Ass
	4.94022
	44.03
	220.15
	220.15
	44.03
	231.15
	66.04
	33.02
	88.06
	154.10
	528.35
	572.38
	1100.74



	Inpatient Health
	Energy sys Ass
	3.10585
	27.68
	138.40
	138.40
	27.68
	145.32
	41.52
	20.76
	55.36
	96.88
	332.17
	359.85
	692.02



	Inpatient Health
	Energy sys Ass
	3.28426
	29.27
	146.35
	146.35
	29.27
	153.67
	43.91
	21.95
	58.54
	102.45
	351.25
	380.52
	731.77



	Inpatient Health
	Energy sys Ass
	4.30988
	38.41
	192.06
	192.06
	38.41
	201.66
	57.62
	28.81
	76.82
	134.44
	460.94
	499.35
	960.29



	Inpatient Health
	Energy sys Ass
	2.03005
	18.09
	90.46
	90.46
	18.09
	94.99
	27.14
	13.57
	36.19
	63.32
	217.11
	235.21
	452.32



	Inpatient Health
	Energy sys Ass
	1.73937
	15.50
	77.51
	77.51
	15.50
	81.39
	23.25
	11.63
	31.00
	54.26
	186.02
	201.53
	387.55



	Inpatient Health
	Energy sys Ass
	2.63985
	23.53
	117.64
	117.64
	23.53
	123.52
	35.29
	17.65
	47.06
	82.35
	282.33
	305.86
	588.19



	Inpatient Health
	Energy sys Ass
	1.98589
	17.70
	88.50
	88.50
	17.70
	92.92
	26.55
	13.27
	35.40
	61.95
	212.39
	230.09
	442.48



	Inpatient Health
	Energy sys Ass
	3.17198
	28.27
	141.35
	141.35
	28.27
	148.42
	42.41
	21.20
	56.54
	98.95
	339.24
	367.51
	706.75



	Inpatient Health
	Energy sys Ass
	1.74372
	15.54
	77.70
	77.70
	15.54
	81.59
	23.31
	11.66
	31.08
	54.39
	186.49
	202.03
	388.52



	Inpatient Health
	Energy sys Ass
	2.87166
	25.59
	127.97
	127.97
	25.59
	134.37
	38.39
	19.20
	51.19
	89.58
	307.12
	332.72
	639.84



	Inpatient Health
	Energy sys Ass
	4.46612
	39.80
	199.02
	199.02
	39.80
	208.97
	59.71
	29.85
	79.61
	139.31
	477.65
	517.45
	995.10



	Inpatient Health
	Energy sys Ass
	3.68488
	32.84
	164.21
	164.21
	32.84
	172.42
	49.26
	24.63
	65.68
	114.94
	394.10
	426.94
	821.03



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	
	
	
	
	
	
	
	
	
	
	
	663.38



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	
	
	
	
	
	
	
	
	
	
	
	586.20



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	
	
	
	
	
	
	
	
	
	
	
	707.62



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	
	
	
	
	
	
	
	
	
	
	
	774.89



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	
	
	
	
	
	
	
	
	
	
	
	720.32



	Inpatient Hospital (TX)
	(Dunn, 1998)
	
	25.28
	115.56
	166.12
	18.06
	202.23
	36.11
	14.45
	43.34
	101.12
	325.02
	397.24
	722.26



	Inpatient Health
	EIA
	
	27.54
	125.89
	180.97
	19.67
	220.32
	39.34
	15.74
	47.21
	110.16
	354.08
	432.76
	786.84



	Inpatient Health
	EIA
	
	22.64
	103.51
	148.79
	16.17
	181.14
	32.35
	12.94
	38.81
	90.57
	291.11
	355.80
	646.91



	Inpatient Health
	EIA
	
	22.75
	104.02
	149.53
	16.25
	182.04
	32.51
	13.00
	39.01
	91.02
	292.56
	357.58
	650.14



	Inpatient Health
	LBL
	
	59.20
	104.41
	107.64
	31.22
	161.46
	1.08
	6.46
	21.53
	64.58
	302.47
	255.10
	557.57



	Acute Care/Children
	Energy star
	27870.9
	
	
	
	
	
	
	
	
	
	
	
	489.10
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Figure 1. U.S. 2012 energy consumption in the percentage of the total energy consumed in healthcare buildings by energy source. 
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Figure 2. Major fuel consumption breakdown by end-use. 
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Figure 3. Breakdown of energy consumption in a U.S. hospital. Note: Reproduced with permission from [22]. 
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Figure 4. Hospitals’ annual energy consumption for the five climate zones in the U.S. (a) Climate Zone 1; (b) climate Zone 2; (c) climate Zone 3; (d) climate Zone 4; (e) climate Zone 5; (f) climate zones marked on the U.S. map. 
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Figure 5. Healthcare facilities annual non-process energy intensity. 
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Figure 6. Boxplot and statistical summary of annual non-process energy intensity (kWh/m2) in healthcare facilities (* outlier). 
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Figure 7. Healthcare facilities’ annual process energy intensity. 
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Figure 8. Boxplot of annual process energy intensity (kWh/m2) in healthcare facilities (* outlier). 
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Figure 9. Process and non-process annual energy intensity (kWh/m2) comparison. Notes: * represents the outliers. 
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Table 1. Energy consumption by end-use type in billion (109) kWh.
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	Total
	Space Heating
	Cooling
	Ventilation
	Water Heating
	Lighting
	Cooking
	Refrigeration
	Office Equipment
	Computers
	Other





	Electricity
	107
	1.17
	20.22
	24.03
	293
	17.88
	2.35
	5.57
	4.98
	9.96
	20.52



	Natural gas
	77.6
	46.6
	-
	-
	17.88
	-
	9.38
	-
	-
	-
	3.52



	Total major fuel
	210.4
	61.5
	23.15
	24.32
	24.03
	17.88
	15.24
	5.57
	4.98
	9.96
	24.03



	Inpatient
	160.9
	48.06
	19.64
	13.48
	22.86
	11.72
	13.77
	4.10
	3.52
	6.15
	17.30



	Outpatient
	49.52
	13.48
	3.51
	10.84
	1.17
	6.15
	1.17
	1.17
	1.47
	3.81
	6.74
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Table 2. Energy consumption intensity.
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Major Fuel Consumption Intensity by Usage Type (kWh/m2)

	
Electricity (kWh/m2)

	
Natural gas (kWh/m2)

	
Total Energy (kWh/m2)

	
Consumption Per Building (million (106) kWh)

	
Consumption per worker (kWh)




	

	
Space heating

	
Cooling

	
Ventilation

	
Water heating

	
Lighting

	
Cooking

	
Refrigeration

	
Office equipment

	
Computers

	
Other






	
Healthcare Overall

	
163

	
62

	
62

	
62

	
46

	
64

	
14

	
13

	
26

	
64

	
278

	
254

	
545

	
1.34

	
27.6

	




	
Inpatient

	
222

	
95

	
61

	
104

	
53

	
69

	
19

	
16

	
28

	
79

	
334

	
327

	
729

	
16.8

	
37.6




	
Outpatient

	
83

	
22

	
66

	
8

	
38

	
33

	
9

	
8

	
23

	
41

	
202

	
124

	
299

	
0.34

	
14.9
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Table 3. Energy cost intensity.






Table 3. Energy cost intensity.





	

	
Total Energy Expenditures (million $)

	
Expenditure Intensity ($)




	

	
Sum of Major Fuels

	
Electricity

	
Natural gas

	
Fuel oil

	
District Heat

	
Per sq. Meter

	
Per Building

	
Per Thousand kWh






	
Healthcare Overall

	
13.072

	
9.585

	
1.818

	
444

	
1.225

	
33.36

	
83.261

	
62.10




	
Inpatient

	
9.373

	
6.435

	
1.441

	
362

	
1.136

	
42

	
937.300

	
58.34




	
Outpatient

	
3.699

	
3.150

	
377

	
-

	
-

	
22.6

	
25.163

	
74.75
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Table 4. Hospitals operational details per climate zone.






Table 4. Hospitals operational details per climate zone.












	
	Number of Buildings
	Total Floorspace (Million m2)
	Total Workers (Thousand)
	Total Patient Beds (Thousand)





	Total
	3040
	181.9
	3340
	915



	Zone 1
	517
	30.9
	628
	165



	Zone 2
	818
	47.3
	803
	241



	Zone 3
	501
	23
	529
	132



	Zone 4
	794
	47.1
	875
	251



	Zone 5
	410
	33.6
	505
	127
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Table 5. Energy consumption and intensity by a source per climate zone.






Table 5. Energy consumption and intensity by a source per climate zone.





	

	
Sum of Major Energy Sources

	
Individual Major Energy Sources




	
Consumption (Billion kWh)

	
Intensity (kWh/m2)

	
Expenditures (Million $)

	
Electricity (Billion kWh)

	
Electricity Intensity (kWh/m2)

	
Natural Gas (Billion kWh)

	
Natural Gas Intensity (kWh/m2)






	
Total

	
134.2

	
738.5

	
16.29

	
57

	
313.2

	
61.0

	
353.6




	
Zone 1

	
24.0

	
781.1

	
14.15

	
9

	
300.3

	
12.0

	
399.7




	
Zone 2

	
34.6

	
733.4

	
18.41

	
13

	
279.9

	
15.8

	
359.0




	
Zone 3

	
17.9

	
777.6

	
16.56

	
8

	
354.1

	
8.2

	
405.7




	
Zone 4

	
36.0

	
765.9

	
14.16

	
16

	
339.1

	
17.0

	
355.2




	
Zone 5

	
21.7

	
640.7

	
18.6

	
10

	
305.7

	
7.9

	
261.5
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Table 6. Annual energy data for Texas hospitals.






Table 6. Annual energy data for Texas hospitals.











	
	Low
	Average
	High





	Area (m2)
	1393
	13,313
	58,909



	Age (year)
	1
	21
	46



	Annual electricity consumption intensity (kWh/m2)
	126
	375
	666.3



	Annual gas consumption intensity (kWh/m2)
	83
	389
	1320



	Total annual energy intensity (kWh/m2)
	316
	766
	1593



	Electrical cost/area ($/m2)
	6.2
	18.4
	32



	Gas cost/area ($/m2)
	1.7
	5.7
	24



	Total energy cost/area ($/m2)
	8.8
	24.2
	42
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Table 7. Annual energy intensity in kWh/m2 for the four commercial buildings in California.






Table 7. Annual energy intensity in kWh/m2 for the four commercial buildings in California.












	Energy Type (kWh/m2)
	Health Facilities
	Schools
	Lodgings
	College Campuses





	Cooling
	-
	-
	-
	-



	Initial
	59.2
	16.1
	39.8
	21.5



	Reconciled
	56.0
	8.6
	32.3
	16.1



	Ventilation
	0.0
	0.0
	0.0
	0.0



	Initial
	31.2
	19.4
	11.8
	39.8



	Reconciled
	23.7
	9.7
	8.6
	25.8



	Indoor lighting
	0.0
	0.0
	0.0
	0.0



	Initial
	100.1
	50.6
	45.2
	57.0



	Reconciled
	115.2
	35.5
	43.1
	40.9



	Outdoor lighting
	0.0
	0.0
	0.0
	0.0



	Initial
	4.3
	5.4
	6.5
	4.3



	Reconciled
	4.3
	12.9
	6.5
	3.2



	Misc. Equipment
	0.0
	0.0
	0.0
	0.0



	Initial
	46.3
	5.4
	17.2
	23.7



	Reconciled
	52.7
	4.3
	16.1
	17.2



	Hospital equipment
	-
	-
	-
	-



	Initial
	9.7
	-
	-
	-



	Reconciled
	11.8
	-
	-
	-



	Cooking
	
	
	
	



	Initial
	1.1
	1.1
	1.1
	1.1



	Reconciled
	1.1
	1.1
	1.1
	1.1



	Refrigeration
	0.0
	0.0
	0.0
	0.0



	Initial
	6.5
	2.2
	14.0
	9.7



	Reconciled
	6.5
	2.2
	14.0
	9.7
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Table 8. Energy intensity of healthcare facilities in other countries.






Table 8. Energy intensity of healthcare facilities in other countries.





	Country
	Annual Energy Intensity (kWh/m2)





	Greece [29]
	-



	Hospitals, health centers, and clinics, 1980
	235



	Hospitals, health centers, and clinics, 2001
	233



	Hospitals, health centers, and clinics, 2010 (projected)
	236



	Scotland: small health buildings, 2001 [29]
	310



	Poland [29]
	-



	University hospital, heat/hot water only, 2005–2008
	268



	Provincial hospital, heat/hot water only, 2005–2008
	327



	Malaysia: public hospital, 2008 [29]
	234



	Spain: [29]
	-



	Hospital, total energy use,~2005
	494



	Hospital, electricity only, ~2005
	169



	Thailand: an average of 79 hospitals, electricity only, 1996–2006 [29]
	149



	Bulgaria [27]
	656.5



	Estonia [27]
	147.8



	France [27]
	228.2



	Germany [27]
	317.2



	Netherlands [27]
	237.8



	Sweden [27]
	230.6



	UK [27]
	516.2











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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