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Abstract

:

Roof surfaces on which air conditioning equipment is installed cause significant air temperature increases around the condensers due to roof thermal properties, resulting in excess electrical energy consumption and greenhouse gas (GHG) emissions. An experiment to quantify such excesses during the summer was conducted at a university campus in Mexicali, Mexico. The air temperatures and surface temperatures for three types of roofs were recorded. Temperatures (condenser inlet air temperatures) were used as the input data to a priori estimate the electrical consumption of a 5-ton A/C equipment working over these different roofs. Temperatures recorded by a nearby meteorological station were used as a reference. The results indicate a differential of up to 4.81 °C, resulting in an excess of electricity consumption of 5.55 kWh and an additional 3.9 kg of CO2 emissions, representing an 8.2% energy surplus and differences of up to 2.1% in electricity consumption provoked by microclimate.
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1. Introduction


A considerable portion of the energy consumed worldwide is used in buildings. For this reason, several studies on energy consumption and efficiency improvement have been performed. Some of these studies review energy consumption, CO2 emissions, and energy policies in the residential sector. Nejar et al. [1], for example, found that global residential energy consumption increased by 14% from 2000 to 2011, mainly in developing countries. Other studies have focused on improving the efficiency of end-use energy in buildings. This aspect has become a main task of the European Commission [2,3,4]. According to the US Energy Information Administration, commercial and residential buildings consumed 40% of the nation’s total end-use energy in 2015 [5]. In 2010, the residential building sector used most of its allocated energy to heat spaces (28%), cool spaces (15%), and heat water (13%), whereas the commercial sector used 20% to light spaces, 16% to heat spaces, and 15% to cool spaces [6]. These figures show that a large proportion of the heating and cooling energy use is associated with building envelope systems such as windows, walls, and roofs. Konopacki et al. [7] concluded that heat gain through the roof may be a dominant component of the total cooling load of a building since it is highly susceptible to solar radiation.



Therefore, to improve the indoor conditioning of buildings and increase urban albedo, different studies have been carried out to analyze the conversion of hot roofs to cold roofs using membranes to increase their reflectance and reduce the indoor thermal load [8,9,10,11,12,13,14,15,16]. Due to their low solar absorptivity and high thermal emissivity, cool roofs maintain lower surface temperatures and reduce heat flow into buildings [13]. Indeed, low solar absorption increases solar reflectance, and high thermal emittance enhances the roof surface’s ability to radiate any absorbed solar energy [17,18]. Beyond the evaluation of energy performance, there are incentives for complying with energy-saving criteria [19,20], where opportunities are identified to save energy, reduce costs, and mitigate greenhouse gas emissions [21,22,23]. In addition to albedo or surface reflectance, there are thermal characteristics that are inherent to the materials that make up the roofs of buildings, and even modifying the albedo, their thermal properties are dominant within their surrounding environment [24,25] generating a microclimate, i.e., an area where the climate differs from its surroundings [26]. Features of an urban microclimate include variations in the outdoor air temperature, surface temperature, humidity, wind speed, and wind direction [27]. Several human-induced factors can cause urban microclimates. Building and construction materials can affect albedo, thermal conductivity, and urban surface heat capacities, consequently impacting the amount of reflected energy [28]. Yang et al. [29] pointed out the interest in studying urban microclimates and their impact on the built environment; they also stressed that urban heat islands (UHI) are among the most widely discussed topics in urban microclimates. In some cities, it has been estimated that between 5 and 10% of the electrical energy is used to mitigate the temperature increases caused by UHIs [30,31] since air conditioning equipment increases its workload during the summer, which leads to excessive electrical consumption [32,33].



When analyzing the effect of urban characteristics on the consumption of electrical energy for space cooling in the city of Mexicali, Santillán-Soto et al. [34] found a difference of around 2% in electricity consumption when comparing a well-planned residential area with an unplanned one in which different construction materials, for example, different types of roof materials with few green areas, among others, were used. Given this situation, the present study focused on three roofs built with different types of materials, all of which have A/C equipment installed. Their surface temperatures and the temperatures of the air entering the condensers were measured, and the excess energy induced by the temperatures reached on each roof was estimated. Finally, the EPA (Environmental Protection Agency, USA) calculator was used to determine the corresponding GHG emissions. The results of this document can help urban planners and designers develop guidelines banning urban roofing materials that create adverse microclimates for A/C equipment to reduce the energy needs of a building, mainly in cities with extremely hot weather.




2. Materials and Methods


The experiment was carried out in Mexicali, Baja California, Mexico (32.55° N, 115.47° W), on the roofs of three Universidad Autónoma de Baja California buildings. This city, located in the northwest of the country and adjacent to the southwestern border of the United States, is characterized by an arid climate, where maximum temperatures are up to 52 °C and maximum averages of 42.2 °C in summer have been reached. The coldest month is January, with a monthly average temperature of 12.4 °C [35]. This study focuses on the summer, when the need to condition indoor spaces is essential. The university campus does not have heating equipment for the winter season.



During the 2018 summer, temperature measurements were made on three buildings at the university campus with air conditioning equipment installed on their roofs. These were the Electrical Engineering Laboratory (EEL), the Basic Sciences Laboratory (BSL), and the Faculty of Engineering (FE). A weather station (WS) installed on the roof of the Engineering Institute, 15 m above ground level, was used to record the reference air temperature. The characteristics of these roofs are shown in Table 1, while the experimental locations are in Figure 1. A description of the instrumentation used in the experimentation is shown in Table 2, as well as the range and possible error associated with the values. For each surface, three T-type thermocouples were used, and the records of each one were averaged to obtain a representative hourly value of the surface temperature. To measure the air temperature at the condenser inlet, Hobo sensors were used with a protective shield from solar radiation, which was specially made to protect the sensor and correctly ensure the hourly average values at each site. The WS reference station has constant ambient air temperature measurements, which were measured with a temperature probe. A CR23X data acquisition unit was used to record and store the data of the latter and for the thermocouples. The experimental setup is presented in Figure 2.



The experiment was based on findings and considerations documented in a study by Wray and Akbari [19]. These authors developed a meticulous and detailed methodology that established experimental design criteria. They established that 0.59 m is the most representative height at which the condenser absorbs air and that the placement of the air temperature sensors must be close to the condenser; in the present study, they were installed 0.15 m away from the condenser (Figure 2). Thus, the data obtained represent the condenser inlet air temperature (Ta).



The measurement campaign lasted 20 days in July 2018. Once the data were obtained, the behavior and magnitudes of each day were analyzed. Hourly data were averaged, and the temperature differences between each roof were obtained. These air temperature data at a height of 0.59 m for each cover were used to estimate the electrical consumption of a hypothetical condensing unit with a capacity of 5 tons as a reference. Electrical consumption and outdoor temperature specifications were obtained from the Woodman manufacturer’s manual [36] to propose a mathematical model between these variables considering an indoor temperature of 23.8 °C (75 °F). Subsequently, once the model was obtained, the air temperature average hourly values were substituted to obtain the electricity consumption per hour, as was performed in a previous study in which it was shown that temperature is the most important climatic variable to estimate said parameter considering different urban surfaces [34]. The sum of electricity consumption for 12 h per day, from 7:00 a.m. to 7:00 p.m., was obtained. This period was considered due to the significant temperature differences between each surface and the reference temperature registered at the weather station (WS). The Energy Efficiency Ratio (EER) behavior with respect to outdoor temperature was analyzed. Finally, with the accumulated electricity consumption (kWh), the mass of greenhouse gases and their energy equivalents were obtained using the Environmental Protection Agency calculator [37]. This tool is based on Avoided Emissions and the geneRation Tool (AVERT), which uses the US National Weighted Average Marginal CO2 Emission Rate to convert electricity consumption into carbon dioxide emissions [38].




3. Results


3.1. Temperature and Model


Figure 3 shows the temperatures recorded in each site (FE, EEL, and BSL), both at the roof surface (Ts) and the condenser inlet (Ta), on 11 July 2018. In addition, the air temperature recorded at the weather station (WS) is displayed. As expected, the maximum and minimum values are consistent with the diurnal cycle of the solar energy transfer. As can be seen, the surface temperature (Ts EEL) of the Electrical Engineering Laboratory (EEL) roof and its corresponding condenser inlet air temperature (Ta EEL) were the highest. This behavior was expected for this metal roof. It was the same during the 20 days of the experiment since the facades and roofs that are partially covered with metal or dark colors raise surface temperatures [39,40]. The ambient temperature recorded by the WS weather station presents the lowest values because the heating of the roof surface has no effect on the station temperature sensor, as pointed out by the World Meteorological Organization concerning the installation of weather stations; it records the natural variation of ambient temperature during the day only [41].



We used an analysis of variance (ANOVA) to compare the means of the measured data of the air temperature Ta between EEL and BSL, BSL and FE, and EEL and FE, as well as Ta and WS between EEL and WS, BSL and WS, and FE and WS, considering a level of significance of α = 0.05. In all cases, the p-value obtained was <0.05; the differences between the means of Ta for each pair of sites considered are statistically significant, and the alternative hypothesis is fulfilled (Ha); therefore, it is convenient to use them for the analysis of energy (Table 3).



After validating the data measured at the sites, an electrical model was obtained with the data provided by the manufacturer for 5-ton refrigeration equipment. Thus, the electrical consumption for this type of equipment at the study sites could be estimated. Figure 4 shows the mathematical model for the proposed hypothetical equipment. This type of exponential model has been used in other studies to estimate electricity consumption for different periods considering different variables, such as temperature [42,43]. On the other hand, Table 4 shows the hourly average temperature for each experimental site and for the WS, which will be the input data to obtain the electrical consumption in each site. The standard deviation (Std. Dev.) was lower at the condenser inlet air temperature than at the surface temperature due to heat transfer at the air–surface boundary.



The previous table shows the differences between the average temperatures Ta and WS to highlight each roof’s influence on the microclimate around the condenser. Thus, TaΔEEL-WS is 4.81 °C, TaΔBSL-WS is 3.82 °C, and TaΔFE–WS is 3.8 °C. An important aspect to observe in Figure 3 and Table 4 is that at the beginning (7:00 a.m.) and at the end (7:00 p.m.) of the day, the difference between the surface temperature of the roof (Ts) and the condenser inlet air temperature (Ta) is in a range of 1 to 5 °C (depending on the roofing material), while between 1:00 p.m. and 2:00 p.m., this difference increases to approximately 22 to 30 °C. The standard deviation of Ts for the three sites is greater than that obtained for Ta, mostly in EEL and SE, due to the variability of hourly temperatures.




3.2. Temperature and Efficiency


It is important to note that the condenser inlet air temperature is affected by Ts. This behavior will have a relevant effect on the efficiency of air conditioners because the airflow temperature in the condenser (condenser inlet air temperature, Ta) produces approximately 90% of the variation in the efficiency of the equipment, as mentioned by Pérez-Tello et al. [44]. In their research, they present the following model (Equation (1)) that indicates the variations of the Energy Efficiency Ratio (EER) as Ta varies, having a maximum EER when Ta is the minimum (between 3 and 4 a.m.) and a minimum EER when Ta is the maximum (around 3 p.m.).


  EER =  e   (  α − β  T a   )    ,  



(1)







Correlation coefficients α and β were obtained with experimental information provided by the manufacturers. In the case of a 5-ton Woodman equipment, similar to the one used in this study, Pérez-Tello et al. reported that α = 3.1499 and β = 0.00987 [44]. With the outdoor temperatures from Table 4 and Equation (1), Figure 5 shows the variation that the EER has as Ta varies during the day, from 7:00 a.m. to 7:00 p.m. After 9:00 a.m., the rate of change or slope of EER and Ta decreases until reaching maximum and minimum values, respectively, between 2:00 p.m. and 3:00 p.m.



The air conditioner efficiency, influenced by outdoor temperatures, affects peak summer electricity demand. Higher efficiencies reduce maximum capacity requirements and benefit the electric company and the consumer by reducing electricity consumption [44], which also causes environmental benefits by reducing GHG emissions.




3.3. Electricity Consumption and GHG Emissions


Figure 6 shows the hourly electricity consumption of the hypothetical equipment installed on the three surfaces, EEL, BSL, and FE, as well as the hourly electricity consumption calculated with the temperature WS. In addition, the total electricity consumption is shown.



The surplus energy between each site and WS was calculated. Thus, the total electrical consumption at EEL minus the value given by WS is 5.55 kWh (Figure 6). In the same way, the excess electrical consumption for BSL and FE is 4.2 and 4.09 kWh, respectively. Therefore, the total extra energy consumption is 13.84 kWh.



Hourly surplus energy between every study site and WS, with the highest values between 1:00 p.m. and 3:00 p.m. due to the highest temperatures on all the surfaces, can also be observed. The following table, with data from the Environmental Protection Agency Calculator [37], presents the mass of greenhouse gas emissions and their equivalents derived from excess electricity consumption (Table 5).





4. Discussion


The main objective of this study was to highlight the impact of different roof coverings on the performance of air conditioning units due to the microclimate generated by roof heat gain, which results in a temperature increase in the adjacent air mass that flows to the condensers. The continuous operation of the equipment during the daytime period from 7:00 a.m. to 7:00 p.m. was considered for this analysis, as well as the theoretical electrical consumption of the A/C equipment indicated by the manufacturer.



It is important to point out that the estimation of the performance of an air conditioning unit considers the weather conditions of a zone or region commonly monitored through the ambient temperatures recorded by the available weather stations. However, the microclimate conditions surrounding the condenser are characterized by temperatures higher (Ta) than the ambient temperature (WS) due to heat gain from the roof. In turn, heat gain depends on the thermal characteristics of the materials used in each roof, and the surface temperature magnitude (Ts) reflects the impact on the amount of heat energy gained [28,45,46]. The results of this study highlight the importance of air temperatures registered close to the condenser (Ta) (Figure 2) because air conditioning equipment will be working in conditions that will reduce its performance and cause extra electrical energy consumption. That is, the equipment performance decrease (Figure 5) and the electrical consumption increase (Figure 6) are related to the air temperature (Ta) increase around the condenser due to the heat gain produced by the roof surface. Thus, the registered differences between the air temperatures at the inlet of the condensers occur due to the thermal properties of each surface. The galvanized steel sheet used in the EEL is a material that quickly stores thermal energy; it increases its temperature due to its high conductivity and heat capacity. As a result, the surface temperature TsEEL will be quite significant. The other two covers have materials with a lower thermal capacity and less conductivity since both are insulators. As a result, the surface temperatures, TsFE and TsBSL, will be lower [39,47]. On the other hand, the conduction of heat from the roof surface to the adjacent air mass and the convection up to 0.59 m in height cause air temperatures at the inlet of the condensers to present the registered magnitudes. That means that the highest surface temperature (TsEEJ) corresponds to the highest condenser inlet air temperature (TaEEL), and the lowest surface temperatures (TsBSL and TsFE) correspond to the lowest condenser inlet air temperatures (TaBSL and TaFE).



Thus, when considering the temperature recorded by the weather station WS, the electrical consumption predicted by the manufacturer for a 5-ton air conditioning unit would be 61.36 kWh. However, when considering the condenser inlet air temperature (microclimate), the electrical energy consumption increases by 8.2% for EEL, 6.8% for BSL, and 6.6% for FE. Other studies show significant and unexpected energy differences when considering the effects of the microclimate [27,48,49,50]. In the present study, these percentages represent an additional consumption of 13.84 kWh for the condensation process of the equipment to maintain the comfort conditions established inside the building. It is worth noting that this extra energy consumption represents an additional emission of 9.8 kg of CO2e into the atmosphere. From the point of view of energy savings, if strategies were proposed to minimize the increase in condenser inlet air temperature, we would avoid extra energy consumption and its corresponding CO2e emissions into the atmosphere. In this sense, energy-saving strategies based on thermal insulation and green roofs, as those presented in [51], can contribute to lowering the condenser inlet air temperature in such a way that the energy savings reported (13 to 21 kWh) could be due, to some degree, to the control of the microclimate on the roofs as an indirect result of the strategy.



To exemplify this additional emission, Table 5 presents some activities that emit the same amount of equivalent CO2 to the atmosphere. For example, it could drive a compact car 24.3 miles (39.1 km) or fully charge 1193 smartphones. The emissions will increase significantly if several air conditioning units with the same characteristics (5 tons) work on similar coverage. For example, for 500 A/C equipment installed over roofs similar to the Electrical Engineering Laboratory’s, the additional consumption would be 2775 kWh, which is equivalent to an emission of 1996 kg of CO2e, 4882 miles of compact car travel, 222 gallons of gasoline consumed, 2176 pounds of coal burned, 239,222 full smartphone charges, 80.4 cylinders of propane gas used, or 34% of the annual electricity consumption of a home in the city of Mexicali, where there is an average annual consumption of 8193 kWh in the residential sector [52].



On the other hand, some studies have projected that both northern Mexico [53] and the southwestern United States [54] will have warmer conditions in the coming years, so their energy demand will be higher. This projection highlights the importance of finding mechanisms to reduce energy consumption when using air conditioning equipment. For now, this study shows a way to estimate the excess energy consumption associated with microclimates on different types of roofs where air conditioning equipment is installed.



Finally, considering the findings in this research, design calculations for an air conditioning unit must be made in the context of the microclimate in which the equipment will be installed to truly function with microsite conditions. Unfortunately, homogeneous roofs are not always possible since cities grow at different rates and with different designs. However, applying the information presented in this paper, urban planners can intentionally propose designs aimed at reducing the generation of microclimates that significantly impair the performance of air conditioning equipment and, therefore, cause higher energy consumption related to the comfort of the inhabitants.




5. Conclusions


The most relevant aspects among the results of this study are as follows: (a) roof materials generate microclimates around the condensers of air conditioning equipment; (b) roof surfaces reach high temperatures due to their thermal properties, which heat the air entering the condensers; (c) electrical energy consumption is up to 8.2% higher due to the microclimates generated by roofs; and (d) excess greenhouse gas emissions are generated due to microclimates where air conditioner units work.



There are few on-site experimental efforts such as that described in the present study. In most cases, the microclimate simulations developed by these approaches produce outstanding results. Another consideration that stands out, in this case, is the fact of the extreme summer conditions that occur in the city of Mexicali, which involve a challenge for the electrical supply, not only in this city but in others with hot climates, considering a climate change scenario that is already taking place and will continue in the future. The expected urban scenario is critical, and it will require the construction of more power plants, that is, more electrical generation to cover the demand for A/C equipment, plus surpluses not considered due to microclimates.



This information is also helpful for manufacturers because it provides data on the performance of their equipment under microclimate conditions and the opportunity to establish new criteria to consider the actual temperature of the air that can enter the condenser; that is, not only the ambient temperature is sufficient to calculate capacities when proposing an air conditioning system, but also the condenser inlet air temperature.



Investigation on urban microclimates, empirical or experimentally, should continue to reach the goal of saving electricity and reducing GHG emissions provoked by air conditioning equipment. There are many opportunities to improve the microclimate surrounding current and future university campus facilities and the city. Planners, designers, decision-makers, and other professionals responsible for the city’s growth must establish construction standards and regulations that minimize the impact generated by microclimates on the emission of greenhouse gases and counteract global warming.
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Figure 1. Location of the experimentation sites of the university campus. 
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Figure 2. (a) Arrangement of air temperature sensor at condenser inlet; (b) arrangement of instrumentation; (c) location of measuring equipment; (d) location of the Radiation Shield to house the Hobo U12-011 sensor; (e) HMP45C WS Temperature Probe; and (f) U12-011 Hobo sensor inside the Radiation Shield. 






Figure 2. (a) Arrangement of air temperature sensor at condenser inlet; (b) arrangement of instrumentation; (c) location of measuring equipment; (d) location of the Radiation Shield to house the Hobo U12-011 sensor; (e) HMP45C WS Temperature Probe; and (f) U12-011 Hobo sensor inside the Radiation Shield.



[image: Atmosphere 14 00945 g002]







[image: Atmosphere 14 00945 g003 550] 





Figure 3. Condenser inlet air (Ta) and surface (Ts) temperatures at the three experimental sites, 11 July 2018. 
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Figure 4. Model obtained from the data provided in the operating manual, Woodman, 2018. 
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Figure 5. Behavior of Energy Efficiency Ratio (EER) with respect to the condenser inlet air temperature. 
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Figure 6. Hourly electrical consumption and total consumption for 12 h. 
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Table 1. Description of the roofs on which the experimentation was carried out.
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	Building
	Roof Materials





	EEL
	Electrical Engineering Laboratory
	Galvanized steel sheet painted with gray paint



	BSL
	Basic Sciences Laboratory
	Galvanized steel sheet covered with sprayed polyurethane



	FE.
	Faculty of Engineering
	Insulated concrete slab with 2″ expanded polystyrene covered with gray roofing felt
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Table 2. Description of the instrumentation used in the experimentation.
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	Instrument
	Model
	Purpose
	Quantity
	Range
	Error





	Datalogger CR23X
	Campbell Scientific
	Thermocouple data storage
	3
	N/A
	N/A



	a Thermocouple T
	Omega
	Surface temperature reading
	9
	−40 °C to 350 °C
	+/−0.35 °C



	b Hobo U12-011
	Onset
	Air temperature reading at the condenser inlet
	3
	−20 °C to 70 °C
	+/−0.35 °C



	c Temperature Probe HMP45C (WS.)
	Vaisala
	Air temperature reading at the weather station
	1
	−40 °C to 60 °C
	+/−0.4 °C







a Thermocouple attachment pads were used to maintain the thermocouples in contact on each surface. Surface temperature data were recorded every 10 min, and hourly averages were obtained. b The Hobo sensors were placed at a height of 0.59 m from each roof that was analyzed. Condenser inlet air temperature data were recorded every 10 min, and hourly averages were obtained. c WS ambient temperature. It was located 15 m above the ground; temperature probe data were recorded every 10 min, and hourly averages were obtained.
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Table 3. Analysis of variance for the air temperature data sets considering a significance level of α = 0.05 for the air temperature (Ta) data sets measured at the study sites.
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	Pairs of Study Sites Considered *
	EEL vs. BSL
	BSL vs. FE
	EEL vs. FE
	EEL vs. WS
	BSL vs. WS
	FE vs. WS





	p-value
	0.008
	0.004
	8.22 × 10−8
	7.35 × 10−25
	2.09 × 10−20
	7.63 × 10−16







* Null hypothesis (H0): The means of each data set are equal. Alternative hypothesis (Ha): The means of each data set are different.
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Table 4. Hourly averages of temperatures (°C) for July 2018 at the study sites.
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Site

	
07:00

	
08:00

	
09:00

	
10:00

	
11:00

	
12:00

	
13:00

	
14:00

	
15:00

	
16:00

	
17:00

	
18:00

	
19:00

	
Avg.

	
Std. Dev.






	
Temperature at 0.59 m (Ta)




	
EEL

	
29.09

	
33.30

	
36.75

	
39.33

	
41.66

	
44.01

	
45.56

	
46.38

	
46.46

	
46.21

	
45.61

	
44.46

	
40.72

	
41.50

	
5.54




	
BSL

	
29.94

	
32.28

	
35.14

	
37.76

	
40.24

	
42.69

	
44.56

	
45.63

	
45.82

	
45.46

	
44.56

	
42.23

	
40.32

	
40.51

	
5.29




	
FE

	
30.98

	
33.87

	
35.47

	
37.69

	
39.90

	
42.11

	
43.63

	
44.60

	
44.74

	
44.56

	
44.05

	
43.35

	
41.45

	
40.49

	
4.60




	
Surface temperature (Ts)




	
EEL

	
25.27

	
33.89

	
46.31

	
56.15

	
64.69

	
71.92

	
76.07

	
75.55

	
72.05

	
66.49

	
59.49

	
49.36

	
37.25

	
56.50

	
16.87




	
BSL

	
28.43

	
36.14

	
41.09

	
46.74

	
52.72

	
54.30

	
57.39

	
57.69

	
56.36

	
54.07

	
51.12

	
46.08

	
40.44

	
47.89

	
9.10




	
FE

	
26.66

	
32.61

	
42.56

	
51.05

	
57.98

	
64.38

	
68.66

	
69.51

	
67.46

	
63.87

	
59.10

	
52.81

	
45.23

	
53.99

	
13.86




	
Weather station (WS)




	
WS

	
31.28

	
31.52

	
32.92

	
34.49

	
36.00

	
37.36

	
38.35

	
38.45

	
39.23

	
39.78

	
38.99

	
39.05

	
39.58

	
36.69

	
3.12
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Table 5. Surplus electricity consumption, greenhouse gases, and equivalents.
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Δ Kilowatt Hour = Δ Emissions

	
Greenhouse Gas Emissions Equivalent to






	
5.55 kWh = 3.9 kg CO2e

	
9.8 miles driven by an average passenger vehicle

0.443 gallons of gasoline consumed




	
4.4 pounds of coal burned




	
478 smartphones charged




	
0.161 propane cylinders used for home barbeques




	
4.2 = 3 kg CO2e

	
7.4 miles driven by an average passenger vehicle

0.335 gallons of gasoline consumed

3.3 pounds of coal burned

362 smartphones charged

0.122 propane cylinders used for home barbeques




	
4.09 = 2.9 kg CO2e

Summary:

13.84 = 9.8 kg CO2e

	
7.2 miles driven by an average passenger vehicle

0.326 gallons of gasoline consumed

3.2 pounds of coal burned

353 smartphones charged

0.181 propane cylinders used for home barbeques

4.3 miles driven by an average passenger vehicle

1.1 gallons of gasoline consumed

10.9 pounds of coal burned

1193 smartphones charged

0.401 propane cylinders used for home barbeques
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