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Abstract

:

The purpose of this study has been to conduct an energy diagnosis research of the third level. An energy diagnosis is a tool aimed to seek improvements related to measures of energy efficiency and saving, and environmental conservation as well. These improvements would prove to be relevant for any kind of building. The diagnosis was carried out in 36 university buildings (Renewable Energy Institute—REI) through survey and census; that in order (to identify and) to characterize current patterns of energy consumption and demand, as well as for generating specific strategies towards energy efficiency and saving, for instance the identification of systemic indicators and corrective proposals, and non-financial investment. The results promote the achievement of grand energy efficiency. The task on energy conservation entails the supporting participation of each person who either studies or works in the entity, whereas some other activities require economic stimulus for being implemented. Annual per capita energy consumption in the REI is 40 kWh/person: that is greater than the country’s average consumption rate. The main energy consumption corresponds to Building 3.1 (49% of total energy consumption). This is due to its large concentration of laboratories specialized in renewable energy research and innovation.
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1. Introduction


The building sector does not regularly exist as the one field that takes into account categorizing the final energy consumption. In fact, the International Energy Agency [1] divide the final energy consumption into three parts: industry, transport and ‘other’ (for residential, commercial and public services, agriculture/forestry, fishing and non-specified consumption). Allouhi et al. [2] reported that the buildings with their various types, are surely responsible for a major part of the consumed energy inside the ‘other’ sector. Figure 1 [1] shows total final consumption by source and share of oil products final consumption by sector, in Mexico.



The building sector, which covers residential, commercial and public buildings, includes many types of buildings (schools, universities, hotels, hospitals, offices, etc.) with a wide variety of uses and energy services. And yet, few sources offer data by typology and there is not consensus on a universal classification, which makes the analysis extremely difficult. The categorization for building is not universal, as these are associated to wide climate conditions and construction type variations, different building/space types and floor area, which makes the comparison and the analysis very difficult [3,4]. The buildings sector is the largest energy-consuming sector, accounting for over one-third of final energy consumption globally and an equally important source of carbon dioxide emissions. In certain regions highly dependent on traditional biomass, energy use in buildings represents as much as 80% of total final energy use [5]. In the case of Mexico, the building sector consumes 18% of country’s total energy [1,6]; and the university buildings belong to the building sector. Morillon et al. [7] determined that in Mexico, educational buildings (schools and universities) consume 14.5% of comercial building’ energy.



One university campus is a placed that encompasses a diversity of elements, different uses, buildings and usage profiles [8]. Moreover, educational buildings function as community centers of activity and learning; therefore, they must pose an exemplary management within the community and hence be able to demonstrate the best practices regarding high performance and energy consumption design. Optimizing energy consumption in buildings during operation can reduce significantly their impact on the global environment. Some authors have investigated energy consumption in university buildings: Yuan et al. [9] compare the effect of energy conservation measures between two buildings on university campus in northern China. Zhang and Xu [10] evaluated end use consumption in a university campus based on energy consumption surveys; Hong et al. [11] presented an energy consumption study for the University of Korea. Escrivá-Escrivá et al. [12] modeled space conditioning load curves in a university building in the Universidad Politécnica de Valencia in Spain; Aljami [13] performed an energy audit of an educational building in a hot summer climate in Kuwait; Desideri et al. [14] presented results from the European project Educa-RUE: an example of energy efficiency paths in educational buildings.



The amount of energy consumed for each build m2 (kWh/m2) and for each building user (kWh/person) pose the most commonly used indicators for energy consumption. Several authors [15,16,17,18,19] have defined these indicators in order to estimate the consumption of energy in higher education buildings. Therefore, due to the set of elements that have been provided for the quantification of energy consumption in buildings, there is solid ground for conducting diagnosis performance and evaluation of energy uses. Annual per capita consumption in the REI is 40 kWh/person: that is greater than the country’s average consumption [20].



An energy diagnosis (ED) is a tool that analyses, measures, and evaluate the main energy consuming equipment, systems and processes in a systematic and objective manner. ED offers a possibility of improvement, modernization and savings, which can lead to greater energy efficiency [21,22,23,24,25,26]. In such regard, ED allows for the enhancement of both environmental and production conditions in which has been involved, by being able to overcome the current conditions of productions and individuals’ performance [27]. In regular conditions, the exercise of an ED, made by professionals of the energy field, lead to reducing production costs without negatively affecting its quality and quantity.



The buildings ED is a habitual activity and promoted by authorities in countries belonging to Europe, North America and some countries in Asia. These three continents concentrate most of the scientific articles on energy diagnosis. On the other hand, in Central America, South America, Africa, Oceania and largely of Asia, the energy diagnosis is far from being an everyday activity, although a few authors from these continents have researched on buildings ED.



According to the National Commission for the Efficient Use of Energy (NCEUE-Mexico) [28], the main objectives of an ED are to establish energy saving goals, design and apply integral systems for saving energy, evaluate energy saving measures technically and economically and decrease energy consumption, without negatively affecting production levels and conditions.



Energy consumption and power demands are the main variables analysed in this research. Buildings comprehend approximately 40% of global energy consumption and also play an important role in the energy market. It is predicted that energy demand for buildings will continue growing worldwide in future decades [29,30,31]. As for this research, energy consumption means the amount of electrical energy consumed by REI users, while power demand means the resulting value out of calculating the average instantaneous power over a period of time [32]. There are different methods for calculating this value, but the most commonly used is the “sliding window”, in which the interval is 15 min.



This study is focused on an ED of university buildings in tropical climate conditions that is compared with an ED conducted at the same institution 10 years ago. We propose three levels of energy diagnosis to meet the NCEUE’s standards. These attributes differentiate this research from other similar studies.



Finally, the main aim of this research is to produce strategies and proposals derived from a third level energy diagnosis, by characterizing consumption patterns, in order to help achieving greater energy efficiency levels within the REI. The task at hand requires of the supporting participation of each person who either studies or works at the entity, while some other activities require economic stimulus for its implementation. To investigate the REI’s energy consumption is of importance for Mexico since this entity is dedicated to train professionals that will deal with their own researches on mechanisms and energy saving strategies. Therefore, such energy saving proposals applied in this place will serve as an example for students as well as for the community linked to the Institute. Recently, in August 2018, UNAM provided a new space to the REI. The place has a total area of 39.750 m2 and it is located near the REI. As a consequence, the Institute will be able to expand its teaching and research activities [33]. Therefore, new construction projects should take into consideration the energy saving proposals reported in this research.



Background


The REI is located in the municipality of Temixco, Morelos (Mexico). The climate of the Temixco zone is tropical (altitude: 1237 m). Precipitation varies 194 mm between the driest and wettest month. Average temperature varies 5.4 °C (see Table 1).



The REI is the result of teaching, research and dissemination activities performed institutionally since 1979, and also corresponds to the transformation of the Energy Research Centre (ERC) into an Institute in 2013.



Back in year 2006, an ED was conducted at this entity. The ERC had 12,223 m2 distributed among 13 buildings, located in a total area of approximately 32,581 m2. According to this ED, for the activities performed in this institution, electric energy was required as the main source, in addition to small amounts of LP gas and diesel. The latter were needed to operate the emergency power plant, which was used sporadically when power outages in the area occurred [35]. The activities of this institution have not changed fundamentally in its evolution from centre to institute, but it has grown considerably in size. In the present time it has 14,700 m2 distributed among 36 buildings (Figure 2).



The mission of the Institute is to carry out basic and applied scientific research in energy, with emphasis on renewable energies, which contribute to the development of sustainable energy technologies. In the present days, renewable energy sources have gained much popularity for being an alternative energy source next to fossil fuel. Additionally, these sources present, during power generation, low or zero levels of pollutants emission to the environment. In spite of the fact that these sources still do not meet the energy needs, as fossil fuels do, they have been decisive as for solutions of many energy problems, like in the case of electric and water supply for rural sectors [36,37,38]. Moreover, the so-called conventional energy sources, based on hydrocarbons or combustible fuels, remain as the main energy source including both residential and productive sector. Therefore, since there are reasons for depending on those types of energy carriers, it is tremendously necessary to strengthen the saving measures and rational use of all potential sources of energy [35]. In any case, it is to be said that the saving and rational use of all energy forms will be at the centre of the application and control of a specific or detailed program for the same purpose. Regardless of the place in which it is done, buildings design starts from technically based methods or procedures in order to identify the efficiency and accountability with any type of energy.





2. Methodology


The ED performed entailed different stages: authorization management, previous diagnoses review, billing analysis, data collection, electrical parameters measurement, energy indicators and corrective measures approach. Below is the breakdown of each step:




	
Asking the permission of REI authorities. In order to gain full cooperation from the REI staff and its users during the collection of technical data, permission and support was requested to Management.



	
Reviewing a previously conducted ED at this institution: in this case, the CIE Energy Conservation Program [35].



	
Performing analyses on the electric billing of 32 months (August 2013 to March 2016).



	
Measurement of electrical parameters using a DM-III Multitest network analyzer for obtaining values on voltage, current, electrical consumption, etc. The equipment was connected to REI substation for one week (Monday to Friday).



	
Collecting of data throughout the entire Institute, and its 36 different areas. According to the different sorts of activities conducted in each area, and in order to simplify the exercise of this step, there were categories of interest established for the diagnosis of each one. This meant designing a different set of questions aimed at obtaining the specifics as for the equipment’s electrical parameters: computers, air conditioners, laboratory equipment, lighting, workshop, chillers (water based), fans, pumps and miscellaneous. Information was collected on the electrical parameters of each equipment (power, voltage, current), in addition to the period of daily use and days per week on use. Finally, the thrown data allowed an estimation about the installed, daily and weekly consumption demand.



	
The energy indicators, according to the ISO 50001, Electricity Consumption Indicators (ECI) were established to qualify the performance of REI buildings; the indexes selected to qualify the institution were: surface ECI or built per m2 (kWh/m2) and personal ECI or per capita (kWh/person).



	
Suggesting of corrective measures with or without investment. Once the energy consumption patterns were characterized and the starting point was established, various corrective measures were proposed.








We propose three levels of ED to meet the NCEUE’s standards. The energy diagnosis is then classified relative to its depth of analysis and for that there are three categories:




	
Level one or basic: the ED is carried out with visual examination in which every piece of energy consuming equipment is recognized and reviewed in order to generate an idea of potential saving measures. These measures can go from suggestions of modification on operation habits, towards correction of waste disposal or incorporation of more efficient technologies. This analysis lacks actual measurement, then such energy saving potential measures are merely estimates and the savings may or may not be achieved. The main advantage of this approach is that it provides a general idea about the existence of possible energy savings (economical cost).



	
Level two or fundamental: the ED provides information on energy consumption whether it is electric or thermal, at functional areas or in specific operation processes. This level of analysis is the most useful for determining potential savings in a facility due to its qualitative and quantitatively analysis on most of the energy consuming equipment. This level offers data on energy saving and costs reduction, thus stating goals for achieving greater energy efficiency. For this level it is important to have all equipment and instruments necessary for the evaluation of energy parameters.



	
Level three or advanced: the ED generates precise and detailed information on each one of the relevant points of the industrial process diagram, or any installation to be evaluated; as well as the energy losses of all equipment involved. This level of analysis is characterized by the participation of specialists and the use of the extensive instrumentation related to data acquisition. Studies on engineering and actions suggested for achieving energy saving are the product of the reengineering process. In fact, the cost is much greater in the second level of analysis.








Despite the existence of this classification, the ED levels are not rigid. In many cases, a study can be applied to a single part or stage of the process or installation, thus granting the possibility to create intermediate levels that may focus on certain objectives and scopes for specific areas of the process or installation




3. Results and Analyse


3.1. Electricity Billing


The energy supply for the REI is provided by the Federal Electricity Commission CFE as it was established in a contract for the H-M tariff (H: hourly; M: medium voltage). This applies to energy services of any kind; and as it is of medium voltage supply, and then the demand of 100 kW or more is needed. Additionally, the CFE makes special distinctions between charges depending on which area of the Mexican territory the facility is located. According to the receipts emitted by CFE (from August 2013 until March 2016) as for the REI energy use, electric demand was of 130 kW, considering that is located in the country’s central region. Furthermore, there are benefits for the use of all potential power that occurred once during each of the revised months.



Figure 2 shows the consumption behaviour of electrical energy (in kWh), and the potential demand (in kW) as for the months indicated. A growing trend can be observed over time, which corresponds to the increasing in size that the Institute experienced in recent years. There are also periods of time where the consumption and demand levels were lower, specifically during June–July and December to January. This is because those are holiday periods for teachers, students and administrative staff, hence the number of users decreases considerably, and that is reflected in the levels of demand and consumption of energy. Additionally, it is a fact that during all year, the REI users make use of the air conditioning system due to the high temperatures from January until December (see Table 1). As other authors [36,37,38] have detected variability in energy consumption related to climate conditions, the case of the REI’s energy consumption level presents no variation in such terms because the area of Temixco is characterized by its tropical climate conditions.



When comparing the month of September 2013 with September 2015, an increase can be seen of 21% on energy consumption and of 29% on power demand. Such increase is directly related to the implementation of Building 3.1 at the end of 2014. This building has a number of laboratories containing specialized equipment that consume a considerable amount of energy. It also can be seen that, when comparing the month of January 2016 with January 2006 [35], there is an increase in energy consumption of more than 100%, while power demand increased more than 500% (see Figure 3 and Figure 4).



The changes in consumption and demand are reflected in the charges of energy and demand. Figure 5 shows the behaviour of both elements throughout the same period of time. It can be noticed that the amount of energy charges has been decreasing, while amounts of demand charges have increased. This decrease in payment for energy is caused by the incorporation of photovoltaic repairs in the Institute. This source of energy can supply up to 21% of the Institute’s total energy demand.




3.2. Electrical Parameters Measurement


Figure 6 shows the instantaneous load profile of the REI. There, it can be noticed that the demand profile from Monday to Friday is similar. Demand begins increasing at 8:00, time in which working activities start in the facilities of the Institute. Maximum demand peaks appear during 13:00 and 17:00, and the average value of maximum demand registered is of 102.16 kW. The minimum demand is between 6:00–7:00 during the week and weekends, and the minimum value registered lies within 25 and 75.95 kW. The trend observed in Figure 4 is caused by the increased usage of the REI’s facilities during the day and also by the increase of environment temperature after lunch time. When comparing the data from 2006, as the average of maximum demand was of 90 kW and the minimum demand of around 30 kW [35], it can be demonstrated that demand has grown 16% during the past 10 years.



Figure 7 presents the profile of current levels for each phase. As it can be seen, the highest demand levels appear from Monday to Tuesday. According to the instantaneous load profile, the increase starts, during work week, at 8:00 and it maintains a high demand rate until 21:00 approximately. During weekends, demand level is minimal.




3.3. Results of the REI-UNAM Survey


A total of 1096 luminaires distributed throughout the institute were counted. These devices correspond to an installed power of approximately 117.2 kW. In the computer category, 411 computer units (such as computers, screens, printers, etc.), make use of 107.9 kW of power. 52 air conditioning units of different capacities are responsible for 240.7 kW. Below in Table 2 and in relation to the 9 categories extracted from the data collection, indicators for daily consumption, weekly consumption and potential demand can be observed.



Results taken from Table 2 can be used for calculation of monthly consumption: time period in which electricity is billed. This can be done by multiplying the weekly energy consumption value by 4.



Based on the Monthly consumption, Figure 8 shows the energy consumption percentage for each category. It is worth to mention that actions must be taken to reduce the air conditioning and lighting percentages, since those two categories present the highest values. High energy consumption of air conditioning system is due to the fact that maximum ambient temperature is close to 30 °C during the entire year. Other authors [39,40,41] have also determined that it is the air conditioning system the piece of equipment that consumes most energy within a building. It should also be noted that in the 2006 ED, the categories for computers and air conditioning were responsible for 37% and 15% of energy consumption respectively. Lighting comprehended only 10% of the energy consumption for the REI.



By separating buildings according to their energy consumption, it can be seen which of them present the higher consumption percentages regarding the rest. This separation was performed considering what the main activity in the building was. As a result, 12 different categories were extracted for the buildings of the REI: exteriors, laboratories, offices from A to E, administrative, mechanical workshop, classrooms, library and cafeteria. Figure 9 presents the distribution of the areas according to their percentage of consumption. The sum of the 12 categories’ energy consumption comprehends the 100%. Laboratories consume 54% of the total energy consumed in the REI.



More than half of the total energy consumption goes to the laboratories, and that is consistent with the research function of the Institute. The exterior area also presents a high percentage of consumption, and this is caused by all the lighting equipment available during night-time. In Figure 10, a breakdown for the kinds of laboratories is shown for finding out which of them consumes the most power. With that information, the proposals for energy saving and efficiency can be directed, regarding this area.



In Figure 10, it can be observed that most of the energy consumption occurs in Building 3.1 (49% of total consumption) due to its large concentration of laboratories specialized in renewable energy research and innovation. This new building is fully equipped with air conditioning systems, which explains its higher consumption percentage. Moreover, most of the teams that work inside, manage experiments the entire daytime for several days a week. The rest of the laboratories were built with basis on the philosophy of not using the air conditioning systems, excluding those in which a controlled temperature environment is required; as it is the case of the instrumentation and photovoltaic laboratories.




3.4. Indicators for REI


The energy indicators serve as a basis to determine the most influential data to this research, which is characterized for its susceptibleness towards changes. These indicators also comprehend a good tool when comparing energetic behaviour between commercial buildings and similar services. Additionally, these show clearer and more precise results. The types of indicators analysed in this work can be applied to distinct commercial buildings of the country. Below are presented the general terms for the indicators.



In accordance to the content of ISO 50001, two indicators were selected, as these represent essential information on a building’s energetic performance. These indicators allow the comparison between similar buildings and also provide information on how efficient (or inefficient) the electricity consumption is in a specific building.



The most precise way of determining the consumption level of a building’s electric energy is calculated by kWh/m2 and kWh/person, monthly of annually. This means, calculating the total amount of energy used during a year by a specific area and by the users of the building. This measurement is commonly used to evaluate and to compare the building’s energy efficiency [42]. After analysing all the collected data, ECI was calculated as it is following stated:




	
Surface ECI: Monthly building consumption (kWh)/constructed area (m2).



	
Personal ECI: Monthly building consumption (kWh)/building user or (kWh)/person.








Taking into consideration the most current data provided by the Energy Information System (EIS) of the Secretariat of Energy (SENER) for the year 2015; the annual consumption per capita in the country was of 2.055.59 kWh/person. Considering that the last value means 171.30 kWh/person monthly [42], a comparison is made to the average value of kWh/person of the REI (obtained in Table 3). The resulting number is lower by approximately 40 kWh/person. This means that the energy consumption in the REI is above the average energy consumption level of the country, therefore, energy saving measures must be set in motion.



In relation to the indicator for energy consumption per constructed square meter, it is important to highlight that the REI presents several uses within the same facilities. Among such uses there are: offices, schools, research laboratories and even restaurants. Therefore, to use it, one of the buildings of the study must be selected, and then specify its main use.





4. Discussion


Climate condition is one the aspects that usually generates the most important variability in order to obtain the energetic behaviour of a building [43]. However, Temixco’s climate condition is tropical; hence the temperatures (minimum-average-maximum) are similar during the entire year. As a consequence, for this study the variability of energy consumption is directly related to the use of the REI.



Since the last energy diagnosis in 2006, energy consumption at the REI has increased considerably. The reason for this is the increase in size of the institution regarding its facilities and number of users. The main energy consumers are the laboratory users. Moreover, air conditioning system is the equipment responsible for the highest energy consumption because of the high temperatures recorded throughout the year. Several authors [44,45,46,47] have reported that air conditioning systems are usually the largest consumers of energy within a building.



After the information was collected and properly analysed, a set of proposals was generated. These were thought to aid in the energy and monetary saving of the institution, and also for having a positive effect on the surrounding environment. These proposals are in accordance with the trends also found in different international contexts [48,49,50,51], and state as follows:



1. Operational measures for reducing energy consumption from the miscellany item:




	
Turning off and unplugging equipment that is not being used (for instance coffee machines, printers, fans, chargers, microwaves, projectors, etc.).



	
Turning off lights and trying to take the most advantage as possible out of natural light.



	
Disconnecting water dispensers during nighttime.



	
Activating the “energy saving mode” in the devices that have integrated this function.








2. Installation of thermal insulation in walls and ceilings for buildings with air conditioning system.



The thermal resistance of the buildings envelope will increase through the installation of thermopane and insulation in the walls and ceilings. Thermal insulation is one of the most valuable tools in achieving energy conservation in buildings [52,53,54]. Numerous studies estimated the optimum thickness of thermal insulation used in external walls for different climate conditions [55,56,57,58,59,60,61,62,63,64,65].



3. Use of evaporative coolers or “cooler” instead of air conditioning systems is proposed.



Due to the climate characteristics of Temixco (see Table 1).



4. Annual maintenance on each installed equipment performed by a specialized technician.



This, according to the study conducted by CNEUE, where it is explained that air conditioning systems that go two or more years without maintenance, consume two times more energy [29].



5. The replacement of T8 light fixtures with T5 light fixtures, which have a wide range of applications such as offices and research institutes.



These also have a lifespan of 24,000 h, hence resulting in 2.7 years and a lighting efficacy of up to 104 lm/W at a temperature of 35 °C. This is congruent to the climatic conditions of the state of Morelos.



6. The replacing of lights in sports areas with LED Reflectors [66] of 50 W.



This implies a saving of 95% of the energy consumed by a single light of the 8 currently installed. In addition, these have a lifespan of more than 50,000 h which translate into 5.7 years [67,68].



7. Conducting awareness campaigns and training for people involved in the institution.



In order for them to learn about good habits, as they are considered to be the final users of electric services among the different buildings part of the REI.



8. Promoting the use of solar air conditioning created by investigators of the institution.



The solar air conditioning consists of a cooling system made up of solar collectors. These are located on a surface of around 48 m2. It works with water at a temperature between 90 and 100 °C and a mixture of lithium nitrate and ammonia, which cools a room [69].



9. Automated use of primary lighting and air conditioning.



To avoid lights and air conditioning being on when there are no users present.



By adding these kinds of proposal, some of which do not necessarily need of financial support but rather large amounts of individual contribution, the goal of having an energy efficient institute can be achieved. According to the international energy policy organizations, the adoption of energy rational usage measures saves up to 30% of annual bills. This also signifies on contributions towards the reduction of greenhouse gas production [70].



Svenfelt et al. [71] argue that in order to promote changes that actually enable the implementation of energy-saving measures, it is also important to ask who are the potential actors that can implement the proposals, as well as when and how those relevant actors can be persuaded to follow the guidelines in their turn. In such manner, the proposals can be operationalized and transmitted to a more concrete level where it becomes cleared which steps are needed first in order to achieve change.




5. Conclusions


As the REI as grown throughout history, its energy consumption has increased too. Despite that fact, their consumption patterns, although higher as for some areas, continue to be very similar in charge and current drive. These patterns also show that air conditioning systems, computing and laboratory devices or units demand and consume the most. The energy consumption variability in the Institute is more related to its usage rate than to the climate conditions. Laboratories consume 54% of the total amount of energy used in the REI. The main energy consumption goes to Building 3.1 (49% of total energy consumption), because of its large concentration of laboratories specialized in renewable energy research and innovation. Annual per capita consumption in the REI, compared to the average value of the country, is greater than 40 kWh/person. This last aspect led us to generate strategies and proposals that may help the REI to achieving greater energy efficiency. Such proposals require the supporting participation of each person who either studies or works in the institute, while some other activities require economic stimulus for its implementation. Finally, energy diagnosis (of the third level) turned out to be an adequate methodology to determine the energy consumption of an educational building.
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Figure 1. For Mexico: (a) Total final consumption by source, (b) Share of oil products final consumption by sector [1]. 
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Figure 2. (a) Installations of the REI. (b) General layout of the REI (2016). Construction area 14,700 m2. 






Figure 2. (a) Installations of the REI. (b) General layout of the REI (2016). Construction area 14,700 m2.



[image: Buildings 08 00136 g002]







[image: Buildings 08 00136 g003 550] 





Figure 3. Energy consumption (kWh) and the power demand (kW) for the period from August 2013 to March 2016. 
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Figure 4. Energy consumption (kWh) and the power demand (kW) for the period from January 2003 to March 2006 [35]. 
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Figure 5. Energy and demand charges in Mexican pesos for the period from August 2013 to March 2016. 
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Figure 6. Instantaneous charge profile of the REI during the week 26 April 2016 to 3 May 2016. 
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Figure 7. Current profile of the REI for the three phases during the week of 26 April 2016 to 3 May 2016. 
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Figure 8. Monthly percentage of equipment energy consumption. 
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Figure 9. Consumption percentage by area. 
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Figure 10. Breakdown for the types of laboratories and their monthly consumption percentage. 
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Table 1. Monthly average values of: maximum temperature (°C), minimum temperature (°C), average temperature (°C) and precipitation (mm) [34].
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	Weather Conditions
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D





	Maximum temperature (°C)
	29.1
	30.8
	33.3
	34.8
	34.1
	31.6
	30.3
	30.1
	29.5
	29.7
	29.7
	28.9



	Minimum temperature (°C)
	12.1
	13.1
	15.2
	16.9
	17.8
	17.6
	16.7
	16.4
	16.5
	15.2
	13.4
	12.2



	Average temperature (°C)
	20.6
	21.9
	24.2
	25.8
	25.9
	24.6
	23.5
	23.2
	23
	22.4
	21.5
	20.5



	Precipitation (mm)
	14
	4
	4
	12
	61
	198
	169
	177
	185
	73
	18
	5
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Table 2. Daily and weekly energy and installed demand for the different categories.
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	Categories
	Daily Energy

(kWh)
	Weekly Energy

(kWh)
	Installed Demand

(kW)





	Air conditioners
	839.20
	4884.04
	240.67



	Pumps
	60.03
	327.51
	17.29



	Computers
	688.28
	3758.93
	107.91



	Chillers (water)
	187.26
	1007.59
	18.51



	Laboratory equipment
	694.99
	1929.09
	116.46



	Miscellaneous
	398.90
	2336.45
	64.55



	Workshop
	23.68
	71.03
	23.68



	Fans
	11.23
	52.40
	2.94



	Lighting
	851.94
	4202.60
	117.17
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Table 3. Electricity Consumption Indicators (ECI) for buildings of REI-UNAM.
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	Buildings of REI-UNAM
	Surface ECI

(kWh/Constructed Area (m2))
	Personal ECI

(kWh/Building User)





	Administration
	71.87
	47.23



	Library
	280.42
	470.71



	Cafeteria
	136.45
	52.53



	Courts
	11.63
	58.18



	Filters test house
	1.06
	2.82



	Vigilance stand
	652.55
	469.83



	CEMIE
	118.25
	170.72



	Cubicles A
	77.82
	60.45



	Cubicles B
	61.26
	52.21



	Cubicles C
	54.47
	47.66



	Cubicles D
	71.00
	63.14



	Cubicles E
	172.31
	161.54



	Management office
	114.05
	184.23



	Building 3.1
	1697.43
	112.19



	Outsides
	0.39
	1205.73



	Solar oven
	9.79
	58.75



	Lab. Photovoltaic I
	752.73
	376.36



	Lab. Photovoltaic II
	542.88
	232.66



	Lab. Hydrogen
	64.56
	69.94



	Lab. Instrumentation
	4424.41
	557.48



	Lab. Nanostructures
	52.83
	66.04



	Lab. Metallic oxides
	28.47
	21.35



	Lab. Plasma
	22.80
	20.90



	Lab. Chemical I
	51.79
	274.47



	Lab. Refrigeration and heat pump
	83.53
	71.60



	Lab. Pyrolytic dew
	74.65
	74.65



	Lab. Sputtering
	622.72
	259.47



	Lab. Thermoscience
	941.60
	1279.64



	Lab. LIER
	8.17
	26.95



	Lobby
	46.84
	312.27



	Pilot plant
	1082.61
	582.94



	Solar platform
	7.83
	262.07



	Postgrad
	348.98
	23.06



	STUNAM
	89.93
	214.03



	Garage
	20.70
	117.26



	Tonatiuh
	4.37
	9.91



	AVERAGE
	560.93
	224.19











© 2018 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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