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Abstract 
 

Current climate change is happening in a very short space of time, this is mainly linked to 

the increase in the concentration of Greenhouse Gases (GHG) such as carbon dioxide 

(CO2). According to the Worldwide Fund for Nature, in 2020 68% of global GHG emissions 

came from only ten countries, including Mexico (contributing with 1.68%). The main sources 

of GHG emissions in Mexico are transportation, electricity generation, and industry.  

Climate change puts health, food, and energy security at risk, as well as the access to water 

of millions of Mexicans. An important aspect today is that energy consumption has increased 

dramatically in "buildings". Buildings’ energy use currently represents more than 40% of total 

primary energy consumption in the U.S.A. and the E.U. To be successful in limiting global 

warming, the world urgently needs to use energy efficiently, as well as switch to clean energy 

sources for transporting, heating, or cooling. 

For this, this work establishes the necessary guidelines for the creation of the University 

Energy Program (UEP) of the UASLP, this program seeks to: promote good practices in the 

use of energy, energy efficiency, sustainable urban mobility. To comply with the above, the 

following objectives were proposed: 1) To Identify the Energy Context of the UASLP and 

identify opportunities to improve its energy performance. 2) To develop an Energy Review 

of the UASLP to carry out Energy Planning following Significant Energy Uses. 3) To 

determine the requirements established in the ISO 50001: 2018 standard necessary to 

design the UEP. 4) To structure and establish a step-by-step action plan, where the 

resources to be used for the establishment of the UEP according to the ISO 50001: 2018 

standard are defined. 5) To propose the perspectives for the potential implementation of the 

UEP within the UASLP. 

As result, a pilot study was carried out on the current energy situation of the UASLP, the 

main Significant Uses of Energy were identified, an Energy Baseline was defined, as well 

as some Energy Performance Indicators that serve as the basis for the recommendation of 

a plan of step-by-step action for the creation of the UEP under the continuous improvement 

cycle of the international standard ISO 50001: 2018. This step-by-step action plan consists 

of action guidelines, the identification of possible stakeholders in the Energy Management 

System, as well as their action tools (procedures, processes, formats, lists, etc.); this content 

will serve as a guide for the subsequent creation and implementation of the UEP. 

 

Keywords  

Energy Management System, Significant Energy Uses, Energy Review, Energy 

Efficiency, University Energy Program 
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Resumen  
 

El cambio climático actual está sucediendo en un espacio de tiempo muy corto, esto se 

vincula principalmente al aumento en la concentración de los Gases de Efecto Invernadero 

(GEI) como el dióxido de carbono (CO2). Según el Fondo Mundial para la Naturaleza, en 

2020 el 68% de las emisiones globales de GEI vienen de sólo diez países entre ellos 

México, contribuyendo con el 1.68%. Las principales fuentes de emisiones de los GEI en 

México son el transporte, la generación de electricidad y la industria.  

El cambio climático pone en riesgo la salud, la seguridad alimentaria y energética, así como 

el acceso al agua de millones de mexicanos. Un aspecto importante en la actualidad es que 

el consumo de energía ha aumentado drásticamente en los "edificaciones". El uso de 

energía de los edificios representa actualmente más del 40% del consumo total de energía 

primaria en los E.U.A. y la U.E. Para tener éxito en limitar el calentamiento global, el mundo 

necesita con urgencia utilizar la energía de manera eficiente, así como cambiar a fuentes 

de energía limpias para transportar, calentar o enfriar. 

Para ello el presente trabajo establece los lineamientos necesarios para la creación del 

Programa Universitario de Energía (PUEn) de la UASLP, este programa busca: promover 

las buenas prácticas en el uso de energía, la eficiencia energética, la movilidad urbana 

sostenible. Para cumplir con lo anterior se propusieron los siguientes objetivos: 1) Identificar 

el Contexto Energético de la UASLP e identificar oportunidades para mejorar su desempeño 

energético. 2) Realizar una Revisión Energética de la UASLP para llevar a cabo la 

Planificación Energética de acuerdo con Usos Significativos de Energía. 3) Determinar los 

requisitos establecidos en la norma ISO 50001:2018 necesarios para diseñar el PUEn. 4) 

Estructurar y establecer un plan de acción paso a paso, donde se definan los recursos a 

utilizar para el establecimiento de la PUEn según la norma ISO 50001: 2018. 5) Proponer 

las perspectivas para la potencial implementación de la PUEn dentro de la UASLP. 

Como resultado se realizó un estudio piloto sobre la situación energética actual de la UASLP 

se identificaron los principales Usos Significativos de la Energía, se definió una Línea Base 

Energética, así como algunos Indicadores de Desempeño Energético que sirven de base 

para la recomendación de un plan de acción paso por paso para la creación del PUEn de 

acuerdo con el ciclo de mejora continua del estándar internacional ISO 50001:2018. Este 

plan de acción paso por paso consta de lineamientos de acción, la identificación de los 

posibles actores interesados en el Sistema de Manejo de energía, así como sus 

herramientas de acción (procedimientos, procesos, formatos, listas, etc.); mismo contenido 

servirá como guía para la posterior creación e implementación del PUEn. 

 

Palabras Clave  

Sistema de Manejo de Energía, Usos Significativos de Energía, Revisión Energética, 

Eficiencia Energética, Programa Universitario de Energía  
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1  Introduction 

1.1 Background and Problem/Research Gap 

Currently, the production and use of energy for human activities (the building sector, 

production industry, food production, and transport), is the factor that mainly contributes to 

climate change and represents around 60% of all global gas emissions greenhouse effect, 

with CO2 becoming more important (United Nations, 2015). 

One aspect that has gained great relevance worldwide, is the effect that fossil fuels have on 

the environment and human health. This is because two sectors generate large emissions 

into the atmosphere: the first one is the generation of thermoelectric energy, which is highly 

dependent on coal, oil, and natural gas. The second sector with the most emissions to the 

atmosphere is transportation, most vehicles are dependent on fossil fuels and have 

emissions that are difficult to control (The Economist, 2003). CO2 is the main greenhouse 

gas, and it is emitted in the fossil energy use and production processes (IILSEN, 2004). 

Between 1970 and 2000, global CO2 emissions grew by 1.7% annually, while between 2000 

and 2025 the annual growth rate is estimated to be 1.8%. 

Global efforts so far to mitigate climate change culminated in the Paris Agreement in 2015. 

Through the agreement, 195 countries adopted the first-ever universal and legally binding, 

global climate deal. The target of the agreement (limiting the global average temperature 

rise to well below 2 °C, while aiming to limit the increase to 1.5 °C) is ambitious and cannot 

be achieved without a major overhaul of global energy production and consumption. 

The moment of transition in which we are immersed requires thinking and acting on energy 

matters from the local level, not only to transform the energy matrix based on fossil fuels, 

into a more environmentally and socially reasonable one, based on renewable energies, if 

not, as we have previously advanced, towards an alternative energy movement based on 

the citizen participation (Cotarelo Álvarez, 2015). 

In addition to its great potential to mitigate climate change, renewable energy can bring other 

benefits. If used properly, renewable energy can contribute to social and economic 

development, promote access to energy and secure energy supply, and reduce its negative 

effects on the environment and health. In most situations, it will be necessary to adopt 

policies aimed at promoting modifications to the energy system that increase the share of 

renewable energy in the energy mix. The adoption of renewable energy technologies has 

increased rapidly in recent years, and projections indicate that their percentage of use will 

increase substantially under the most ambitious mitigation scenarios (Edenhofer, Pichs-

Madruga and Sokona, 2011). 

According to (Henner and REN21, 2017), despite the growing development of renewable 

energies around the world, the contribution of renewable energies in the final total of energy 

consumption has seen only a moderate increase, only 11%, and of that 11% only 2.1% a 

fraction corresponds to the generation of solar energy. 
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It is currently recognized that the energy supply must undergo a transition from dependence 

on hydrocarbons to alternative energy sources, which implies the use of available renewable 

energy sources, such as solar energy, harnessed through the use of photovoltaic systems, 

which is clean, abundant energy and is available in most of the earth's surface. 

For the purposes of this work, one important aspect is that energy consumption has 

dramatically increased in “buildings” over the past decade due to population growth, more 

time spent indoors, increased demand for building functions and indoor environmental 

quality, and global climate change. Building energy use currently accounts for over 40% of 

total primary energy consumption in the U.S. and E.U. Nevertheless, significant energy 

savings can be achieved in buildings if they are properly designed, constructed, and 

operated (Cao, Dai and Liu, 2016). For this reason, building energy efficiency can provide 

key solutions to energy shortages, carbon emissions, and their serious threat to our living 

environment. According to (USDOE, 2015), the major areas of energy consumption in 

buildings for developed countries are heating, ventilation, and air conditioning (35% of total 

building energy; lighting 11%); major appliances (water heating, refrigerators, and freezers, 

dryers) 18% with the remaining 36% in miscellaneous areas including electronics. In each 

case, there are opportunities both for improving the performance of system components 

(e.g., improving the efficiency of lighting devices) and improving the way they are controlled 

as a part of integrated building systems (e.g., sensors that adjust light levels to occupancy 

and daylight). 

Opportunities for improved efficiency are enormous. By 2030, building energy use could be 

cut more than 20% using technologies known to be cost-effective today and by more than 

35% if research goals are met. Much higher savings are technically possible. 

 

1.2 General Objective  

To establish the guidelines for the creation of the University Energy Program (UEP), which 

will seek to promote the good practices of energy uses, energy efficiency, sustainable urban 

mobility, and the prospects for a further implementation within the UASLP. 

 

1.3 Specific Objectives 

1. To identify the UASLP Energy Context and its opportunities for improvement. 

2. To conduct an Energy Review for further Energy Planning following Significant 

Energy Uses 

3. To determine the necessary requirements established in the ISO 50001:2018 

standard to design the UEP. 

4. To structure and establish a Step-by-step action plan, where the resources, 

procedures, and tools to be used for the establishment of the UEP according to ISO 

50001:2018 standard, are defined. 

5. To propose the perspectives for the potential implementation of the UEP within the 

UASLP. 
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1.4 Scope and Structure 

The Sustainable Development Goals (SDGs) are a universal call to action to end poverty, 

protect the planet and improve the lives and prospects of people around the world. In 2015, 

all the Member States of the United Nations approved 17 Goals as part of the 2030 Agenda 

for Sustainable Development, which establishes a plan to achieve the Goals in 15 years. 

The UASLP is an active member of sustainable development and is taking part in 

implementing actions to achieve the fixed Goals by 2030. The main objective of this 

document is to reach the SGD “7: Ensure access to affordable, reliable, sustainable and 

modern energy for all” within the University Energy Program of the UASLP. The 

development experienced by the UASLP is in the last years has caused a significant 

increase in energy consumption of the facilities of university buildings, whether they are 

lighting, appliances, or air conditioning. 

In this situation, only a policy to promote energy-saving and energy management or supply 

of useful energy to the end-user perfectly planned on a local scale can keep the energy 

consumed from the Campuses in a controlled environment. In this way, it responds to the 

social demands of higher quality services, being respectful with the environment, thus 

complying with the idea of a sustainable campus. 

The UASLP is the one that can best stimulate savings energy among their Campuses, 

setting an example through the actions undertaken in this sense in the centers of 

consumption that depend on it. Given this perspective, the present work is looking forward 

to making a pilot study driven by a strategic assessment of the energy context and actual 

status within the UASLP, and with this establish the guidelines to further implementation of 

the UNIVERSITY ENERGY PROGRAM in all the University Campuses, Faculties, Institutes 

and Academic Entities of the UASLP, based on the following basic pillars: 

• Increase energy efficiency and reduce electricity costs 

• Reduce CO2 emissions related to energy consumption  

• Contribute to the UASLP to achieve the SDGs 

• Establish the guidelines that the university needs in order to implement an 

Energy Management System -EnMS- (in this work will be known as University 

Energy Program -UEP-) within all the campuses, faculties, and academic entities 

of the Autonomous University of San Luis Potosi, according to ISO 50001:2018 

standard 

• Recommendations for energy performance monitoring and continuous 

improvement of good energy practices within the UASLP. 
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2  Theoretical and conceptual framework 

2.1 Energy 

According to (EIA, 2020), energy is the ability to do work.  

Modern civilization is possible because people have learned to convert energy from one 

form to another and then use it to do work.  

Energy exists in different forms of energy: heat, light, motion, electrical, chemical, 

gravitational, etc.  

These forms of energy can be divided into two general types of energy for doing work: 

• Potential or stored energy 

• Kinetic or work energy 

Energy can be converted from one form to another. For example, the food a person eats 

contains chemical energy, and a person's body stores this energy until it uses it as kinetic 

energy in work or play. The stored chemical energy in coal or natural gas and the kinetic 

energy of water flowing in rivers can be converted into electrical energy, which in turn can 

be converted into light and heat. 

There are many different sources of energy that can be divided into two basic categories: 

• Renewable energy sources, which can be easily replenished. 

• Non-renewable energy sources that cannot be easily replenished 

Renewable and non-renewable energy sources can be used as primary energy sources to 

produce useful energy such as heat, or they can be used to produce secondary energy 

sources such as electricity and hydrogen. 

In many countries, most energy sources for doing work are nonrenewable energy sources 

(EIA, 2020): 

• Petroleum 

• Hydrocarbon gas liquids 

• Natural gas 

• Coal 

• Nuclear energy 

These energy sources are called nonrenewable because their supplies are limited to the 

amounts that we can mine or extract from the earth. On the other hand, renewable energy 

sources are naturally replenished. Day after day, the sun shines, plants grow, the wind 

blows, and rivers flow. 

The major types of sources of renewable energy are (EIA, 2020): 

• Solar energy from the sun 

• Geothermal energy from the heat inside the earth 

• Wind energy 
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• Biomass from plants 

• Hydropower from flowing water 

According to data from the “World Energy Balances” (IEA, 2020b), world primary energy 

production in 2018 increased 3.20% compared to the previous year, reaching 14,421,153 

million tons of oil equivalent (MMtoe) (Figure 1). 

The collective effort of the nations has been to reduce emissions and promote the 

sustainability of the energy sector, which caused the production of renewable energy to 

increase by 2.1% (SENER, 2020). On the other hand, the growth rates of natural gas and 

coal production decreased +3.1% and +2.2% respectively, compared to +5.0% and +3.3% 

in the previous year. 

On the other hand, crude oil production stood out with 31.58% participation; 0.33% less than 

the previous year; Furthermore, natural gas exceeded 3,000 MMtoe, and represented 

22.84% of world production. The nuclear energy component contributed 4.90% of production 

with 706.81 MMtoe, increasing 2.81% compared to 2017. 

 

Figure 1. Total Energy Supply by Fuel (IEA, 2020b). 

The global dependence on fossil fuels in the generation of electricity contributes to the 

increase in greenhouse gas (GHG) emissions and, consequently, to the increase in the 

impacts of climate change (Ibarra Sarlat, 2018). Therefore, the implementation of measures 

towards a global energy transition that does not depend on fossil fuels and that can meet 

the energy needs demanded by current economic and demographic growth is imperative for 

its implementation.  

 

2.2 Renewable / Sustainable Energy Systems 

2.2.1 Use of Energy in buildings 

Having data on energy consumption in buildings is key to understanding consumption habits 

and potential sources of savings. Specifically, having information on the average value of 
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annual energy consumption per unit area in buildings in a country or region allows one to 

compare the energy performance of a given building. 

The annual energy consumption per user in buildings worldwide in 2012 is estimated at 

4,700 kWh/user. The country with the highest energy consumption per user is Canada with 

20,000 kWh/user, while the country with the lowest consumption is India with 2,000 

kWh/user. Russia has an annual energy consumption per user of 12,500 kWh/user, Mexico 

has a slightly higher value than India, of 2,500 kWh/user (Calixto-Aguirre and Huelsz-

Lesbros, 2018). 

Two factors that can explain the different energy consumption per user are the climate and 

the level of economic development of each country. Canada and Russia are countries that 

have a very cold climate during a long winter that requires a large consumption of energy 

for heating and southern Canada and parts of Russia have hot summers that also require 

energy for cooling. An indicator of the economic development of a country is the Gross 

Domestic Product (GDP) per capita, also called Purchasing Power Parity (PPP), expressed 

in international dollars. That is, both due to its climate and its level of economic development, 

it is explained that Canada presents the highest value of energy consumption per user. 

According to data from the “World Energy Balances”, (IEA, 2020b) between 1971 and 2018, 

total final consumption (TFC) was multiplied by a factor of 2.3, reaching 9 238 Mtoe in 2018 

(see Figure 2). The share of energy consumption of most sectors has remained stable such 

as commerce and services or industry. However, energy consumption in transport has 

increased significantly, from 23% of TFC in 1971 to 29% since 2015. Notwithstanding the 

growth of the transport sector, the industry remained the largest consuming sector globally 

in 2018, with the same share as in 1971 (38%). The residential sector was third in 2018 

(21%). 

 

Figure 2. World total final energy consumption by sector (IEA, 2020b). 

With data of the (IEA, 2020a), it had been found that energy-related CO2 emissions from 

buildings have risen in recent years. Direct and indirect emissions from electricity and 
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commercial heat used in buildings rose to 10 GtCO2 in 2019, the highest level ever recorded. 

Several factors have contributed to this rise, including growing energy demand for heating 

and cooling with rising air-conditioner ownership and extreme weather events. 

As it is shown in the “2019 Global status Report for buildings and constructions”, the space 

cooling demand rose more than 33% during 2010-18 and by 5% in 2017-18, while energy 

demand for appliances in 2018 increased by 18% since 2010 and for water heating by 11% 

(Figure 3). 

 

Figure 3. Global buildings sector final energy consumption by end-use, 2010-18 (United Nations Environment 
Programme, 2019). 

Considering (SENER, 2020), in Mexico the sectors in which total final consumption is 

disaggregated are: transport, which is the most energy-intensive sector, representing 

42.58%; the industrial one, which consumed 33.38%; the residential, commercial, and public 

with 20.01%; and agriculture, with 4.03%.  

 

 

2.2.2 Mobility (Transport) 

 

According to (Kreuzer and Wilmsmeier, 2014), the transport sector is a large consumer of 

energy, representing 19% of the world's final energy consumption in 2013; and the same 

sector will account for 97% of the increase in world oil consumption between 2013 and 2030. 

The consequent implications -in terms of energy security and greenhouse gas emissions- 

of a transport sector dominated by oil, suggest that the reduction of fuel used in this sector 

is (and should be) one of the highest priorities for all countries. 

On the other hand, the International Energy Agency estimates that there is a potential for 

cost-effective technical improvement in fuel economy in new vehicles and that this 

improvement may reach 50% by 2030. This would lead to a reduction of about 500,000 

equivalent tons of oil in the use of fuel and almost 1 Giga Ton of annual reduction of CO2 

(GtCO2e) emissions. 
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Currently, the mobility of people and goods represents 20% of the total primary energy 

consumed worldwide and is for a quarter of CO2 emissions related to energy consumption. 

Oil is the main fuel used in the transport sector, its constant predominance in transport is 

based on the following reasons:  

a. it's high energy density,  

b. its competitiveness in price compared to other alternatives, and  

c. the technological lock-in  

This last reason c), refers to the dependence on inherited transport technologies and 

infrastructure and the difficulties of their replacement on a large scale (IEA, 2012).  Given 

the importance of mobility as one of the main activities that consume fossil fuels, and 

consequently, also as a source of emissions and other externalities, the region must review 

in detail its energy consumption patterns and achieve energy efficiency gains in mobility. 

In addition to the last paragraph, CEPAL in its roadmap towards energy efficiency (Kreuzer 

and Wilmsmeier, 2014) suggested that technological advances are important to improve the 

energy efficiency of mobility, but they are only part of the equation. It is very important to 

work on promoting changes towards more efficient modes of transport, aiming for a more 

holistic approach to increase efficiency in mobility throughout the system. On the other hand, 

demand management to avoid the need for mobility must be an intrinsic part of the design 

of public policies. As the mobility of people and goods extends from a local level to an 

international level and solutions become more costly, international cooperation and 

coordination of efforts are unavoidable and of mutual benefit to all the actors.  

Data of the (World Resources Institute, 2020), shows that energy consumption is by far the 

biggest source of human-caused greenhouse gas emissions, responsible for a whopping 

73% worldwide (see Figure 4). The energy sector includes transportation, electricity and 

heat, buildings, manufacturing and construction, fugitive emissions, and other fuel 

combustion. The other top sectors that produce emissions are agriculture, such as livestock 

and crop cultivation (12%); land use, land-use change, and forestry, such as deforestation 

(6.5%); industrial processes of chemicals, cement, and more (5.6%); and waste, including 

landfills and wastewater (3.2%). 

Whereas, within the energy sector according to (World Resources Institute, 2020), the 

generation of heat and electricity is responsible for most emissions (15 GtCO2e in 2016, or 

30% of total greenhouse gas emissions), followed by transportation (7.9 GtCO2e in 2016, or 

15% of total emissions) and manufacturing and construction (6.1 GtCO2e, or 12% of total 

emissions). 
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Figure 4. World Greenhouse Gas Emissions in 2014 

 

 Total of 49.4 GtCO2e taken from (World Resources Institute, 2020)
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From the perspective of climate change, transport represents a sector with particular 
relevance. In addition to being responsible for an important part of global emissions, the 
dynamics of its emissions shows it as the sector with the highest growth and the most 
accelerated. Between 1970 and 2006, global emissions from the sector grew by 130% 
(Barbero and Tornquist, 2012). As reported by (REN21, 2021), the transport sector, 
accounted for an estimated 32% of total final energy consumption and had the lowest share 
of renewables (3.3%). 
 
These are the reasons why this thesis work includes mobility -Transport- as an important 

topic because it represents a significant threat to long-term sustainable development and is 

one of the fastest-growing consumers of final energy and sources of greenhouse gas 

emissions. Moreover, transport is heavily reliant on petroleum, a limited resource that is also 

associated with geopolitical risks to the security of supply (Turton, 2005). Together, threats 

to the global environment and limited resource availability warrant a closer examination of 

possible pathways to a sustainable transport system. 

 
The present COVID-19 pandemic has had significant impacts on the transport sector and 

its use of renewable energy. The (REN21, 2021) report, showed that the transport activity 

and energy demand fell sharply in the early months of 2020 but rebounded by year’s end, 

also this activity remains the sector with the lowest share of renewables, as oil and petroleum 

products (and 0.8% nonrenewable electricity) continue to meet nearly all global transport 

energy needs (95.8%). Biofuels and renewable electricity met small shares of those needs 

(3.1% and 0.3%, respectively). Following a decade of steady growth, biofuel production 

decreased in 2020 due to the overall decline in transport energy demand, while electric car 

sales increased 41% during the year. Overall, the transport sector is not on track to meet 

global climate targets. Many countries still lack a holistic strategy for decarbonizing 

transport. Such a strategy could greatly decrease energy demand in the sector and thus 

allow for the renewable share in transport to increase (REN21, 2021). 

 

2.2.3 Equipment and Energetic systems 

 

Having data on energy consumption in buildings is key to understanding consumption habits 

and potential sources of savings. Specifically, having information, as (Calixto-Aguirre and 

Huelsz-Lesbros, 2018) showed, on the average value of annual energy consumption per 

unit area in buildings in a country or region allows one to compare the energy performance 

of a given building. 

The building sector is known as one of the biggest drivers of energy demand and 

greenhouse gas emissions in the world, due to the high dependence on electricity in this 

sector. In Mexico, as mentioned in (Lorentzen, Mcneil and CONUEE, 2019) the energy 

requirements for space heating and water heating are moderate; in contrast to the electricity 
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used for lighting, refrigeration, air conditioning, and other electrical accessories and 

equipment that are particularly important. Fortunately, there is a wide spectrum of 

opportunities to mitigate the negative effects of electricity use in buildings, through the 

energy efficiency of equipment and the building envelope, as well as smart controls and 

occupant behavior. 

Along with the beforementioned, The DGEE (Dirección General de Eficiencia Energética, 

2020) suggested that there are inappropriate uses of energy as a result of bad habits that 

cause unnecessary waste, such as:  

• lack of maintenance (poor inspection, bad settings in switches and sockets, little 

cleaning of protection elements)  

• inefficient technology (incandescent bulbs, old refrigerators, resistance hot springs 

with deteriorated insulation). 

 

These two factors (bad habits and old technology) contribute significantly to increasing the 

electricity consumption of each of the buildings. Given this, there are also good practices 

that can mean opportunities for improvement and optimization without investment or low 

investment; managing to reduce energy consumption and greater benefit for the building. 

So far, residential buildings have been relatively well studied and energy efficiency programs 

for major household equipment have a long and successful history, including in Mexico 

(Sánchez Ramos et al., 2007) (McNeil and Carreno, 2015). Electricity consumption in the 

non-residential building sector, which includes commercial and public buildings, is less well 

understood. 

 

2.2.4 Energy efficiency 

 

Energy efficiency is the most cost-effective way to reduce energy consumption. (Arróliga 

Galeano and Betanco, 2021) affirmed that Energy efficiency can be defined as the reduction 

of energy consumption, maintaining the same energy levels, without reducing comfort and 

quality of life, taking care of the environment, guaranteeing supply, and promoting 

sustainability in their use. 

In this sense, in this search for energy saving that contributes to economic and 

environmental sustainability, this work considers that universities play a relevant role as 

centers of great consumption of electrical energy, both in occupation, lighting, air 

conditioning, and equipment; They have the responsibility to make efficient use of its 

consumption. On the other hand, the implementation of energy-saving, and efficiency 

measures favor increased awareness and commitment of the university community in the 

energy management process. 
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Energy efficiency considers aspects related to energy consumption, such as occupation, 

lighting, use of equipment, insulation, heating, air conditioning, domestic hot water, and the 

use of renewable energy sources for the energy supply of buildings. For (Carretero  Peña, 

2012), energy efficiency is the proportion or other quantitative relationship between the 

result in terms of performance, services, goods or energy, and the energy input. 

The implementation of energy-saving and efficiency measures is a necessity both for 

existing buildings and for those to be built in the following years, within a sustainable 

economy scenario (Arróliga Galeano and Betanco, 2021). 

According to (Lapido Rodríguez, Gómez Sarduy and Monteagudo Yánez, 2014), achieving 

higher levels of energy efficiency can be followed in two ways:  

1. one based on better energy management with few investments, implementing an 

adequate energy management system, and 

2. the other based on improvements. technological, investing in more efficient 

equipment and systems. 

In addition, to achieve energy efficiency in a company or organization it is not enough that 

there is an energy-saving plan derived from a study or diagnosis. Energy Efficiency 

Consultancies reviewed mentioned that a management system must be in place to 

guarantee continuous improvement. Considering the above mentioned, a relevant factor in 

the promotion and subsequent success of measures to promote energy efficiency is the 

adequate consideration of the contexts of energy consumption, which presupposes surveys 

of energy uses, technologies, Energy Efficiency Label (EEL), and habits, through a 

consistent approach, before the implementation of the programs.  

Furthermore, the EEL is an informative tool (Figure 5) that allows knowing the energy 

consumption and the energy efficiency range of energy equipment, which must be contained 

in a label, the same that must be placed on the container, packaging, advertising, or body 

of the energy equipment in a visible place for -in this case- UASLP users. It may be printed 

on or attached to the appliance and should not be removed from the product until after it has 

been purchased by the UASLP (Dirección General de Eficiencia Energética, 2020). The 

UASLP will be one of the most benefited actors when purchasing equipment or appliance 

that has the energy efficiency labeling, their purchase will be guaranteed by the efficiency 

registered on the labeling and they will have the option of choosing the most efficient 

appliances.  

Labeling is based on a scale of classification by letters and colors, ranging from A and green, 

for the most efficient teams, to G and red, for less efficient teams. Although the most efficient 

appliances are the most expensive at the time of purchase, their costs are generally 

amortized before the end of their useful life, so the savings are much greater (Dirección 

General de Eficiencia Energética, 2020). 
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Figure 5. European Energy Efficiency Label 

 

The label above used here is a typical example of a Washing Machine. Adapted from (Very, 2021)  

Subsequently, there must be continuous procedures for evaluating and monitoring results, 

by management indicators and the establishment of goals. 

 

2.2.5 Renewable energy production in situ 

 

Renewable energy set a record in new power capacity in 2020 (despite the present COVID-

19 pandemic) and was the only source of electricity generation to register a net increase in 

total capacity. Investment in renewable power capacity rose for the third consecutive year, 

thus renewables remained the fastest-growing source of energy in buildings, increasing 

4.1% annually on average between 2009 and 2019. Nowadays, policies to stimulate 

renewable energy uptake in buildings remain relatively scarce, although many options exist 

to improve efficiency in new and existing buildings, expand access to electricity and 

encourage the use of renewables (REN21, 2021). 

 

Companies worldwide, like UASLP in this case, are contributing in various ways, including 

through manufacturing and production, research and development, installation, project 

financing, and energy infrastructure, as well as by procuring their energy from renewable 

sources. Despite the impacts of the COVID-19 pandemic and related recession, corporate 

sourcing of renewable electricity through power purchase agreements (PPAs) rose 18% in 

2020 (BloombergNEF, 2021). Businesses also increased their use of renewables for heat 

and transport, although to a far lesser extent. A combination of factors is contributing to the 

growing business demand for renewables across all sectors. These include environmental 
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and ethical considerations, cost savings, competitiveness, risk mitigation, and business 

coalitions and collaboration (REN21, 2021). For some companies, the drive to increase the 

use of renewable energy is part of larger environmental goals and, often, a fundamental 

element of a broader sustainability strategy (Kopnina and Blewitt, 2018). Stakeholders such 

as academics, workers, students, residents, suppliers, and shareholders increasingly expect 

Universities to play their part in climate action and to become more accountable as well as 

more publicly transparent about their sustainability practices (Coppola, Krick and Blohmke, 

2019). 

Cost savings and competitiveness are other key drivers of business demand for renewables. 

Renewable electricity in particular has become increasingly attractive commercially 

compared to new and existing fossil fuels and has been cost-competitive compared to 

nuclear power for some time (IRENA, 2021). In some cases, it can be less expensive for 

companies to source their own renewable electricity directly from suppliers or to produce it 

themselves than to buy it from the grid (Solar Power Europe, 2019). In electricity generation, 

renewables now offer more attractive cost options for at least two-thirds of the global 

population (Moore and Bullard, 2020). 

 
Risk mitigation objectives also drive companies to adopt renewables, as these energy 

sources can help reduce energy supply risks, price risks and reputational risks as 

environmental values take deeper root in a global society (RE-Source, 2020). 

Finally, according to (REN21, 2021) business demand for renewable energy is most 

common in the electricity sector, the four main categories of renewable electricity are: 
  

Self-generation 
and 

consumption 

Companies develop their own renewable energy projects and use the electricity 

generated. These installations may be – in situ- on site (for example, rooftop 

solar) or off-site (such as a wind power project built relatively near the firm’s 

facilities) (REN21, 2021). For practical reasons, this is the modality that best 

fits the UASLP. Therefore, the one here proposed by this UEP, to guide the 

university towards the goal of meeting the SDGs. 

 
Power purchase 

agreements 
(PPAs) 

Companies sign long-term contracts (typically 10 years) with an independent 

power producer or utility that commits them to procure a specific amount of 

renewable energy at a fixed price for a specified duration. Virtual PPAs are 

more popular in larger markets due to their flexibility, as buyers and sellers do 

not need to be connected to the same grid provider. 

One advantage that corporate PPAs offer is “aggregation”, where smaller 

purchasing companies form a consortium and aggregate their demand to 

secure more competitively priced deals and reduce financial risk (World 

Business Council for Sustainable Development (WBCSD), 2021). 

 
Utility green 

procurement 
Companies buy renewable electricity through green premium products (green 

label certified and priced) or bespoke contract arrangements, such as green 

tariffs (special rates). Energy utilities offer both options, allowing their business 

customers to buy renewable energy directly through billing and without 

requiring a long-term contractual commitment. However, the trade-off is a less 
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competitive price than that offered by PPAs (US Environmental Protection 

Agency (EPA), 2021b). 

 
Environmental 

attribute 
certificates 

(EACs) 

Companies purchase EACs from energy suppliers or brokers, effectively buying 
ownership rights to a specified amount of renewable electricity. The certificates 

are primarily “unbundled”, meaning that they are bought and sold separately 

from the associated electricity generated (US Environmental Protection Agency 
(EPA), 2021a). 
 
 

2.3 UN Sustainable Development Goals 

A sustainable future means a balance of the needs of environmental, social, and economic 

systems, where organizations play a relevant role to achieve the objectives and goals of 

each one. The SDGs are integrated, as they recognize that interventions in one area will 

affect the results of others, meaning that the success of one affects the others. 

The Sustainable Development Goals (SDGs) are an opportunity and a call for countries and 

their societies to embark on a new path that improves the lives of all, leaving no one behind. 

The 17 SDGs are found in the 2030 Agenda on Sustainable Development, which seeks to 

be the way to achieve a sustainable future (Figure 6). 

 

 

 

Figure 6. UN Sustainable Development Goals 2015. 
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The energy sector is one of the most essential sectors for national development (UN, 2015). 

Access to affordable, clean, and modern energy sources is important to enable many other 

basic amenities and services: to power hospitals to operate medical equipment and store 

vaccines at the required temperatures; to light houses, to enable children to study to achieve 

quality education; and to facilitate the development of digital infrastructure and 

communication technologies, to name a few. 

For practical purposes, this research will focus on SDG 7 “Affordable and clean energy”. 

SDG 7 sets out three key targets and two additional targets for resource mobilization and 

policy to be achieved by 2030. The five key targets are: 

• 7.1. Ensure universal access to affordable, reliable, and modern energy services. 

• 7.2. Increase substantially the share of renewable energy in the global energy mix. 

• 7.3. Double the global rate of improvement in energy efficiency. 

The resource mobilization and policy-related targets are to: 

• 7.a. Enhance international cooperation to facilitate access to clean energy research 

and technology, including renewable energy, energy efficiency, and advanced and 

cleaner fossil-fuel technology, and promote investment in energy infrastructure and 

clean energy technology. 

• 7.b. Expand infrastructure and upgrade technology for supplying modern and 

sustainable energy services for all in developing countries under their respective 

programs of support. 

Therefore, the integration of an Energy Management System, in this case, the "University 

Energy Program" to the normal practice of operations within the UASLP represents an 

opportunity and an action to achieve the goals of the aforementioned SDG. 

 

2.4 Energy Management Systems (EnMS) 

 

The emergence of the EnMS is part of the process that took place in the international arena 

from the seventies, which was characterized by an energy crisis, in such a way that the 

EnMS emerged as an essential tool that has promoted energy performance worldwide 

(Cortez, Hernández and Martell, 2018).  

(Walter Kahlenborn et al., 2015) mentioned that an EnMS systematically records energy flux 

and serves primarily as a basis for investments to improve energy efficiency. A functioning 

EnMS helps a company to meet the commitments made in its energy policy and to 

continuously and systematically improve its energy-related performance. 

An EnMS comprises all the elements of an organization that is necessary for the creation of 

an energy policy and the definition and achievement of strategic goals. It thus encompasses 

the organizational and information structures, including resources, necessary for the 

implementation of energy management. It formulates and implements the energy policy 

(including strategic and operational objectives and action plan), planning, implementation, 
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and operation, monitoring and measurement, control and correction, internal audits, and 

periodic management review (see Figure 7). 

 

Figure 7. The most important aspects of an EnMS (Walter Kahlenborn et al., 2015) 

For the above mentioned, implementation of an energy management system with the 

creation of the UEP, the UASLP will have the following advantages: 

1. Cost reduction 

2. Environmental protection 

3. Sustainable management 

4. Improvement of public image 

5. Use of financial incentives 

6. Projection of climate policies 

7. Reduction of CO2 footprint  

 

Finally, an EnMS can be defined as a methodology to achieve a culture of sustained and 

continuous improvement of energy performance in organizations cost-effectively (Flores 

Díaz and Jáuregui Nares, 2020). The improvement requires the interaction and contribution 

of each of the requirements expressed within the international standard ISO 50001: 2018 

and its national counterpart in Mexico, the Mexican Norm “NMX-J-SAA-50001-ANCE-IMNC-

2019”. 

On the other hand, management comprises a series of activities that allow generating 

organizational changes, both in structure and in some processes and procedures. Its 

incorporation also implies changes in the way of thinking and acting of those people who 
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are directly related to the management of energy-consuming processes (World Energy 

Council, 2004). 

The parameters obtained from energy management allow the application of the international 

standard ISO 50001, which has to do with energy management systems, since this standard 

is intended to reduce greenhouse gas emissions, of the costs and consumption of energy 

and other related environmental impacts, in this sense the implementation of the indicators 

implies a continuous improvement in these aspects established in the standard. (Pinzón C 

et al., 2014) 

 

2.4.1 ISO 50001:2018 standard 

The standard was developed by the ISO TC 301 Technical Committee. Energy management 

and saving, with the participation of specialists from 67 countries, derived from a UNIDO 

initiative in 2007, to advance global change mitigation strategies climate by standardizing 

energy efficiency and energy management standards existing in different parts of the world. 

ISO in its technical committee published the first version in 2011, that now is replaced by 

the 2018 version, this version shares structure, terms, and definitions (high-level structure, 

HLS) with other management system standards, which facilitates its integration and 

concentration of particular efforts in energy performance for the case of 50001, where the 

HLS functions as a unifying element. This is useful for organizations that operate with a 

single management system or known as an Integrated Management System (see Figure 8). 

 

 

Figure 8. HLS Structure and Management System Standards, adapted from (Flores Díaz and Jáuregui Nares, 
2020). 
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ISO 50001 can be used by companies in all sectors and sizes. An EnMS that is based on 

ISO 50001 can be implemented irrespective of existing management systems or can be 

integrated into the ones already in place. ISO 50001 was designed in such a way that it can 

be combined with other management systems, primarily those concerning quality and 

environmental management (Walter Kahlenborn et al., 2015).  

As with ISO 9001 or ISO 14001 and EMAS, it is based on the Plan-Do-Check-Act cycle 

(PDCA). Accordingly, the various management systems can be easily consolidated, or the 

company has the option of conforming to the existing management system to develop a 

management system in accordance with ISO 50001. 

The ISO 9001 standard series is mainly a standard for Quality Management Systems (QMS). 

It is likewise possible to integrate an Environmental Management System (EMS) or security 

management system into a QMS. The ISO 14001 standard primarily concentrates on 

developing and upgrading a functioning EMS within an organization. It is thus assumed that 

an active EMS improves the environmentally friendly character of a company. In various 

areas, EMAS goes much further than ISO 14001. In EMAS, the environmental management 

system functions to ensure, by means of organizational measures, that the environmental 

performance is always fully optimized.  

The standards for management systems should not be observed in isolation: The structure 

of the environmental management standard ISO 14000 complies with the structure of the 

quality management standard ISO 9000. ISO 14001 served as the basis for EMAS and is a 

part of it. The structure of the ISO 50001:2011 international energy management standard 

is heavily based on the ISO 14001:2009 standard (Walter Kahlenborn et al., 2015). 

To better picture where does the Management System Standards apply, below are shown 

the Standards that make up the Integrated Management System with HLS structure: 

 

ISO 9001:2015 Quality management systems 

ISO 14001:2015 Environmental management systems 

ISO 20121:2012  Event sustainability management systems 

ISO 21001:2018  Educational organizations 

ISO 22000:2018 Food safety management systems 

ISO 30301:2019 Information and documentation 

ISO 41001:2018 Facility management 

ISO 45001:2018 Occupational health and safety management systems 

ISO 50001:2018 Energy management systems 
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These standards work under the HLS structure, and it comprises: 

1. Reach 

2. Normative references 

3. Terms and definitions 

4. Context of the organization 

5. Leadership 

6. Planning 

7. Support 

8. Operation 

9. Performance evaluation 

10. Improvement 

Clauses 1 to 3 provide a background to the standard, and it is not until clause 4 that the 

requirements of that standard are established. While clauses 4 to 10 are common to all 

management system standards, ISO 50001 specifically relates to energy issues. Therefore, 

some processes need to be established, implemented, and maintained, such as an energy 

policy and conducting an exclusive energy review of ISO 50001 (Fletcher, 2018). 

The EnMS based on ISO 50001: 2018 is based on the continuous improvement framework 

(Table  1) “plan-do-check-act” (PDCA); the elements or requirements of the management 

system are organized around functional activities and incorporate energy management into 

existing organizational practices (Figure 9). 

 

Figure 9. Continuous Improvement Cycle ISO 50001:2018 
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Table  1. The continuous improvement cycle and the requirements of ISO 50001: 2018 

Plan 

Understand the context of 

the organization, establish 

the energy policy and 

energy management team, 

consider actions to address 

risks and opportunities, 

conduct an energy review, 

identify Significant Energy 

Uses (SEnU) and establish 

Energy Performance 

Indicators (EnPIs), Energy 

Base Lines (EnBLs), Energy 

goals and objectives, and 

the action plans necessary 

to deliver the results that will 

improve energy 

performance, under the 

energy policy of the 

organization. 

4. Context of the 

organization 

5. Leadership 

6. Planning 

4.1. Understanding of the organization 

and its context 

4.2. Understanding the needs and 

expectations of stakeholders 

4.3. Determination of the scope of the 

energy management system 

4.4. Energy management system 

5.1. Leadership and commitment 

5.2. Energetic politics 

5.3. Roles, responsibilities, and 

authorities in the organization 

6.1. Actions to address risks and 

opportunities 

6.2. Objectives, energy goals, and 

planning to achieve them 

6.3. Energy review 

6.4. Energy performance indicators 

6.5. Energy baseline 

6.6. Planning for energy data collection 

Do 

Implement action plans, 

operational and 

maintenance controls, 

communication, ensure 

competition, and consider 

energy performance in 

design and procurement. 

7. Support 

8. Operation  

7.1. Resources 

7.2. Competence 

7.3. Awareness 

7.4. Communication 

7.5. Documented information 

8.1. Planning and operational control 

8.2. Design 

8.3. Acquisition  

Verify 

Monitor, measure, analyze, 

evaluate, audit, and direct 

reviews by energy 

performance management 

and the EnMS. 

9. Performance 

evaluation  

9.1. Monitoring, measurement, 

analysis, and evaluation of energy 

performance and the EnMS 

9.2. Internal audit 

9.3. Management review 

Act 

Take action to address 

nonconformities, and 

continually improve energy 

performance and EnMS. 

10. Improvement  

10.1. Non-conformity and corrective 

action 

10.2. Continuous improvement  
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2.4.2 Campus EnMS Success cases 

 

2.4.2.1 UNSW, Sydney  

UNSW Sydney is an education and research-intensive university, delivering outstanding 

teaching alongside cutting-edge research. Environmental sustainability is a key element of 

its 2025 Strategy. Through this and its sustainability plan (UNSW, 2019), its mission is to 

become the first university in Australia to commit to having 100% of its electricity supplied 

by photovoltaic solar power. The students and staff are actively engaged in environmental 

and social issues. UNSW recognizes that they are uniquely positioned to contribute to 

solving global environmental challenges through teaching, research, thought leadership, 

and demonstrating leading practices on our campuses. UNSW is committed to continuously 

improving environmental performance across university operations – from the way they plan, 

construct, operate and power its buildings, reduce and manage waste, make purchasing 

decisions, and travel to and around their campuses. Through our learning and teaching 

programs, UNSW educates students about environmental issues and equips them to 

understand and solve global challenges.  

Within the ENVIRONMENTAL SUSTAINABILITY PLAN 2019-21 (UNSW, 2019), Initial 

analysis shows that more than 50% of the emissions are indirect emissions associated with 

purchased goods and services, travel, and other activities. The UNSW will develop a 

complete inventory of direct and indirect emissions and develop a long-term pathway to zero 

emissions – aligned with the Paris Agreement's commitment of limiting global warming to 

1.5°C.  

The activities in each focus area of the Plan contribute to reducing greenhouse gas 

emissions.  

Sustainability in Action Commitments  

• Transition to renewable energy and reduce net GHG emissions to zero.  

• Ensure our campuses and operations are resilient to future climate risks. 

• Reduce net emissions from building energy use to zero by 2020.  

• Expand onsite solar energy generation to 1.2MWp by 2022.  

Activities  

• Develop an emissions inventory and strategy to achieve net-zero emissions.  

• Evaluate carbon pricing mechanisms. 

• Purchase 100% renewable electricity by 2020.  

• Develop a Climate Adaptation and Resilience Plan.  

Furthermore, UNSW signed a 15-year solar energy Power Purchase Agreement in 2018 

that will provide the University with 100% renewable electricity by 2020. By 2018, it 

expanded onsite solar PV generation capacity to almost 800kW – enough to power 160 

homes (UNSW, 2019). 
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2.4.2.2 Stanford University 

 

In addition to teaching, research, and public service in the field of sustainability Stanford 

University is committed to practicing sustainability in its operations and is making significant 

transformations of the campus toward that goal.  The Stanford Energy System Innovations 

program is but one example and will provide the university an efficient, economic, and 

sustainable energy system for the 21st century (Standford University, 2014). 

According to (Standford University, 2014) Stanford has completed the conceptual design of 

a 5.8MW of on‐campus photovoltaic (PV) power generation system with solar panels on 

over a dozen major buildings and the largest parking garage on campus.  A system this size 

is capable of supplying about 3% of the university’s total electricity and would meet about 

20% of campus load at times of peak daily demand.  Stanford is also exploring much larger 

scale off‐campus renewable electricity generation as part of its grid electricity sourcing effort 

as described in its report (Standford University, 2014). Both the on‐ and off‐campus 

renewable power generation opportunities will be considered as Stanford finalizes the 

composition of its power portfolio to begin April 1, 2015, when the cogeneration plant is 

decommissioned. 

Stanford has begun electrification of the Marguerite bus fleet and campus small vehicle 

fleets and the number of commuters using PEVs is also growing steadily.  To support the 

adaption of electric vehicles Stanford is in the process of designing a campus-wide plug-in 

electric vehicle charging system for use by both commuters and university vehicles.  The 

total estimated electricity use from a fully electrified campus fleet plus 5% to 10% of 

commuter vehicles is about equal to the electricity that will be generated from the new 

photovoltaic power generating system to be installed on the campus.  Installation of the PEV 

charging system is expected to begin in the spring of 2015. 
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2.4.2.3 University of Calabria  

 

The campus of the University of Calabria holds the distinction of being one of the greenest 

and most sustainable universities in all of Italy, thanks to energy-saving interventions carried 

out.  

“The replacement of approximately 33,000 lighting bodies with LED system has rendered 

this Calabrian university more virtuous from an energy-saving point of view” (Racconti di 

Calabria, 2014). 

Regarding this aspect, the University has carried out a whole renovation of its indoor artificial 

lighting system to pursue the dual objective of reducing the University's energy consumption, 

with the consequent reduction of CO2 emissions into the atmosphere, and of upgrading the 

lighting system of the internal areas, which was very often obsolete and, in some cases, not 

capable of meeting minimum lighting requirements established by current regulations. This 

intervention provided for the replacement of the lighting bodies located inside the premises 

of the University of Calabria, such as classrooms, studies, laboratories, Aula Magna, 

Libraries, Administration, Secretariat, multipurpose rooms, toilets, and transit areas. 

Approximately 33,000 LED lighting fixtures allow a considerable energy consumption 

reduction. The improvement features related to the adoption of LED lamps affect all aspects 

inherent to using light sources, such as savings of about 93% compared to incandescent 

lamps; 90% savings compared to halogen lamps, 70% reduction compared to metal halide 

lamps, and 66% compared to fluorescent lamps. In addition to the considerable drop in the 

University’s energy consumption and the consequent reduction in CO2 emissions, the 

energy budget has decreased by about 40% (Racconti di Calabria, 2014). Furthermore, 

thanks to a software platform, created within the project, the new lighting system can be 

linked to brightness dimmers and control systems to program switching on the lighting 

bodies at any given time of the day and to regulate the luminous flux vis à vis the presence 

of external light. A solution that makes the new system even more virtuous in terms of 

efficiency and sustainability, shown by an average of 60% energy savings produced. The 

system allows monitoring all lighting while considering natural light: the intervention involved, 

in fact, not only the replacement of the old lighting bodies but also the installation of highly 

innovative sensors, which allow the new LED lamps to turn on and to switch off automatically 

if no presence is detected (Racconti di Calabria, 2014).  



Chapter 3: METHODOLOGY 

 

 

 37 

3  Methodology 

 

The methodology used for the creation of the UEP is based on the requirements for the 

implementation of EnMS from ISO 50001: 2018. Therefore, a methodology integrated by 4 

stages (Table  2) is proposed, to carry out the design and implementation of an EnMS in the 

context of the continuous improvement cycle Plan-Do-Check-Act (PDCA).  

 

For practical purposes, the scope of this methodology is limited only until the planning and 

the energy review at the UASLP (highlighted in bold letters in the Plan section of Table  2). 

Since this is a pilot study, which is based on knowing the past and current energy situation 

of the UASLP, there are still no internal regulations that regulate the monitoring, operation, 

and evaluation of current energy consumption within the university. If more data on 

consumption, current regulations, and technical support were available at the time of this 

work, the present analysis would cover (depending on the time for its completion), all the 

aspects mentioned in Table 2 below. 

 

The remaining part of the continuous cycle of Do-Check-Act steps, due to the information 

limitations, this work will only make the pilot guidelines as a recommendation in perspective 

for when the UEP is implemented in the UASLP. 

 
Table  2. Steps for the design and implementation of an EnMS (ISO 50001:2018) 

Plan  UASLP Context 

Leadership  

Planning: Energy Review  

Do Support  

Operation 

Check  Perform Evaluation 

Act  Improvement  

 

As stated in the manual of (Flores Díaz, Escobar Pineda and Espinosa Flores, 2016) to 

better understand the abovementioned stages.  

• PLAN: Refers to the activities associated with conducting the energy performance 

diagnosis and establishing the baseline, energy performance indicators (EnPI), 

objectives, goals, and action plans necessary to achieve the results that seek to 

improve energy performance under the UASLP energy policy (still yet non-existent, 

for this reason, the creation of this UEP is proposed). 

• DO: Consider activities related to the implementation of UEP action plans. 

• CHECK: It consists of monitoring and measuring the processes and key 

characteristics of the operations that determine energy performance concerning 

energy policies and objectives, reporting the results achieved. 

• ACT: It involves taking actions to continuously improve energy performance and the 

EnMS. 



Chapter 3: METHODOLOGY 

 

 

 38 

3.1 Data needs 

 

3.1.1 Identify the current Scenario (UASLP Context) 

To determine the strategic issues that may affect the UASLP's ability to improve its energy 

performance and achieve the UEP's intended results, information is needed on the 

organization's strategic goals and challenges. This information may already have been 

identified as part of the organization's long-term or strategic planning process. It is desirable 

to have the participation of the Rectory in determining the relevant issues, not only to speed 

up the process but also to show the Rectory that the UEP considers the strategic problems 

facing the organization. However, it is unusual for the Rectory to participate in this process 

and will be usual for the Agenda Ambiental through the Energy Commission to develop this 

information on its own. In this case, the information must be presented to the high direction 

of UASLP for review and input. This approach assumes that the Energy Commission will 

have access to relevant information about the strategic direction, objectives, and challenges 

of the UASLP (USDOE, 2021). 

Therefore, in this case, the "Literature Research" method is used to identify the current 

UASLP scenario and is best described in the next subtopic 3.2.1. This information will be 

collected in Chapter 4.3 of this document as the identification of the current scenario of the 

study case. 

For the ISO 50001, identifying the stakeholders relevant to UEP’s energy performance 

complements the high-level strategic understanding of the UASLP context. Identifying 

stakeholders and their requirements are best done by taking advantage of the multiple 

organizational perspectives represented by Agenda Ambiental through the Energy 

Commission. The Energy Commission will help ensure that a comprehensive approach has 

been taken and that the identified stakeholders are truly relevant to UASLP’s energy 

performance and UEP. Since the Energy Commission has not yet been established properly 

within the UASLP, an individual can complete this task (my person in this case), and the 

results can be reviewed when the Energy Commission is formed or during the next annual 

UEP review. This “Stakeholders Analysis” methodology will be better explained in the next 

subtopic 3.2.2. 

 

3.1.2 Planning process (Energy Review) 

 
The Planning process provides an overview of the energy consumption and efficiency levels 

of the UASLP, essentials to create a UEP under the international standard ISO 50001. It is 

necessary to understand how, where, when, and why the UASLP consumes energy, and for 

this, it is necessary to analyze at a strategic and tactical level the behavior of the flow of the 

types of energy that the UASLP uses for its daily activities. 

At the strategic level, understanding behavior is intertwined with internal and external 

stakeholder issues, who have needs and expectations regarding EnMS and energy 
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performance. Thus, risks and opportunities can be identified to establish actions to eliminate, 

mitigate or respond to various situations (Flores Díaz and Jáuregui Nares, 2020). 

At a tactical level, the main topic is the methodology and criteria for conducting the energy 

review, which requires reliable energy data to formulate consumption prospects, identify 

opportunities for improvement, and establish energy goals and objectives. For this, it will be 

necessary to establish and monitor energy performance indicators and energy baselines, 

which should be directly related to significant energy uses, as well as to the energy data 

collection plan. 

The planning process is illustrated in Figure 10 with the strategic and tactical levels: 

 

Figure 10. Energy review within the planning process (CONUEE, 2020) 

 

The energy review for the UEP focuses on the concept of energy performance, which 

considers energy consumption levels (the amounts of different energy used), energy 

efficiency (the relation of use of the types of energy), and the uses that are given to energy 

(the use of energy in production processes or provision of services). 

Carrying out the energy performance study requires reliable and clear information on how, 

when, and where energy is used. The collection and monitoring of this information are 

necessary to correctly establish energy performance indicators and energy baselines since 

through these the continuous improvement of energy performance is demonstrated, as 

illustrated in Figure 11. 
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The energy performance study can be carried out as part of the UASLP's procedures. In this 

case of limited resources, the information is obtained from energy receipts, surveys, and 

inventories of equipment (better explained in the next subtopic 3.2) that consumes energy 

within the scope and limits of the EnMS. 

 

Figure 11. Energy review within the planning process 

 

To better understand the concepts stated in the previous Figure 11 and according to the ISO 

50001 terms, the Significant Energy Uses (SEnU) are determined and selected by this work 

and constitute a key aspect within the UEP as they are the priority within the energy 

management, for the purposes of this work the two SEnU are Electricity consumption within 

the UASLP and transportation-related with the UASLP activities.  

 

The Energy performance indicators (EnPIs) are quantifiable values of the entire UASLP or 

some parts of it; They are selected to understand, monitor, measure, and analyze their 

energy performance before, during, and after the implementation of the UEP and other 

actions related to energy management. Due to the limited information, the EnPIs selected 

for this work were selected as questions within the survey that will be carried out with the 

UASLP community, these indicators are Artificial Lightning, Electrical Appliances, and 

Transportation (Table  3). These ENPIs will be described and quantified in the Results and 

Discussion section. 
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Table  3. Energy Performance Indicators (EnPIs) 

Energy Uses  EnPI Units 

Electrical 

Devices 

Connected appliances  Number/work area 

Type of appliances  Number per type/work area 

Appliances' hours of use  Hours of usage/day  

Appliances' days of use  Days of usage/week 

Energy Efficient Appliances 
Usage percentage % (respect of the total of 

appliances) 

Artificial 

Lighting 

How many bulbs or lamps  Number/work area  

Type of bulbs or lamps  Number per type/work area 

Bulbs or lamps' hours of use  Hours of usage/day  

Bulbs or lamps' days of use  Days of usage/week 

Transportation 

Time used in transportation Hours/day 

Days of transportation  Days/week 

Means of transportation  Name of resource 

Travels per year  Number/Distance (km)/year 

Travel means per year  Name/ Distance (km)/year 

Estimate of travel hours  Hours/year 

Transport services 

Number of Vehicles per Entity 

Number of Passengers per service 

Number of roundtrips per day  

Cars at the UASLP daily Number of cars entering per day 

Motorcycles at the UASLP daily Number of Motorcycles entering per day 

Zero-Emission Vehicles (ZEV) Average number on campus per day 

Consumption 

Annual UASLP consumption kWh/year  

Annual Energy Expenses $ MXN  

CO2 Annual Emissions  tCO2e 

 

The quantitative reference with which the level of consumption and efficiency of energy uses 

of an organization is compared is called the energy baseline (EnBL). The data to establish 

the first EnBL are taken from the energy review and in the case of this work, it will be 

calculated with the consumption data (Table  3) of a previous period and an average of 

several periods for the years 2019 and 2020. 

 

Summarizing, the Data Collection Plan will be obtained from CFE electricity receipts, 

“Energy Habits” survey, and inventories of equipment use, these data will be used as a 

framework to establish the selection criteria of the SEnU, EnPIs, and EnBL. 
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3.2 Data acquisition 

 

3.2.1 Literature research 

 

The bibliographic review is applied to this research topic to determine its relevance and 

importance and to ensure the originality of the research. In addition, it allows other 

researchers to consult the bibliographic sources cited, being able to understand and 

continue with the work carried out (Gómez-Luna et al., 2014). First, the definition of the 

problem must be sufficiently clear to be able to carry out a bibliographic search that responds 

to the needs of the researcher, and that also contributes to the state of the art, so that it 

leads to a broad scenario and allows feedback on the research. 

The proposed methodology is made up of three phases: 

1) Information search: For the bibliographic research process, informational material 

such as books, popular science magazines or scientific research, Web sites and 

other information necessary to start the search must be available. 

2) Organization of information: This phase is of great importance in any research 

project, it consists of systematically organizing the documentation found. It can be 

done both in a basic or detailed way. Initially, the information can be arranged in 

folders or spreadsheets developed by the researcher himself manually, however, the 

process is slow and poor; Another way to do it is by using special programs (Rivera 

and García Rojo, 2003).  

For the case of this research, Mendeley Desktop will be used, Mendeley Desktop is a 

document manager of scientific information. The advantages are in its intuitive use, 

document management, ease of import and export, and document sharing in private and 

public groups, supporting research work in the scientific social network. 

3) Analysis of the information: The third phase is to analyze the information already 

organized, inquiring about which are the most useful documents for the subject under 

study. Information analysis is the task that takes the most time in bibliographic 

research, since with it the hopes to identify the contribution to be made. In this phase, 

you must have critical thinking and should be done in parallel with the first, since it is 

a constant process. It is a cycle where the ideas are raised in the formulation of the 

problem and if the problem is well known, the solution will be within reach (Gómez-

Luna et al., 2014). 
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3.2.2 Stakeholder Analysis 

 

For (USDOE, 2021), a stakeholder is "a person or organization that can affect, be affected 

by, or perceive itself as affected by a decision or activity." In this case, we are interested in 

decisions or activities related to energy performance and the EnMS of your organization. A 

stakeholder who "perceives" himself as affected by such decisions or activities should report 

this to his organization. 

In public policy making the actors and their behaviors represent the core of any possible 

theoretical model. The actors are those individuals or organizations that make the actions 

able to influence the decisional outcomes and that do it because they pursue goals regarding 

the problem and its possible solution, or their relations with other actors (Dente, 2014). In 

particular, any actor having a vested interest in the decision process, either directly affecting 

or being affected by its resolution, including experts and the public, is named stakeholder. 

Stakeholders have access to and can mobilize different types of resources (i.e. political, 

economic, legal, and cognitive resources), they can be grouped into different categories (i.e. 

political actors, bureaucratic actors, special interests, general interests, and experts) and 

they can have different roles (i.e. promoter, director opposer, ally, mediator, gatekeeper, and 

filter) (Dente, 2014).  

These analytical categories are needed to simplify the analysis, as they supply useful 

guidelines to interpret (and forecast) stakeholders’ behaviors. The final aim of the analysis 

is to develop a strategic view of the human and institutional landscape, the relationships 

between the different stakeholders, and the issues they care about most (Ferretti, 2016).  

To this end, various stakeholders mapping techniques exist, nevertheless the one used in 

this work is a Stakeholder Mapping “Net-Map” that is a participatory tool to render social 

network graphs and at the same time foster discussions among participants about their 

situation. The visual bits help understand the complex nature of relationships between 

actors, their interests, and the influences of diverse stakeholders, that determine the 

outcome (The World Bank Group, 2016). To prepare the Stakeholder Mapping "Net-Map" 

the free online platform "Kumu" will be used. This is a platform to create digital maps by 

hand or it also has the possibility of importing existing data; For this work, the option of 

creating maps by hand from the Stakeholders matrix will be used. 

By grouping stakeholders, this work, and Agenda Ambiental can thus produce a better 

picture of how communication and relationships between stakeholders can affect the UEP 

and its implementation. Identifying and studying the stakeholders involved in a decision 

problem is particularly important in the domain of decision making since key representatives 

can then be invited to participate in brainstorming sessions where cognitive mapping 

techniques can be used to identify and discuss the objectives to be pursued with a more 

systemic and interdisciplinary approach (Ferretti, 2016). Collaborative decision processes 

can thus help to tackle this challenge. The existence of a plurality of points of view allows us 

to imagine different possible approaches to the problem, different intervention methods, and 

different decisional procedures (Ferretti, 2016).  
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3.2.3 UASLP community survey 

 

Within the production of statistics, surveys play a very important role. These surveys are 

measurements at a specific time, so it cannot be established that their results are accurate 

indicators of what will happen months later (Lastra, 2000). 

This thesis work will use the probabilistic survey, which aims to study the methods to select 

and observe a part that is considered representative of the population, called a sample, to 

make inferences about the total. Specifically, stratified sampling will be used where a 

population is divided into several subpopulations called strata (Lastra, 2000), for this case 

the total population will be the entire UASLP community, and the strata into which it will be 

divided will be: Students, Academic staff or teachers, and Administrative Staff. The 

stratification criterion is to form homogeneous groups within each one and heterogeneous 

among them. The survey will be distributed to all the campuses and academic units along 

with the State of San Luis Potosí, via e-mail, through UASLP distribution lists with the help 

of the communication department of the Agenda Ambiental.  

The intention of the survey is not to describe in a particular way the individuals who were 

part of the sample, but to obtain a statistical profile of the population (Lastra, 2000). For this, 

it relies on a set of probabilistic assumptions about the behavior of the population variables 

(UASLP Community). 

The information is collected in a standardized way utilizing a survey (identical instructions 

for all subjects, identical formulation of the questions, etc.), which enables intragroup 

comparisons to be made. In the survey, you can find different types of questions depending 

on the answer, nature, content, and function. The questions can be classified into (Casas 

Anguita, Repullo Labrador Donado Campos and Casas Anguita, 2003): 

1. Closed. Closed questions (also called pre-coded or fixed response) are those in which 

the respondent, to reflect his opinion or personal situation, must choose between two 

options: "yes-no", "true-false", "agree-in disagree”, and so on. Their advantage is their 

easy response and coding; however, the information they offer is limited. 

 

2. Multiple choice. These types of questions can be of three types: 

• Range of responses, when the respondent is offered a series of response options, 

which must be exhaustive and mutually exclusive. 

• Range of responses with an open item. This type of question is appropriate when it 

is not certain that it is exhaustive, and the possibility is left to the respondent to add 

options not contemplated in the answer alternatives offered. 

• Estimation questions. In this case, responses graded in intensity on the desired 

information point are offered as alternatives. 

 

3. Open. Open questions are considered when the respondent is given the freedom to 

answer in their own words. This type of question is indicated in exploratory studies and 
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when the level of information that respondents have is unknown. They have the 

advantage of providing a lot of information and a maximum of freedom to the 

respondent; However, the coding of the answers can pose certain difficulties and 

requires a greater effort from the respondent to answer them. 

For the determination of SEnU, a survey was chosen out to gather opinions from the 

members of the UASLP, responsible for the process and maintenance on specific 

anecdotes, lessons learned, good practices in the main energy-consuming systems, air 

conditioning, lighting, or refrigeration, among others. 

The questionnaire survey is the most common and useful method to analyze occupancy and 

occupant behavior in residential buildings. The repartition in sections can be dictated by the 

aim of collecting information about physical, and behavioral variables (De Simone and 

Fajilla, 2019). Physical parameters allow defining the energy consumption context, the 

workspace typology, the heating/cooling systems, and equipment. To integrate the UASLP 

community behavior in energy calculation, there is a need to have hourly presence 

schedules for each group of rooms with similar activity types and systems usage schedules 

(De Simone and Fajilla, 2019). In particular, UASLP community profiles can be defined by 

considering how people occupy the building, use the systems, and how they interact with 

devices (windows, blinds, lighting, and appliances).  

Building’s energy consumption will be also investigated regarding occupancy categories and 

correlations. Hourly profiling will be detailed at room level and by splitting the analysis into 

weekdays and weekends. 

  

 

3.2.4 UASLP Energy Consumptions and Inventory of energy equipment 

 

For the ISO 50001, evaluating energy performance requires reliable information and clarity 

on how, when, and where energy is being used. The collection and monitoring of this 

information are necessary for the establishment of the EnBLs and energy management. The 

level of depth with which energy data collection can be carried out is directly related to the 

technological capacity to measure or estimate the energy consumption of energy uses. If 

there is no direct measurement of the energy consumption of equipment or facilities, it is 

possible to estimate it based on design and operation information. 

The data must be appropriate as it will be used to establish energy objectives and targets. 

According to (Flores Díaz, Escobar Pineda and Espinosa Flores, 2016), it is advisable to 

consider the steps described below: 

• a) Determine the appropriate level of detail: Due to the practical terms of this 

research and due to the lack of energy data in this regard, it will have opted for the 

specific collection (equipment) with direct measurements and an analysis of energy 

service bills. The measurement can be as detailed as the UASLP requires, but it is 
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important to establish criteria to ensure that the resources are correctly invested and 

that an excess of information is not generated that will not be analyzed, or that was 

not strictly necessary. 

It is also important to take care that if those estimations are made, they correspond to energy 

consumption and analyze if such. Sometimes it is necessary to have specific 

measurements. 

• b) Identify documents of energy use and consumption: For the energy sources 

identified above, energy utility bills, meter readings, and other usage and 

consumption data can be collected. It is recommended to use the most recent data 

available. 

• c) Account for all energy sources (energy matrix): An inventory of all energy 

consumers purchased, received, and generated on-site (electricity, gas, residual 

fuels, by-products) with their respective energy units (kWh, kJ, MMBTU) and 

homologation of units. 

The energy data collection can be done in a simple format, where the different energy 

consumers are identified with their corresponding units in each period of time. 

 

3.3 Data analysis 

3.3.1 Descriptive analysis process 

 

Through this type of descriptive research, which uses the analysis method, it will be possible 

to characterize the current energy situation of the UASLP, in addition to pointing out its 

characteristics and properties. Combined with certain classification criteria based on EnMS 

ISO50001: 2018, it serves to order, group, or systematize the actions involved in the 

investigative work. 

Regarding the research that this document has described above, it can serve as the basis 

for other further research that requires a greater level of depth. The objective of this research 

is to describe the structure of the phenomena and their dynamics, to identify relevant aspects 

of the energy reality of the UASLP. For this, both quantitative techniques (inventories, 

receipts, surveys) and qualitative techniques (bibliographic review and the study of the 

habits of the UASLP community through the survey) will be used. 

In accordance with (Behar Rivero, 2008); Descriptive analysis studies serve to analyze what 

a phenomenon and its components are like and how it manifests itself. They allow detailing 

the phenomenon studied basically through the measurement of one or more of its attributes. 

The knowledge will be of greater depth than the exploratory one, the purpose of this is the 

delimitation of the facts that make up the research problem, such as: 

1. Establish the demographic characteristics of the UASLP and its campuses 

(population number, distribution by activity performed, level of awareness, etc.). 
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2. Identify forms of behavior, attitudes of people who are in the universe of the 

UASLP (social behaviors, preferences, etc.) 

3. Establish specific behaviors. 

4. Discover and verify the possible association of the research variables contained 

in the EnMS ISO 50001: 2018. 

In addition, this analysis will identify key characteristics of the UASLP and its relationship 

with energy, it will indicate forms of behavior and attitudes of the UASLP, it will establish 

specific behaviors, it will discover and verify the association between the research variables. 

In accordance with the objectives set, this work indicates the type of description that it is 

proposed to make. Use specific techniques in information gatherings, such as observation, 

information gathering, and questionnaires. To collect information, it is subjected to a coding, 

tabulation, and statistical analysis process that will be presented in the results section. 

“This study describes the frequency and the most important characteristics of the energy 

situation of the UASLP. To carry out descriptive studies, two fundamental elements must be 

taken into account: Sample and Instrument: EnMS ISO 50001”. 

 

3.3.2 Index-based analysis process 

 

An indicator is a measure (the distance that exists to achieve an objective or goal), on which 

the performance of an administration can be evaluated (Medina-Ross, Mata-Sandoval and 

López-Pérez, 2005). or university regulations through the UEP. 

 

The EnPIs are statistics that seek to achieve a more in-depth understanding of the main 

problems of the UASLP energy sector. In addition, they are tools to inform university 

regulators and the general public, energy issues (Table  3) related to sustainable 

development and promote institutional dialogue (Meléndez M, 2014). The objective of the 

EnPIs is to provide information, in a format that simplifies decision-making at the institutional 

level, to help the university, evaluate whether its energy regulations are effective in achieving 

being a sustainable university in compliance with the UN SDGs.  Thanks to the indicators, it 

should be easier to see what actions are needed for sustainable development and thus 

determine what statistics must be collected in the field of energy (Meléndez M, 2014). The 

EnPIs must be interpreted in the context of the UASLP's economy and its resources. 

 

For this analysis, it is necessary to consider the factors that impact the level of energy 

consumption and efficiency (relevant variables) of the selected activities or levels that will 

have an EnPIs (Flores Díaz and Jáuregui Nares, 2020). 

 
Some relevant variables that can affect energy performance are: 

• Climate, ambient temperature, humidity, degrees/day. 

• Occupancy levels in buildings. 

• Availability of natural light and the necessary light levels. 
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• Hours of operation. 

• Levels of activity (occupation). 

• Distances traveled for transportation to the UASLP. 

• Use of vehicles for transportation. 

 
EnPIs values are required to be reviewed and compared over time, with the EnBLs to 
monitor and be able to report on positive results or significant deviations and respond to 
them. 
The evolution of the EnPIs, over time and of the EnMS itself, indicates whether the 
implemented action plans produce the expected improvements; on the contrary, it will be 
necessary to review it and, if necessary, update it (Flores Díaz and Jáuregui Nares, 2020). 

The Index-based analysis incorporates a series of indicators (Table  3)  that allows this work 

to monitor both the amount of energy consumption and how energy is consumed. In addition, 

it is complemented with a proposal of graphic statistical techniques that facilitates the 

analysis of the measurement results. On the other hand, the proposal of indicators has 

bibliographic support and construct validity by ISO 50001 (Torres Navarro, Salete Waltrick 

and Flores Canales, 2017). Although this research offers a methodology for the treatment 

of data that originates through the identification of measurement needs in the UASLP, its 

coverage only covers types of indicators: 

• Electrical Appliances 

• Artificial lighting 

• Transportation 

• Consumption. 

The resulting energy indicators consider the contributions of the specialized energy literature 

such as ISO 50001. On the other hand, both the methodological and design proposal of 

energy indicators may be replicated in others in all the faculties and academic units of the 

UASLP, both as in organizations of a similar nature and at the same time responding to the 

requirements regarding the availability of monitoring, measurement and analysis 

mechanisms usually required in various regulatory management systems (Torres Navarro, 

Salete Waltrick and Flores Canales, 2017). 
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3.4 Limits and biases 

 

Due to the limitation for data collection, the implementation of this analysis in the future will 

require the UASLP to carry out checks on the status of the equipment to verify its status and 

functionality, in addition to establishing a systematic process for collecting and recording 

data to help the data analysis process is effective and representative of the operation of the 

entire UASLP. 

An important limitation will be the period for which the energy consumption (in the form of 

electricity bills) of the entire UASLP is had since only the present work managed to obtain 

the invoices for the periods January-December 2019 and 2020, which is why which research 

will focus on this period and hence the limitation of analyzing earlier and more recent 

behavior to date. 

Biases can be presented during the collection of responses in the online survey for the entire 

UASLP community. This is since the institutional communication lists will be used (all emails 

that are registered with the UASLP domain), the survey will reach all staff and the student 

community, from the highest position in the university government, to even the newest 

student. Therefore, previously mentioned, the survey will present an information bias 

because only the people interested in the subject of the survey (Energy) will be the people 

who will answer the survey; This bias does not mean that the interested parties are experts 

on the subject or have knowledge of it. 

Another limitation for obtaining data should be highlighted, which will be the bias that will be 

had to obtain inventories of electrical equipment, their nominal powers, hours of operation, 

and energy consumption. An invitation will be made to the university community to share 

publicly and openly the inventories of their work centers. Reason for which again a bias will 

occur and only interested people or those who have this information will share it in this thesis 

work. 

The only academic entity committed for obvious reasons to share its equipment inventory is 

Agenda Ambiental. However, there are still many information gaps due to the absence of an 

energy management program currently implemented at the university. 
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4  Study Case: UASLP, San Luis Potosi, Mexico 

 

4.1 Mexican Energy Sector 

 

According to (INEGI, 2020), by 2018, Mexico had a population of 125 million people. From 

UN statistics, the population by 2019 was 126.577,69 million people.  The GDP in 2019 was 

1,268,870.53 ‘current US$’ (World Bank, 2021). Table  4 shows the leading economic 

indicators having the most recent information for 2019. 

 

Table  4. National Energy Balance: Economic and energy indicators (SENER, 2019) 

Description Unit 2017 2018 2019 

National energy consumption (petajoules) PJ 9,249.746 9,236.858 8,811.055 

National GDP (billions of pesos of 2013) $ 18,147.787 18,551.600 18,509.940 

National population (millions of inhabitants) pna 123.518 124.738 125.929 

Energy intensity (KJ / $ produced) Num 509.690 497.901 476.017 

Per capita energy consumption (GJ / inhab.) GJ 74.886 74.050 69.968 

Electricity consumption (GWh) GWh 259,881.837 277,928.224 284,214.999 

Electricity consumption per capita (kWh / 
inhab.) 

Num 2,103.995 2,228.100 2,256.938 

Production (petajoules) PJ 7,027.223 6,484.842 6,332.812 

Gross domestic supply (petajoules) PJ 9,249.746 9,236.858 8,811.055 

Production ratio between gross domestic 
supply 

Num 0.760 0.702 0.719 

 

Primary energy considered in Mexico's energy balance includes those energy products that 

are extracted or captured directly from natural resources. The main products are mineral 

coal, oil, condensates, natural gas, nuclear energy, hydropower, geo-energy, wind energy, 

solar energy, sugarcane bagasse, firewood, and biogas. This type of life is used as an input 

to obtain secondary products or consumed directly. Secondary energy sources are derived 

from primary sources obtained in transformation centers, with specific characteristics for 

final consumption, such as coal coke, petroleum coke, liquefied petroleum gas (LP gas), 

gasoline, naphtha, kerosene, diesel, fuel oil, gas oil, dry gas, ethane, electricity, industrial 

gases derived from coal and non-energy products. Recently, asphalt, paraffin, lubricants, 

propane-propylene, and butane-butylene (SENER, 2020) are also used as raw materials. 

 

Table  5. Production of primary energy [Petajoules] (SENER,2019). 

Description 2017 2018 2019 

Total 7,027.223 6,484.842 6,332.812 

Coal 308.240 279.578 230.461 

Hydrocarbons 5,940.602 5,374.178 5,315.164 

Raw oil 4,354.890 4,045.947 3,788.641 

Condensates 67.283 48.901 60.487 
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Natural gas 1,518.428 1,279.330 1,466.036 

Nucleoenergy 113.219 156.003 124.817 

Renewable 665.162 675.084 662.370 

Hydropower 114.652 116.948 84.989 

Geoenergy 127.426 113.184 112.883 

Solar energy 15.156 23.979 40.315 

Wind power 38.231 47.119 60.216 

Biogas 2.520 2.844 2.799 

Biomass 367.177 371.010 361.168 

Cane bagasse 116.869 121.926 113.249 

Firewood 250.308 249.084 247.919 

 

Mexico's Total Primary Energy Supply (TPES) has remained constant for decades, based 

on oil as the central primary energy resource (IEA, 2017). Although there was a moderate 

downturn between 2006 and 2010, the TPES has remained growing, standing the TPES at 

187.3 million tons of oil equivalent (Mtoe) in 2015, being the fossil fuels accounted for 90.4%, 

mostly consisting of oil (48.1%), natural gas (35.1%), and coal (7.3%) (IEA, 2017). According 

to (INEGI, 2018), 99% of the country's inhabited homes have electricity, of which only 0.25% 

use solar energy as an alternative source, either exclusively or in a bidirectional or hybrid 

system ‘solar and public network. 

 

Figure 12. Mexico’s total primary energy supply, 1973-2015 (IEA, 2017). 
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4.1.1 Energy demand by sectors 

 

According to (SENER, 2020), in Mexico, gasoline and naphtha were the fuels with the 

highest energy consumption during 2019, with 29.14%. These showed a decrease of 

13.73% compared to the previous year, which is reflected in the drop in consumption in the 

transportation sector. 

Electricity was the second energy source with the highest consumption with 20.53%. Diesel 

covered 12.98% of the requirements for final energy, followed by dry gas with 11.32%. 

The sectors in which total final consumption is broken down are transportation, which is the 

most intensive sector in energy use, representing 42.58%; the industrial, which consumed 

33.38%; the residential, commercial, and public with 20.01%; and agriculture, with 4.03% 

(Figure 13). 

 

Figure 13. Final energy consumption (PJ) by sector 2019. Adapted from SENER, 2020 

 

 

Energy consumption in the residential sector during 2019 decreased 1.53% compared to 

2018, totaling 748.94 PJ (Table  6). Likewise, during this year a decrease of 0.47% was 

observed in the consumption of firewood in homes. 

As mentioned in (Lorentzen, Mcneil and CONUEE, 2019), the use of electricity for non-

residential buildings (commercial sector in the national energy balance) reported in SENER's 

energy statistics, these are users of low voltage electricity corresponding to small 

companies. However, it is known that many hotels, hospitals, restaurants, shopping centers, 

supermarkets, schools, and hospitals are in medium voltage rates, which are considered as 

the industry. This has led to a systematic undercounting of the consumption of electricity 
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from non-residential buildings, and its corresponding over-counting of electricity 

consumption in industry, particularly in the "other industrial branches" sector (Lorentzen, 

Mcneil and CONUEE, 2019). 

Energy consumption in the commercial sector decreased 1.95% compared to 2018. 

Electricity was the main source of energy with a 54.29% share in this sector. 

The consumption of the public sector, which considers the electricity used in public lighting, 

pumping of drinking water and sewage, as the only energy resource, increased 6.52% 

compared to the previous year. 

 

Table  6. Energy consumption in the residential, commercial, and public sectors (PJ). Adapted from 
(SENER,2020) 

  2018 2019 2019% 

Total  958,97 952,59 100 

Residential  760,6 748,94 78,62 

Electricity 227,8 232,15 24,37 

Commercial  167,44 170,7 17,92 

Electricity 87,17 92,67 9,73 

Public 30,93 32,95 3,46 

Electricity 30,93 39,95 3,46 

 

 

For the transport sector, (SENER, 2020) reported that the fuel consumption totaled 2,027.05 

PJ in 2019, 17.42% lower than in 2018. Auto-transportation was the most representative 

component with 89.15% participation, decreasing 16.61% compared to the previous year. 

The other types of transport also presented decreases in their consumption, except for 

electricity, which increased 3.08% (Table  7). 

 

Table  7. Energy consumption in the transport sector (PJ). Adapted from (SENER, 2020). 

  2018 2019 2019% 

Total  2454,7 2027,05 100 

Auto-transportation 2205,07 1807,07 89,15 

Aerial  190,74 175,87 8,68 

Maritime 27,46 20,94 1,03 

Railway 27,76 19,41 0,96 

Electrical 3,67 3,78 0,19 
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4.1.2 Mexican Legislation of energy and energy efficiency  

 

The Mexican political hierarchy works in an immense framework of a federal democratic 

republic headed by the President. The congressional system is the basis of the Government, 

and its order is broadly divided into five categories: the Executive, the Legislative, the 

Judicial, the State, and the Local Government. The President is elected for a non-renewable 

six-year term and appoints the cabinet. In the regional governments, state governors are 

elected for six-year terms; each State has a local legislature and has the right to levy state-

wide taxes; municipal presidents are elected for three-year terms. Mexico’s political system 

is highly centralized. State governments highly depend on Mexico City for the state 

revenues. 

The most recent institutional framework of Mexico is shown in Figure 14. The three central 

governmental bodies in charge of energy policy are:  

 

• The Ministry of Finance and Public Credit (SHCP) has powers to overrule CRE's 

retail tariffs for the primary service suppliers. The unbundling of CFE and the introduction of 

regulated network tariffs are expected to increase transparency about the costs of the CFE. 

Responsibility for subsidies to electricity end-users will also be transferred from CFE to the 

Ministry of Finance and Public Credit, and they will be paid out from the government budget.  

• The Federal Ministry of Energy (SENER) acts as the main body responsible for 

coordinating the electricity sector. There is no split of responsibility with states. The ministry 

oversees the electricity market reform, including preparing laws and decrees and 

implementing them. SENER issues every year a planning document for the electricity sector 

called The National Electricity System Development Program (PRODESEN). It includes an 

indicative program for the installation or closure of power plants. It also consists of the 

expansion and modernization programs of the national transmission grid and public 

distribution networks. The program is based on all public and private projects to increase 

generating capacity and includes projects for transmission and distribution on a time horizon 

of 15 years. 

• The Ministry of Environment and Natural Resources (SEMARNART) acts as a 

regulator of environmental issues. In specific related to energy topics, SEMANART regulates 

and supervises the safety of operations and the management of ecological impacts from the 

hydrocarbons sector. 
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Figure 14. New Mexican energy institutional set-up (IEA, 2017). 

 

On the other hand, there are other relevant actors like independent regulators and operating 

companies. Into the first ones, the National Hydrocarbons Commission (CNH) is one the 

most important based on its responsibility for regulating and supervising exploration and 

extraction of hydrocarbons, including collection from production points to their integration 

into the transport and storage systems, execution of bidding rounds and the signing of 

contracts for exploration and extraction of hydrocarbons. Another one is the Energy 

Regulatory Commission (CRE), in charge of tasks like calculate network tariffs (transmission 

and distribution), operation of the primary service suppliers, including the electricity system 

from the operator of the National Center for Energy Control (CENACE), as well as the final 

basic supply tariffs. CRE enjoys technical, operational, and managerial autonomy and can 

dispose of its revenues from a tax, not from the state budget. CRE has a clearly defined but 

limited set of additional responsibilities (dispute resolution, inspection and control rights, and 

an advisory role) and a very detailed governance structure, including limiting the term of 

CRE's President Commissioner to 14 years. Both CNH and CRE elect their board directors 

by the Senate.  

As a relevant point, before the 2013 energy reform, supplying electricity was a government 

responsibility. The vertically integrated regulated utility, the Federal Electricity Commission 

(CFE), was an integral part of the Government, owning most generating capacity and 

procuring, through Power Purchase Agreements, additional electricity from independent 

power producers. As part of the reform, CFE has been transformed into a productive state 

enterprise that SENER will continue to control. In that sense, the CENACE is the electricity 

system operator, known as the future system organization's cornerstone. CENACE is an 

autonomous body, formerly part of CFE. It was created in 2014 and is responsible for 

operating the national electricity and wholesale electricity markets. CENACE does not own 

transmission assets that remain the property of CFE. Still, CENACE works the wholesale 

electricity market to ensure the least-cost dispatch of all power plants in adherence to 
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economic considerations such as free competition, transparency, and market efficiency. Like 

independent system operators (ISOs) and regional transmission operators (RTOs) in the 

United States, it also plays a crucial role in planning the power system. They include 

investments in transmission, defining capacity requirements, operating capacity markets, 

and running long-term auctions (IEA, 2017).  

Another essential operating company is Mexican Petroleum (PEMEX), the state-owned oil 

company of the oil industry in Mexico, one of the ten largest oil companies globally that play 

a significant role in Mexico's economy and government revenues. It was founded in 1938 

and had a monopoly in Mexico until 2014 in fuel production (petrol and diesel) and the 

granting of concessions at petrol stations. In 2014, the monopoly was ended, and the 

company was also opened to private capital. Since November 2017, petrol station owners 

also have set fuel prices entirely on their own. It is currently suffering from low productivity, 

among other things, following corruption scandals and a lack of investment in recent 

decades.  

Other actors involved:  

• The National Gas Control Center (CENAGAS) is responsible for the management, 

administration, and operation of the National Gas Transportation System and 

Integrated Natural Gas Storage (SISTRANGAS) to ensure continuity and security in 

the provision of natural gas services. The center elaborates the Five-Year Plan for 

the SISTRANGAS Expansion, submitted for approval to SENER, along with CRE’s 

technical opinion.  

• The National Agency for Industrial Safety and Environmental Protection of the 

Hydrocarbons Sector (ASEA) is an administrative body with technical and 

managerial autonomy which reports to the Ministry of Environment and Natural 

Resources (SEMARNAT). Its task is to regulate and supervise industrial, operational 

safety, and environmental protection in the hydrocarbons sector. It also oversees the 

dismantlement and abandonment of facilities, as well as GHG emissions control.  

• The National Energy Efficiency Commission (CONUEE) is an administrative body 

with technical and operational autonomy embedded within SENER’s structure. 

CONUEE aims to promote sustainable energy and energy efficiency measures 

throughout the energy supply chain from production to consumption.  

• The National Commission for Nuclear Safety and Safeguards (CNSNS) has the 

mandate to ensure that all activities involving nuclear and radioactive materials and 

radiation sources are carried out exclusively for peaceful purposes and in a safe 

manner. This includes monitoring the implementation of nuclear, radiologic, physical 

security standards and safeguards for the operation of nuclear and radioactive 

facilities. 
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A Critical energy reform was implemented in Mexico in 2013. As a context, before 2012, 

Mexico had a traditional industry model where a vertically integrated state agency, the CFE, 

was responsible for developing all power industrial chain activities, from energy generation 

to delivery to end-users. The model allowed the participation of private generators under the 

category of non-public service or external energy producer. It operated under specific 

conditions over the energy produced like destination, referring to its consumption or intended 

for exports or direct sale to CFE; and authorization based on the fact that a CRE permit is 

mandatory.  

In 2012, Enrique Peña Nieto announced the “Pacto por Mexico” agreement with major 

political parties across the political spectrum, including elaborating an energy reform. The 

Mexican Constitution's key amendments were related to Articles 25, 27, and 28, which 

reserved large parts of the State's energy sector activities. The reform decree also included 

21 transitory articles, which outlined the main aspects of secondary legislation.  The 

fundamental principles of the reform were:  

- reaffirming the constitutional principle of state ownership over subsoil 

resources  

- free competition among economic actors in the sector  

- strengthening of regulatory agencies focus on transparency and 

accountability in the new contracts 

- environmental protection and fostering clean energy.  

 

Based on these principles and taking into account the status quo of a mostly closed and 

monopolized energy market, the energy reform allowed a liberalization of the market. In that 

sense, CFE became a competitor in the marketplace to operate under a competitive 

environment. It represented an option to satisfy their electricity needs from an array of 

options available for the largest energy consumers, marking a threshold for CFE’s historic 

monopoly in the value chain's consumer sector.  

Legislation is derived from energy reform. Following the constitutional reform of December 

2013 by December 2015, the Mexican Senate approved ten new laws and 12 modified ones. 

Critical new components of the package are:  

• The Law replacing the former PEMEX and the new Federal Electricity Commission 

(CFE) redefines both companies as ’state productive enterprises’ subject to ordinary 

corporate tax. It will pay a dividend to the State.   

• The Coordinated Energy Regulatory Agencies Law establishes the organization and 

remit of the energy regulator CRE and the hydrocarbons regulator CNH.  

• The Hydrocarbons Law, which authorizes and regulates private actors' participation 

in the sector via service and profit-sharing contracts and “licenses” and permits. It 

also creates an independent system operator for the gas pipeline network, 

CENAGAS.   
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• A new Law on Environmental and Industrial Safety for the hydrocarbons sector, 

including a newly created specialized regulatory agency (ASEA).   

• The Electric Industry Law redefines the roles of the energy regulatory agency CRE 

in the power sector and separates the transmission grid operator (CENACE) from 

the state utility CFE.  

• A new fiscal framework for the hydrocarbons sector, including a dedicated 

Hydrocarbons Revenue Law, defines state revenue's various instruments.   

• A separate law deals with the newly created oil fund for stabilization and 

development (the Mexican Petroleum Fund), which will receive all non-tax income 

from the hydrocarbons sector. The Central Bank administers it under the direction of 

a board comprising the Finance (chair) and Energy Ministers, the Central Bank 

Governor, and four independent members nominated by the President and ratified 

by two-thirds of the senators in session.  

• The Energy Transition Law reiterates 35% clean energy in the electric generation 

mix by 2024 (including nuclear energy) through a series of benchmarks, a 25% target 

by 2018 and a 30% target in 2021. The Law includes a flexibility mechanism that 

allows the targets to be lowered during the first four years in either significant scarcity 

or price inflation. The Ministry of Energy (SENER)is responsible for the monitoring 

of the target fulfillment.   

 

4.2 City of SLP and local environment 

 

The study site of this investigation is located within the city of San Luis Potosí in Mexico, 

which represents the capital of the same-named federal state. The core area of the 

metropolitan zone is composed of the municipalities of San Luis Potosí and Soledad de 

Graciano Sánchez (Figure 15). Together they account for 1,133,571 inhabitants (41.7% of 

state pop.) with a population density of 633.9 inhabitants/km² (INEGI, 2015). 
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Figure 15. Location of the City of San Luis Potosí, MX. Adapted from (UASLP, 2018). 

 

 

Within the capital is most of the food, chemical, furniture, machinery, industrial, and domestic 

equipment industries (INEGI, 2015). Activities that likewise represent a significant energy 

demand. 

The City of San Luis Potosí is located in the central region of the state, and its climate is dry-

temperate occurs in a greater proportion within the state, its geographical location is 

between the parallels 22° 40' and 21° 57' north latitude, the meridians 100° 44' and 101° 11' 

of west longitude and an altitude of 1900 meters approx. The city is characterized by a dry-

temperate climate with rains in summer, in this type of climate the average temperatures 

can go from 12 to 18°C and the temperatures of the coldest month can be between -3 to 

18°C and of the hottest month above 18°C, the total annual precipitation in these climates 

varies between 300 to 40mm. 

The average annual precipitation recorded by the Villa de Reyes Climatological Station (the 

closest to the city of San Luis Potosí), is 347.7mm, the minimum average precipitation 

occurs in February and March with 7.6mm and the maximum in July with 60.3mm. The 

months with the highest rainfall are from June to September, and the months with the least 

rainfall are November through March. The average number of days with rain is 31.2, being 

July with the highest average number of days with rain, with 5.0. In Figure 16, an 

ombrothermal diagram is shown where normal precipitation and mean temperature were 

plotted. In addition, it is observed that the drought period in the region that includes the city 

of San Luis Potosí covers eight months and occurs between the months of October to May. 

For its elaboration, the monthly averages registered in the climatological station for the 

period 1951-2010 were used. 
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Figure 16. Ombrothermal diagram with data from station 24101, Villa de Reyes. Own creation 

 

The central region where the capital is located has an average altitude of two thousand 

meters above sea level, being a dry area with low cloudiness (<30 days a year). According 

to (Chávez Almazán and Nahmad Molinari, 2015), its latitude, high elevation, low cloud 

cover, and climate mean that it has a solar availability of five kilowatt-hours for each square 

meter, every day (5 kWh / m2day). What makes the city of San Luis Potosí, an attractive 

city for the installation of photovoltaic systems of renewable solar energy. 

 

4.3 UASLP and Campuses 

 

4.3.1 History, Size, and Organizational Structure 

4.3.1.1 History 

As mentioned on the official website of the UASLP, the birth of the Autonomous University 

of San Luis Potosí (UASLP) was the result of the ideological struggles of men and women 

who sought freedom through education. Today we have news of the various movements 

that teachers and students carried out from the last twenty years of the 19th century in favor 

of a change in the educational structure of the higher level. 

In March 1885, a group of students from the Scientific and Literary Institute, supported by 

various figures of culture and science in San Luis Potosí, openly expressed their desire for 

change within the same Institute, and founded an entity, although for a brief period, which 

they themselves called the "Free University". They were the first attempts to obtain academic 

freedom and thought for the institution. 
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The Autonomy of the UASLP is a process that was closely linked to the concept of university, 

since the profound change that took place on January 9, 1923, implied, not only the freedom 

it acquired as an institution to make its own decisions, but also the essence and spirit that 

entails the creation of an institution, based on the principle of universality of knowledge and 

the freedom of the human spirit. 

The university spirit has always been fueled by academic freedom, the diffusion of culture, 

and the development of research. Its community, made up of students, workers, and 

officials, has constantly fought for this, always keeping the reason for its autonomy in force. 

The current university is the product of all those generations of students and teachers, 

managers, and workers, who understood that the university system was the way to generate 

the changes that are needed. The vestiges of a past full of hard work, and a struggle for 

educational and scientific continuity, bear witness to a heritage that the Autonomous 

University of San Luis Potosí assumes with recognition, and at the same time aware of the 

responsibility and commitment that this implies. 

4.3.1.2 Size  

 

According to the (UASLP, 2020) report, the UASLP in the state of San Luis Potosí, has 8 

University Campuses, the description of the sites where these campuses are located will be 

made in the following subtopic 4.3.2. 

In addition, within these campuses are distributed 15 Faculties, 2 Academic Units, 7 

Research Institutes, 4 National Research Centers, 1 Preparatory School, and 2 Arts 

Teaching Centers.  

Table  8. Dependencies, Academic Units, and Entities of the UASLP 

Academic entities Research Institutes 

- Facultad de Agronomía y Veterinaria  

- Facultad de Ciencias  

- Facultad de Ciencias de la Comunicación  

- Facultad de Ciencias de la Información  

- Facultad de Ciencias Químicas  

- Facultad de Ciencias Sociales y Humanidades  

- Facultad de Contaduría y Administración  

- Facultad de Derecho “Abogado Ponciano 

Arriaga Leija”  

- Facultad de Economía  

- Facultad de Enfermería y Nutrición  

- Facultad de Estomatología  

- Facultad del Hábitat Facultad de Ingeniería  

- Facultad de Medicina  

- Facultad de Psicología  

- Escuela Preparatoria de Matehuala  

- Agenda Ambiental  

- Centro de Biociencias  

- Centro de Investigación en Ciencias de la Salud 

y Biomedicina  

- Centro de Investigación y Extensión Zona Media  

- Coordinación para la Innovación y Aplicación de 

la Ciencia y la Tecnología  

- Instituto de Ciencias Educativas  

- Instituto de Física  

- Instituto de Geología  

- Instituto de Investigación en Comunicación 

Óptica  

- Instituto de Investigaciones Humanísticas  

- Instituto de Metalurgia  

- Instituto de Investigación de Zonas Desérticas 
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- Unidad Académica Multidisciplinaria Zona 

Huasteca  

- Unidad Académica Multidisciplinaria Zona 

Media 

- Zona Media Coordinación Académica Región 

Altiplano  

- Coordinación Académica Región Altiplano 

Oeste  

- Coordinación Académica Región Huasteca Sur  

- Coordinación Académica de Arte  

- Departamento Físico Matemáticas  

- Departamento Universitario de Inglés 

 

 

 

 

 

Administrative Dependencies 

Extension Management 

- División de Difusión Cultural 

- División de Vinculación Universitaria 

- Centro Universitario de Apoyo Tecnológico y 

Empresarial 

- Centro de Idiomas Universitario 

- Centro de Bienestar Familiar 

- Centro de Documentación Histórica Licenciado 

Rafael Montejano y Aguiñaga 

- Rectoría  

- Defensoría de los Derechos Universitarios  

- Departamento de Comunicación Social  

- Dirección de Edificación y Diseño de Obras  

- Dirección Institucional de Gestión de Calidad  

- Dirección de Imagen y Promoción Institucional  

- Dirección de Fortalecimiento Humano  

- Dirección de Fomento Editorial y Publicaciones  

- Dirección de Radio y Televisión Universitaria  

- Secretaría Particular  

- Secretaría General  

- Secretaría Académica  

- Secretaría de Finanzas  

- Dirección de Gestión del Conocimiento y la 

Innovación  

- Secretaría de Investigación y Posgrado  

- Secretaría Administrativa  

- Secretaría de Planeación  

- Sistema de Bibliotecas  

- División de Desarrollo Humano  

- División de Informática  

- División de Servicios Escolares  

- División de Servicios Estudiantiles  

- Abogado General  

- Contraloría General 
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As part of the strategies embodied in the 2016-2020 Steering Work Plan and the 2013-2023 

Institutional Development Plan, related to the improvement program and assurance of the 

relevance and quality of educational programs and the good governance program, the 

UASLP through the Academic Secretariat, continues to promote the updating of the System 

of Academic Indicators, as an observation instrument that allows knowing the changes 

produced in the institution over time in terms of academic capacity and competitiveness. In 

addition, constant efforts are made to ensure that the system has conceptual consistency, 

technical stability, comparability, and official cut-off dates. The cut-off date of these 

indicators, presented in (UASLP, 2020) corresponds to March 2020. 

The university’s community indicators are divided into students, academic staff (where 98% 

of this personnel have postgraduate studies), and administrative staff (Table  9). 

 

Table  9. Total population of the UASLP. Adapted from (UASLP, 2020) 

Students  32,775 

Administrative staff 3,189 

Academic staff 3,293 

Total UASLP community 39,257 

 

As the UASLP publishes it on its official website, its MISSION is: To generate and strengthen 

university regulations to assist the Rectory in making administrative, academic, and 

government decisions, with a human capital committed to guaranteeing correct access to 

the information, and optimization of resources, in addition to promoting actions in the field 

of security and civil protection to achieve institutional purposes. 

While its VISION is: To assist with the Rector to maintain a high degree of governance 

through the participation of the university community, with avant-garde institutional 

regulations, supported by a culture of prevention, safety, quality, transparency, and social 

responsibility. 

 

4.3.2 Location in City/campuses 

 

Based on data from the official website, the UASLP has 8 University Campuses distributed 

throughout the state of San Luis Potosí. Due to the lack of information in some sections of 

the UASLP website, it was not possible to find specific information on the total population of 

each campus, as well as the personnel that is part of them, therefore, for practical reasons 

of this investigation, a summary of the local and climate conditions of the place where each 

campus is located will be given. 
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• Campus Huasteca (Cd. Valles)  

The municipality of Ciudad Valles in 2020 had a population of 179,371 inhabitants. It is 

located in the eastern part of the state, in the Huasteca area, the municipal seat has the 

following coordinates: 99º01 " of west longitude and 21º59" of north latitude, with a height of 

70 meters above sea level. Its limits are to the north, Tamaulipas; to the east Tamuín; to the 

south, Aquismón, and Tanlajás; to the west, Tamasopo; to the northwest, El Naranjo.  

Cd. Valles is located in the most mountainous formations of the territory, a large part of the 

Sierra Madre Oriental. The entire region to the south and center is made up of plain. Its type 

of climate is considered tropical. Its average annual temperature is 24.5ºC, with an absolute 

temperature of 45.5ºC and a minimum of 6ºC. Its annual rainfall is 1,400mm (INAFED, 

2021a). 

 

 

• Campus Zona Media (Cd. Fernández and Río Verde)  

Due to their geographical location and proximity, the following campuses in the present work 

will describe with the same conditions. The municipalities of Cd. Fernández and Río Verde 

in 2020 had a population of 48,106 and 97,943 inhabitants respectively.  

The municipality is located in the eastern part of the state, in the middle zone, the municipal 

head has the following coordinates: 100º00 "west longitude and 21º56" north latitude, with 

a height of 980 meters above sea level. Its approximate distance to the state capital is 131 

kilometers. There are the mountainous areas of Xichú and La Garganta de Plazuela to the 

south; the Sierra Gorda to the west, covering part of the states of Querétaro and Guanajuato 

and to the west the Cordón de la Mesa Larga, with altitudes that vary from 1,000 to 2,000 

meters above sea level. Its types of climates are: In the northern part it is semi-dry, semi-

warm, in the center it is dry-semi-warm and in much of the southwest it is temperate sub-

humid, with rains in summer; it has an annual average temperature of 21ºC and rainfall of 

479.5mm (INAFED, 2021c). 

 

• Campus Matehuala 

The municipality of Matehuala in 2020 had a population of 102,199 inhabitants. The 

municipality is located in the northern part of the state, in the highlands, the municipal seat 

has the following coordinates: 100º39 "west longitude and 23º39" north latitude, with a height 

of 1,570 meters above sea level. Its limits are: to the north Cedral, to the east the state of 

Nuevo León, to the south Villa de Guadalupe, to the west Villa de Guadalupe and Villa de 

la Paz. The semi-hot dry climate predominates. In the extreme northwestern part, it has a 

small strip of temperate dry climate. The average annual temperature is 19.3ºC and a rainfall 

of 450mm (INAFED, 2021b). 
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• Campus Altiplano Oeste (Salinas)  

The municipality of Salinas in 2020 had a population of 31,107 inhabitants. The municipality 

is located in the northwestern part of the state, in the altiplano area, the municipal seat has 

the following coordinates: 101º43 "west longitude and 22º38" north latitude, with a height of 

2,070 meters above sea level, its limits are: to the north Charcas; to the east Moctezuma, 

to the southeast, south, and southwest the state of Zacatecas; to the west Villa de Ramos; 

to the northwest Santo Domingo. Its approximate distance to the state capital is 95 

kilometers. A small portion to the north of the municipality has a very dry temperate climate, 

the predominant climate in its central part from north to south is dry temperate; In all the 

eastern part bordering the municipalities of Charcas, Venado, and Moctezuma, is semi-dry 

temperate. Its average annual temperature is 18.7ºC and its rainfall is 391 mm (INAFED, 

2021d). 

 

 

 

• Campuses in San Luis Potosí and Soledad de Graciano Sánchez 

The characteristics of the San Luis Potosí metropolitan area that encompasses these two 

municipalities were previously described in chapter 4.2.  

Below in (Figure 17), there is a representation of the campuses, dependencies, faculties, 

and academic entities that are located within the metropolitan area of the city of SLP. To the 

left of (Figure 17), the “Zona Universitaria Poniente” (University West Campus) is shown 

since it is the largest entity of the UASLP and in energy, terms are the most important 

because it is the one that consumes the greatest energy resources of the entire university. 
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Figure 17. Location of the UASLP in the city of SLP. 

 

 

 

 

 

 

 

 

 

• Campus Huasteca Sur (Tamazunchale)  

The municipality of Tamazunchale in 2020 had a population of 95,037 inhabitants. The 

municipality is located in the southeastern part of the state, in the Huasteca area, the 

municipal seat has the following coordinates: 98º48 "west longitude and 21º16" north 

latitude, with a height of 140 meters above sea level. Its limits are: to the north, Matlapa, 

and Tampacán; to the east, San Martín Chalchicuautla; to the south and west, the state 

of Hidalgo. Its approximate distance to the state capital is 372 kilometers. In the north of 

the municipality, the semi-warm humid climate prevails with abundant rain in summer, in 

the south, the climate is semi-warm humid with rain all year round. The average annual 



Chapter 4: STUDY CASE: UASLP, SAN LUIS POTOSI, MEXICO 

 

 

 67 

temperature is 25.50ºC with an absolute maximum of 44ºC and an absolute minimum of 

11ºC. Annual rainfall is 2,168.3mm (INAFED, 2021e). 

 

4.3.3 Building stock and equipment 

 

To implement the PDAC Continuous Improvement Cycle, the "Planning" cycle section 6.3-

6.6. The UASLP needs to have a well-defined and accurate Inventory of its equipment and 

total infrastructure, broken down by entities or departments. Due to the lack of general 

information, this document only presents the document that the UASLP currently has 

“Infrastructure Catalog 2020, (UASLP, 2021)”. In it are the equipment and infrastructure by 

area or academic entity. The limitation is that only the name of the equipment and the 

infrastructure is mentioned, it does not mention brands, work powers, and much fewer hours 

of use. 

With the aforementioned, for the creation of the University Energy Program, it is necessary 

to obtain more information in this regard, and for this, all academic entities and administrative 

agencies must work together to be able to share the information in a standardized way. 

 

4.3.4 UASLP Legislation 

 

As mentioned in the 2013-2023 Institutional Development Plan (UASLP, 2013), the 

organizational structure has allowed the UASLP to develop its functions adequately so far, 

for its high degree of governance to support and facilitate institutional development and 

decision-making. Institutional regulations are constantly updated to support decision-

making, regulate university life and strengthen institutional governance. 

Based on its fully recognized right of autonomy and its statutory capacity to issue its own 

legal system, the Honorable University Board of Directors, from the beginning of its 

operations and with the power granted by article 32 of the Organic Statute of the UASLP, 

has promptly issued the internal regulations of academic entities and management entities, 

in the process of exercising this attribution and because of the need to give legal certainty 

to administrative processes, regulation in the coexistence of our community and its 

members, and equitable access to the spaces, resources, processes, and services of this 

institution, in favor of equality, balance, social peace, and orderly growth. 

They are strengths of the institution; the existence of the constitutional normative foundation 

that gives it capacity and personality, full, broad, recognized, and in force, as well as in 

federal and local regulatory laws; the decrees of autonomy and creation, and its organic law 

by order of the Political Constitution of the State of San Luis Potosí; the existence and validity 

of the fundamental norm of the institution called the Organic Statute, where the foundations 

of its government and organization are laid; its regulatory laws, and its own uses and 

customs as an informal source of law. The entity in charge of keeping university regulations 

updated and disseminating them is called the Regulations Department. 
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The Autonomous University of San Luis Potosí has established a work plan to update its 

institutional regulations, considering the evolution of the institution and its requirements, as 

well as the UASLP 2023 Vision, and the programs, objectives, and strategies of the 

Institutional Plan of Development 2013-2023. For the practical purposes of this work, some 

of the most important university regulations are mentioned below. This regulation is divided 

into statutes, Regulations, and Manuals (UASLP, 2013). 

• Organic Statute of the UASLP 

Manuals 

• General Counsel Organization Manual 

• Manual of the Organization of the Finance Secretariat 

Regulations 

• Regulation of the Academic Staff of the UASLP 

• Regulation of Transparency Access to Public Information and Protection of Personal 

Data of the UASLP 

• Pension Regulations 

• Regulations for the Use of Vehicles 

• Property Acquisition Regulation 

• Financial Investments Regulation 

• Regulations of the Construction Commission 

• Regulations of the University Federation 

• Regulation of Permits, Licenses, and Commissions 

• Prevention, Security and Civil Protection Regulation 

 

The constant updating of the normative bodies of the institution represents an area of 

opportunity, which attends to the social dynamics, the historical evolution, and the new 

challenges facing human coexistence. 
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5  Results and Discussion 

 

The results obtained by this thesis work are presented in a way that matches with the 

methodology proposed on Chapter 3. Since the present work is a pilot study that will serve 

to know the context and to make a very general review of the energy uses in the University. 

This is due to the fact that to the present date there is no precedent in the UASLP on a 

system specifically for energy management, currently there is only an Environmental 

Management System by the Agenda. The only thing that could be obtained were some 

scattered data on mobility and electricity consumption that the Agenda Ambiental had (these 

data will be shown later in this chapter).  

The results generated by this work, which will be presented below, are part of a costume 

tailored approach made with the purpose of knowing the context and presenting a university 

energy review of the university. These results generated here serve to elaborate the first 

energy indicators of the UASLP, these will be the pioneers for further work and the 

elaboration of the UEP.  

Finally, the last result generated by this work are found in the Annexes section (Chapter 9) 

and consists of a step-by-step plan (see Chapter 6) with all the procedures that must be 

fulfilled if the UEP is to be implemented within all UASLP campuses. The UEP can only be 

implemented at UASLP, once all the information and elements required to complete the 

documentation proposed in the Annexes section of this work are available. 

The results here generated have the purpose of establishing the guidelines for the 

subsequent implementation of the University Energy Program (UEP). The reference used 

for said implementation of the UEP is the ISO 50001: 2018 standard, so its methodology will 

be followed for the presentation of results. 

 

5.1 UASLP Context 

 

For the understanding of the organization and its context, as a complement of this chapter 

the previous Chapter 4 was created.  

 

5.1.1 Needs and Expectations of Stakeholders  

 

According to the ISO 50001 standard, one of the essential parts to understand the context 

of an organization (the UASLP for the present work), it is necessary to analyze the present 

situation of the stakeholders and for this the mapping and stakeholder analysis was carried 

out. To understand the needs and expectations of Stakeholders, a Stakeholders analysis 

was carried out by identifying 3 main groups: The University (decision-maker, resource 

owner), the Beneficiaries, and the Potential Collaborators (Figure 18, Annex A-12b). 
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Within the UASLP, the structure with which it is governed internally is identified and where 

decisions are made jointly by the Boards and the Rectory (Spheres in gray). 

Another important stakeholder for the UEP is the Agenda Ambiental, this is the university 

body in charge of articulating strategies to achieve sustainability within the UASLP, so it will 

also be in charge of implementing, verifying, monitoring, and improving the UEP. For this, 

according to the ISO 50001 standard, the Agenda Ambiental must implement an Energy 

Commission that is in charge of the operation of the program. In turn, this Energy 

Commission must form a Technical Team, which has experts in energy matters who help to 

develop strategies and who actively participate in the identification of energy performance. 

The dissemination of the UEP to the university community and the general public will be 

carried out by the Communication and Image Directorate of the UASLP. 

At the core of the Stakeholders, Mapping is the academic and administrative staff and 

students. Because to achieve the energy efficiency goals proposed by the UEP, these 

Stakeholders are of the utmost importance to meet them, which is why they are among the 

operational Stakeholders and also the beneficiaries of the UEP. Potential collaborators were 

identified according to the importance they may have in the implementation of UEP, either 

with financial, academic, scientific, dissemination, innovation, cooperation, and legislation in 

the local, national and international energy field. As the UEP is implemented, all the 

Stakeholders mentioned in this analysis are subject to modification, as well as the possible 

addition of more interested parties is projected. 

For a better understanding of the Relevance that these groups have with the implementation 

of the University Energy Program (UEP), a stakeholder analysis is detailed (Figure 18, 

Annex A-12). This Annex A-12 presents in depth the Stakeholders, their responsibilities 

within the UEP the role they play in decision-making and, finally, the potential to collaborate 

with the implementation of the UEP.
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Figure 18. UEP Stakeholders Mapping (Annex A-12b) 

 

 



Chapter 5: RESULTS AND DISCUSSION 

 

 

 72 

To determine the Scope and Limits of the UEP and at the same time to gather information 

to measure the EnPIs proposed in Table 3 of Chapter 3.1.2, the methodology selected to 

describe the activities that are carried out within the UASLP by level was the UASLP Energy 

Habits Survey. In Annex A-10, the Questionnaire developed is shown.  

The survey was conducted focusing on two main issues for the UEP, energy demand in 

buildings and mobility related to UASLP activities. The sample obtained from the UASLP 

population is 170 participants (number of respondents). 

The results obtained for energy demand in buildings are presented below. 

 

5.1.2 Energy Demand’s Outlook of UASLP buildings 

 

The results of the survey showed that 50% of the respondents were 

Professors/Researchers, 41% were administrative staff, and only 5% of the respondents 

were students. The other 4% were classified as "other". 

The following data shows that students are not willing to answer surveys on topics in their 

university, which can represent a problem when the UEP needs to be implemented because 

Students are the largest proportion of people within the university, since, of the total of 39257 

people that make up the UASLP, 32775 are Students (83.5%), so attention should be paid 

to how to get the UEP to them.  

It could also be observed that 81% of the people who responded to the survey have been in 

the institution for more than 5 years, which shows that the commitment to read and respond 

to topics of importance to the university (in this case, they are communicated to via email) 

is primarily from UASLP staff and not from its students. 

Regarding the part of the academic entities surveyed. Various entities with a greater number 

of responses were identified. In this list is the Faculty of Engineering with 21 people 

surveyed, followed by the Library System with 13 and the Faculty of Chemical Sciences with 

12. It should also be noted that despite the size (number of people per entity) of the Agenda 

Ambiental in comparison With the Faculties of Engineering or Chemical Sciences, a good 

response to the survey was also obtained with a number of 9 respondents (Figure 19). 

Entities that had 3 or fewer responses were omitted from the Figure. 

With this result, it can be inferred which academic entities of the UASLP are the ones that 

will have the least impact since the UEP is implemented, as well as in which entities a greater 

effort will be needed to communicate and implement the program. 
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Figure 19. Number of Respondents of UASLP Academic Entities 

 

 

Another important aspect to identify energy consumption behaviors by the UASLP 

community is the level of awareness that they consider having. Within the survey, the 

community was asked using a scale from 1 to 5, where 1 is "completely unaware" and 5 was 

"I consider myself an expert" (Figure 20). Most of the respondents consider themselves at 

level 3 with 76 responses and level 4 with 70 responses. What makes us see is that the 

majority of those surveyed have some kind of awareness (no matter how slight) about the 

use of energy. 

This is probably also due to a bias in the survey, in which the only respondents were people 

to finish with these issues. 

Figure 20. Level of Energy Consumption Awareness 
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In addition to that, it was asked if people had ever tried to reduce their energy consumption 

within the UASLP. Of these 57 people answered YES, 33 answered NO, and the others 

mentioned the actions they take to reduce their energy consumption. Among these actions, 

the one with the highest number of responses was "I turn off the lights when they are not 

used" with 48 responses, followed by "I turn off the equipment or devices" with 33 responses 

(Figure 21). 

According to the sample of the surveyed population, it is shown that a good part of the 

UASLP staff contributes small actions to reduce energy consumption. 

 

Figure 21. Actions to lower Energy Consumption 

 

 

Electrical Devices within the UASLP 

In order to have the panorama that the UEP needs the activities and the current types of 

energy consumption, within the survey an electrical appliances section was carried out, to 

have an idea of which are the most frequently found and the most used within the UASLP. 
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This section was first divided into the number of devices or equipment that is present within 

the work area of the person surveyed (this can be a laboratory, office, classroom, common 

spaces, etc.), (Figure 22). 

The results obtained for this question most of the respondents have 2 to 5 office devices B) 

in their work area; 61 respondents have at least 1 refrigerator or cooler C); 58 respondents 

also have at least one kitchen appliance D). 

In the case of appliances that have a higher consumption such as AC / heaters A), 30 people 

have at least one, and 26 have 2 to 5 in their work area. On the contrary, 160 people 

responded that there is no higher voltage device H) within their work area. 

 

Figure 22. Electrical Devices/Equipment by Workspace 

 

In the next question, the hours per day in which these electrical appliances are in use were 

asked (Figure 23). Here it was found that refrigerators or coolers C) 79 people responded 

that they are on all day without stopping. Office appliances B), 73 people responded that 
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With this, we infer that those appliances that are connected and running all day could be key 
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Figure 23. Usage hours of Electrical Devices/Equipment 

 

For the usage days of this electrical equipment and devices (Figure 24), it was found that 

81 people responded that in the same way the refrigerators or coolers C) are working all 

week, as well as some kitchen appliances D) with 33 responses. 
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Figure 24. Usage days of Electrical Devices/Equipment 
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Lighting within UASLP 

To broaden the panorama of energy consumption (electrical), another section within the 

survey was created to evaluate the number of lighting accessories that exist in the UASLP. 

This is because there is currently no general inventory, much less with itemized 

consumption. 

To classify lighting accessories within UASLP, the following symbology was made where A) 

refers to Incandescent bulbs and so on. This symbology only applies to this section of 

questions: 
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For this section, respondents were asked how many lights and lamps are within their work 

area. The following results were obtained, the most commonly used lighting systems are 

fluorescent bulbs E) with 17 people who answered that there are more than 20 of these in 

their work area; In addition, 20 people responded that more than 20 fluorescent lamps I) are 

within their work area. 

Fluorescent lighting according to Figure 25 is found as the most-used lighting type within the 

UASLP, followed by LED represented in C) and G). 

 

Figure 25.Lightbulbs and Lamps by Workspace within UASLP 
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In the next question, the hours per day in which these Lighting devices are in use were asked 

(Figure 26). In Figure 26 it is shown that the lighting that is on most of the day is Fluorescent 

with a number of 21 people responded for the bulbs E) and 27 people responded that the 

lamps I), in both cases, they are on 9 to 12 hours a day. Which represents a good indicator 

to estimate energy consumption for the UEP. 

Figure 26. Usage hours of Lightbulbs and Lamps within UASLP. 
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Figure 27.Usage days of Lightbulbs and Lamps within UASLP 
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In addition to knowing the habits of the community according to the lighting in their work 

centers, the community was also asked about the status of the lights when the work areas 

are empty to which 92% answered that the lights they turn off when not in use, while the 

remaining 8% answered that they do not know what happens with lighting. 

The following question refers to whether there is awareness about the use of renewable 

energy within their work centers to which only 2% of the respondents answered that they 

have photovoltaic panels within their work centers, these responses came from CIACYT 

Therefore, it is known that renewable generation systems were installed in that entity. 

In the last question of this section, the community was asked if it is aware that in its work 

area there is someone in charge of verifying the correct practices on the use of energy 

(Figure 28), to which 69 people answered NO, 83 responded that they "don't know" and 18 

answered that if there is someone, in each workspace someone different takes care of it. 

 

Figure 28. Knowledge of Foreman for verifying the correct practices in the Use of Energy 
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5.1.3 Mobility Energy Demand of UASLP (Induced traffic) 

 

The second part of the survey was made on the mobility that the UASLP community has to 

carry out its activities, mobility was chosen for its impact on the emission of greenhouse 

gases (GHG) and Climate Change. 

In this section, respondents were asked to answer about the mobility they had before the 

current COVID-19 pandemic in case their mobility was affected by it. 

For which, they first asked if they currently must make trips to the UASLP or work from 

home, to this 73% of the 170 respondents answered that "Yes, several times a week", while 

23% answered "Yes, but only in extraordinary cases "and only 5% (presumable students) 

answered" No ", it is known that they work directly from home. 

Another question was the average time it takes them to travel from their home to the UASLP. 

In this question, most of the responses (86 people) answered that it takes 16-30 minutes to 

travel, while 56 people answered that it takes them less than 15 minutes; only 2 people 

responded that it takes them more than 2 hours to get to the university per trip. 

Furthermore, to get an idea of how many days people must travel to the UASLP, the question 

was addressed within the survey. 145 people responded to this or 85% of them said that 

their work or study day is 5 days a week. Since they are the majority, this data is taken as a 

baseline. To broaden the panorama on the mobility of the UASLP community, a good 

indicator is the means of transport that they commonly use. The following Figure 29 shows 

the means preferred by people. 

 

Figure 29. Means of Transportation used 
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In Figure 26 it is observed that the preferred means of transport for people is their own car 

since 116 people of the 170 surveyed use this mean of transportation. This represents an 

area of opportunity for the UEP, in conjunction with the UNIBici program and the Agenda 

Ambiental, campaigns should be promoted to reduce car use. 

In addition to the trips to travel daily to the UASLP, there are trips to other cities, states, or 

countries for reasons related to the University, for this reason, respondents were asked the 

number of trips they make per year, the means of transport for these trips and the number 

of hours they travel per year (Figures 30, 31 and 32). Within these questions, he was given 

the option to decide whether they are short trips (- 200 km approx.), Medium trips (+ 200 

km), and long trips outside the country. 

 

Figure 30. Travels per year related to UASLP 
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Figure 31. Means of transport according to travel distance 

 

Finally, to know an estimate of travel hours related to UASLP activities, most of these hours 

are used for short trips (Figure 32). 16 people responded that they spend less than 10 hours 

of travel per year, 28 responded from 11 to 30 hours, 6 more than 50 hours, and 18 more 

than 100 hours a year on short trips. Only two people responded that they travel more than 

100 hours a year for long trips outside the country, an activity that generates the highest 

amount of GHG emissions from burning fuel in airplanes. 

Figure 32. Travels Hours per Year related to UASLP 

 

1
1
9

5 3 0

7
6

4
5

1
3

0

7
8

2
3 2

9

8

9
8

0 0

2
3

N O N E  C A R B U S A I R P L A N E

I don't need to commute

Short (- 200 km approx.): to another municipality/locality of S.L.P.

Medium (+ 200 km approx.): to another city within Mexico

Long: abroad

1
0
5

1 2 2 0 2

4
8

1
6

2
8

1
7

6

1
8

6
7

1
4 1
6

8 4 3

7
3

1
9

8 6

0 2

N O N E  L E S S  T H A N  1 0  1 1  - 3 0  3 1  - 5 0 MO R E  T H A N  
5 1

MO R E  T H A N  
1 0 0

I don't need to commute

Short (- 200 km approx.): to another municipality/locality of S.L.P.

Medium (+ 200 km approx.): to another city within Mexico

Long: abroad



Chapter 5: RESULTS AND DISCUSSION 

 

 

 83 

To close with the mobility survey, respondents were asked about their opinion about whether 

they believe that the current COVID-19 pandemic affected their mobility, to which 78% of 

people answered "YES", 11% answered that "NO" and 11% answered that they have the 

same mobility before and during the pandemic. 

As a strategy to reduce fuel consumption thanks to urban mobility, the community was asked 

about the importance of returning to their normal activities within the UASLP (Figure 33). On 

a scale where 1 means "I can do my activities from home" and 5 "Very Important" to return 

to normal activities, 54 people responded neutrally while 46 people consider it very important 

to return to their face-to-face activities at university. 

 

Figure 33. Importance of going back to normal activities within UASLP 
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Number of 
transport 

services of 
each entity 

No. 
Passengers 
per service 

No. of round trips 
per day 

Coordinación Academica 
Region Altiplano 

1 Bus 44 0,33 

Coordinación Academica 
Region Altiplano Oeste 

1 Bus 15 1 

Facultad de Agronomía y 
Veterinaria 

6 Busses 44 3 

Facultad de Medicina 1 Bus 25 1 

Instituto de Geología 1 Truck 10 1 

Instituto de Metalurgia 1 Truck 2 1 

Total  
9 Busses 

140 7,33 
2 Trucks 

Number of cars entering the UASLP daily 3129 

Number of motorcycles entering the UASLP daily 606 

The average number of Zero-Emission Vehicles (ZEV) 
(electric cars etc.) on campus per day 

12,2 

 

It is presumed that the UASLP has more private transport (trucks, cars, and buses), even 

so, the exact data is not available at the moment. When implementing the UEP, an exact 

quantification of these indicators must be obtained. 
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5.2  UASLP Energy Review 

 

Following the planning process proposed by Figure 10, in Chapter 3.1 and due to the existing 

data limitation. For the tactical part, the energy review was made by identifying the 

Significant Energy Uses (SEnU), they were determined and selected by the present work 

through the results obtained by the survey carried out, and they constitute a key aspect 

within the UEP being the priority within energy management. Due to the limitation to be able 

to carry out an analysis of energy consumption and uses as a framework to establish the 

selection criteria of the SEnU. In this sense, the definition establishes two criteria: the first 

refers to substantial energy consumption, while the second refers to the use that offers 

considerable potential for improving energy performance. 

All the SEnU that were discussed in the survey has the potential to improve their energy 

performance because none is an essential process for the operation of the UASLP. The 

energy performance indicators (EnPI) obtained from the survey are quantifiable values from 

the UASLP; They were selected to understand, monitor, measure, and analyze their energy 

performance before, during, and after the implementation of the UEP. 

When defining the EnPIs, due to the available data, they were thought of as global indicators 

(at the entire UASLP level) aimed mainly at top management. That is why there must be 

several factors that impact the level of energy consumption and efficiency (relevant 

variables) of the selected activities since the conditions of each Campus or academic entity 

are different, there are newer buildings than others, some campuses are They are in a warm 

tropical climate, another is a semi-desert, the number of staff also varies. For this reason, 

some examples of relevant variables that can affect energy performance are listed here: 

• Climate, ambient temperature, humidity, degrees/day. 

• Occupancy levels in buildings. 

• Availability of natural light and the necessary light levels. 

• Hours of operation. 

• Loading and use of vehicles. 

EnPIs values are required to be reviewed and compared over time; that is, the Energy Base 

Line (EnBL), to monitor and be able to report on positive results or significant deviations and 

respond to them. 

The quantitative reference with which the level of consumption and efficiency of energy uses 

of the UASLP is compared is called the energy baseline (EnBL). 

The first action to obtaining the EnBL was to establish an adequate period of time (2019-

2020), which represents the operating cycles of the UASLP and also satisfies the 

requirements of having all the monthly consumption measurements reported by the CFE 

bills that affect energy performance. 

The data to establish the EnBL were taken from the energy review and calculated with 

consumption data from previous periods. The EnBL is shown below in Tables 10 – 11 and 
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Figures 34 – 35, the total consumption of the UASLP was calculated and its economic 

expenditure in Mexican pesos $ MXN. 

In addition, a model was made to be able to compare the consumption of the “Zona 

Universitaria Poniente” by itself and with this determination that it is the campus with the 

highest consumption, representing around one-third of total energy consumption within the 

UASLP. 

 

Table  10. Energy Consumption of the Zona Universitaria Poniente for the period 

(2019-2020) 

Month 
Energy 

Consumed 
(kWh) 2019 

Amount per month 
($MXN) 2019 

Energy 
Consumed 
(kWh) 2020 

Amount per 
month ($MXN) 

2020 

January 333631  $        938.206,00  330538  $      934.000,00  

February 352057  $     1.008.622,00  357433  $   1.011.836,00  

March 385788  $     1.071.448,00  312284  $      879.137,00  

April 310109  $        875.602,00  215264  $      524.924,00  

May 400373  $     1.054.509,00  224119  $      527.891,00  

June 339073  $        889.661,00  236693  $      544.317,16  

July 293066  $        777.307,00  249624  $      508.994,58  

August 361436  $        953.854,00  236287  $      557.900,75  

September 373091  $        992.426,00  261365  $      602.074,26  

October 415454  $     1.070.545,00  279350  $      644.212,75  

November 378755  $     1.059.634,00  265656  $      652.293,69  

December 279036  $        767.739,00  244075  $      608.560,51  

Total  4221869  $  11.459.553,00  3212688  $  7.996.141,70  

tCO2e 2132,04 1587,06 

  2019-2020 1009181  $   3.463.411,30  

 

During the period 2019-2020, in Figure 34 it is observed that the months with greater 

consumption are those corresponding to the periods of January and February. During the 

month of March - April 2020, there is a decrease in energy consumption of the "Poniente 

University Zone" this because in those months the UASLP decided to carry out its activities 

remotely due to the current pandemic of Covid-19, which that significantly affects energy 

consumption. 

The difference between consumption for the Zona Universitaria Poniente of 2019-2020 was 

1009191 kWh and economic savings of 3,463411.30 million pesos was had. This indicates 

that the ENP of the UEP can be an opportunity area of special attention thanks to the 

scanning of the processes. 
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Figure 34. Energy Consumption of the Zona Universitaria Poniente for the period (2019-2020) 
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Table  11. Energy Consumption of the whole UASLP for the period (2019-2020) 

Month 
Energy 

Consumed 
(kWh) 2019 

Amount per month 
($MXN) 2019 

Energy 
Consumed 
(kWh) 2020 

Amount per month 
($MXN) 2020 

January 946344  $     2.357.523,00  898857  $     2.439.062,00  

February 1040916  $     2.732.385,00  1027176  $     2.711.269,00  

March 1144534  $     2.951.048,00  991838  $     2.588.295,00  

April 960195  $     2.470.605,00  679175  $     1.624.544,93  

May 1197402  $     3.160.046,00  678839  $     1.609.685,11  

June 1120893  $     2.774.342,46  640254  $     1.461.662,97  

July 892985  $     2.369.919,79  719695  $     1.658.281,73  

August 1168923  $     2.894.807,00  690486  $     1.621.036,69  

September 1230119  $     3.020.540,00  735420  $     1.701.846,11  

October 1268118  $     3.069.521,79  817277  $     1.869.532,23  

November 1098500  $     2.843.862,00  750375  $     1.835.546,50  

December 837845  $     2.137.044,00  711266  $     1.718.573,45  

Total  12906774  $  32.781.644,04  9340658  $  22.839.335,72  

tCO2e 6517,92 4614,28 

  2019-2020 3566116  $     9.942.308,32  

 

The formula used  to calculate these emissions is shown below (Flores Díaz and Jáuregui 

Nares, 2020): 

Emissions of GHG Electricity = (Electricity consumption) (FEE year) 

 

Where: 

Emissions of GHG Electricity = GHG emissions due to electricity consumption per year in 

tCO2e; 

Electricity consumption = Electricity consumption per year in MWh; 

FEE Year = CO2e emission factor due to electricity consumption per year in (tCO2e/MWh). 

 

During the period of 2019, 6517 tCO2e was issued, while in 2020, 4614 were issued. 

The tons of CO2 equivalent was calculated through the annual publications of the national 

average factor of CO2 emissions due to electricity consumption (tCO2/MWh), which for the 

year 2019 this factor was 0.505 (CRE, 2020), and for the year 2020, the official factor was 

0.494 (SEMARNAT, 2021). 
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Figure 35. Energy Consumption of the whole UASLP for the period (2019-2020) 

 

 

The data were obtained from CFE consumer bills. Most of these readings within the UASLP 

are CFE "GDMTH" tariffs, they are supplied in medium voltage with a demand of 100 kW or 

more. 

To improve energy savings in the UASLP, the UEP should focus on peak kW because they 

reduce the cost of demand, reduce consumption during peak hours (always consider the 

schedules that the CFE applies to the UASLP depending on on-campus location). 

Once the EnBL was known, the present work obtained information through inventories of 

equipment and its consumptions, from the SEnUs of the UASLP. 

Inventories were obtained from 3 different locations within the UASLP, the first and the most 

complete is the inventory provided by the Agenda Ambiental, which mostly has electrical 

office appliances, an air conditioner, and some electrical kitchen appliances. 

Since within its facilities the Agenda Ambiental does not have any laboratory, its main SEnUs 

are the computer room that, being in use for approximately 2 hours, consumes 

approximately 16 kWh (Table 12); It also has an Air Conditioning that being for 2 hours 

consumes approximately 6.4 kWh. 
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Table  12. Inventory of the Agenda Ambiental to Identify SEnU 

Agenda Ambiental Electrical Appliances 

Brand  Electrical appliance Qty Power 
(W) 

Hours/day kWh 

KIOCERA Printer KM-5050  1 20 8 0,16 

HP  Printer LASERJET 5500dn  1 20 8 0,16 

HP  Printer LASERJET P1005 1 20 8 0,16 

KIOCERA  Printer KM-5035 1 18 1 0,018 

TEFAL  Coffee Maker CM351 1 950 3 2,85 

LG  Microwave MS-1144DP 1 1500 2 3 

EVERSTAR  EM031MEL Microwave 1 1500 2 3 

GE Water Dispenser GXCF05D 1 5 24 0,12 

EPSON Powerlite X14 + video projector 1 250 3 0,75 

BEN Q  Mini Projector, Model: Joybee GP2 1 150 2 0,3 

SONY Video projector, SERIES: 7009326, color: white 1 250 3 0,75 

EPSON Powerlite X24 + 1 250 3 0,75 

EPSON Powerlite S6 + Video Projector 1 250 3 0,75 

SONY Video projector, model: XGA-VPL-EX7, white 1 250 3 0,75 

SONY Video projector, model: VPL-CX61, gray with black 1 250 3 0,75 

EPSON Powerlite X24 + 1 250 3 0,75 

BEN Q  Mini Projector, Model: Joybee GP3 1 150 2 0,3 

EPSON POWER LITE X36 + (3LCD 3600) 1 250 3 0,75 

DELL VOSTRO 3450 V14Cl3 1 200 8 1,6 

DELL Notebook  INSPIRON 14R 114Si5s650SB 1 200 8 1,6 

HP Mini 110-3712LA 1 130 0 0 

DELL Vostro 1320 1 200 0 0 

HP ENVY X2 11-050la  1 200 8 1,6 

TOSHIBA OOSMIO X875-Q7390 1 200 0 0 

DELL Inspiron 15R (5537) 1 200 8 1,6 

ACER V5-171-6466 (LNX.M3AAL.022) 1 200 8 1,6 

HP Model 630 Notebook 1 200 0 0 

DELL Latitude E5500 2 200 0 0 

DELL Inspiron 3537 15R 15.6 HD Touch 1 200 8 1,6 

DELL Inspiron Mini 1210 1 130 8 1,04 

DELL Vostro 5470 V5470_i5450SW8Ps 2 200 8 3,2 

ACER Aspire V3-371-771 \ 2 200 0 0 

DELL VOSTRO 3459 laptop 2 200 8 3,2 

DELL Inspire 15 5570 1 200 8 1,6 

Lenovo V330-1411 \ B 1 200 8 1,6 

DELL Vostro 3400 laptop 1 200 8 1,6 
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DELL Precision T1500 1 400 0 0 

DELL Inspiron 620 1 400 8 3,2 

DELL Optiplex 740 1 400 8 3,2 

DELL Dimension 8200 2 400 8 6,4 

DELL Dimension 9200 1 400 8 3,2 

DELL Optiplex 9020 1 400 8 3,2 

DELL Vostro 460 1 400 0 0 

DELL Vostro 220s 3 400 8 9,6 

DELL Optiplex 9010 2 400 8 6,4 

DELL PowerEdge T420 5U Tower 1 400 8 3,2 

DELL XSP 8700 Computer Minitower 1 400 8 3,2 

DELL DELL Optiplex 760 20 400 2 16 

Boxlight Speakers Soundlite 1 30 1 0,03 

CISCO Access point 1 15 24 0,36 

Phillips Pedestal fan 
1 200 1 0,2 

LASKO Tower fan 1 100 1 0,1 

Man freal 20 "floor fan 1 200 1 0,2 

Mirage  Air conditioning 1.5Tons 
2 1600 2 6,4 

IMPCO Medium wash air 1 1200 1 1,2 

Vapovent Medium wash air 
1 1200 1 1,2 

    Total 105,2 

 

The total kWh that the Agenda Ambiental consumes was calculated by estimating the hours 

that these electrical appliances are used because this data was not available, the powers 

(W) at which the appliances work were also standardized for other similar appliances due to 

because this information was not available either. Having said the above, it is presumed that 

approximately the Agenda Ambiental consumes a total of 105 kWh in an average workday, 

therefore it presents opportunities for improvement mentioned above. 

Thanks to question 13 of the "UASLP Energy Habits" Survey (Annex 10), inventories from 

the CIACYT heat and chemical treatment laboratory, as well as from Carrel 18 from the 

same research institute, were obtained by email (Table 13). 

In the laboratory, it is shown that the SEnU are the baths at a constant temperature since 

they are used in greater relation to the other laboratory devices. It was calculated that this 

laboratory consumes approximately 18.38 kWh per day without counting lighting since no 

data was obtained from this. 

On the other hand, Carrel 18 of the CIACYT Second Floor can consume up to 43.5 kWh per 

day if it is charging the uninterruptible power supply. 
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Table  13. Inventories of the CIACYT Institute to Identify SEnU 

CIACYT Heat and Chemical treatment laboratory 

Brand  Electrical appliance Qty Power 
(W) 

Hours/day kWh 

SHIMADZU Spectrophotometer 1 300 1,6 0,48 

ANOVA Constant temperature bath 1 1000 9,6 9,6 

PolyScience Constant temperature bath 1 400 7,2 2,88 

ThermoScientific Constant temperature bath 1 730 4,8 3,504 

Binder Oven 1 800 2,4 1,92 

Total 18,38 

CIACYT Floor 2, Carrel 18  

- Coffee maker 1 1350 2 2,7 

- Fan  1 100 4 0,4 

- Telephone 1 2 2 0,004 

HP Z220 Workstation 1 530 8 4,24 

HP Monitor  1 19 8 0,152 

APC Uninterruptible Power Supply 1 1500 24 36 

    Total 43,5 

 

 

Although the use of renewable energies does not represent an improvement in the current 

energy performance of the UASLP, the University has cogeneration systems within some of 

its faculties or academic entities (Table 14), however, this can be incorporated into the 

system of UEP energy management. 

 

Through the Agenda Ambiental, generation data were obtained within the UASLP in its 

different campuses and entities throughout the state. Despite having these data, to 

implement the UEP, it is necessary for the UASLP to update its databases, because it is 

known that there are more photovoltaic systems within the University, but they have not yet 

been quantified. Therefore, if UASLP wants to have an EnMS within the UEP you need data 

that is as close to reality as possible. 

The current estimate is that within all UASLP campuses and entities (Table 14), 190.87 kWh 

per day are produced. Which does not represent a significant contribution to energy 

performance. 
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Table  14. Renewable Energy Generation within UASLP 

Campus Entity Municipality 
No. of 
Panels 

Energy 
per 

panel 
(W) 

Energy 
Production 

kWh 

Energy 
Production 
kWh/year 

(2019) 

Zona 
Universitaria 

Poniente 
  

Instituto de Física 

SLP  

14 250 14,455 5276,075 

Centro de 
Capacitación en 

Ingeniería de 
Materiales 

210 
250 10 3650 

Facultad de Ingeniería 250 20 7300 

Facultad del Hábitat 30 250 25 9125 

Zona 
Universitaria 

Sur 
IICO 40 510 42,126 15375,99 

Zona Media 
Unidad Académica 

Multidisciplinaria Zona 
Media 

Río Verde - 250 - - 

Zona Huasteca 
Sur 

Campus Huasteca Sur 
Tamazunchal

e 
42 245 42,4977 15511,6605 

Zona 
Universitaria 

Norte 

Facultad de 
Agronomía y 
Veterinaria 

Soledad de 
Graciano 
Sánchez 

- 250 - - 

Zona 
Universitaria 

Noroeste  

Unidad de Posgrados 
e Investigación SLP  

- 250 - - 

CIACYT 40 250 36,8 13432 

Total of Solar Energy production per year 69670,7255 

Total of Solar Energy production by all campuses per day 190,8787 

- No information was available. 
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6 Step-by-Step towards a University Energy Program  

 

6.1 Overview of UEP and selected program elements and tools 

 

The effectiveness of the UEP will depend, to a large extent, on the commitment and 

availability of all the actors involved in the UASLP to manage the use and cost of energy, in 

addition to making the changes that are necessary on a day-to-day basis to facilitate these 

improvements and reduce costs (Flores Díaz and Jáuregui Nares, 2020). 

There are different ways to incorporate energy management into daily activities; that is, there 

is no right or wrong way to do it; however, there are some recommendations to achieve this. 

Improvement in measurable results of: 

• Energy efficiency 

• Energy consumption related to energy use, compared to the energy baseline 

Scope of other expected results such as: 

• Reduced cost in energy 

• Compliance with the general objectives of climate change 

• Improved reliability 

• Increase in the use of renewable energies 

Continuous improvement of the UEP in terms of: 

• Suitability 

• Adequacy 

• Efficacy 

• Alignment with the strategic direction 

 

This work focused on identifying the core requirements of the EnMS of ISO 50001: 2018 to 

facilitate the future implementation of the UEP under this scheme. 

 

Core requirements are essential to observe and improve 

the energy performance of the UEP. The core requirements 

are all those focused on energy management itself. This 

means that, if the UASLP decides to work only on them, it 

will also be integrating energy performance into its 

operational control variables and it will be possible to see 

results in energy consumption and costs associated with it 

(ASE, 2018). 
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These requirements apply to all analysis activities of energy use and consumption and its 

associated costs. 

The core requirements proposed in this work are visualized in Figure 36 below.  This figure 

represents the cycle of continuous improvement in energy management and is composed 

of two essential parts, the first part is the results found in this work, while the second part is 

the guidelines for future implementation of the UEP. These guidelines are composed of 

procedures, regulations, procedures, and lists that the UASLP together with the Agenda 

Ambiental must develop if they want to implement a university energy program that adheres 

to the international standard ISO 50001:2018.  

In addition to the above, Figure 36 is composed of a continuous improvement cycle where 

the phases of the cycle are listed in pastel colors, as well as the tools that this work 

developed to comply with these phases. These tools are marked by a color traffic light where 

the tools in GREEN color were fully developed in the present work, the tools in YELLOW 

color were partially completed due to time conditions, present pandemic COVID-19 situation, 

and lack of information about them, while the tools in RED color need to be fully completed 

by the team in charge of implementing the UEP, because until the date of this work there is 

no data to fulfill them, due to the technical limitations, they should be fulfilled for an expert 

team and/or because the lack of existence of energy policies/strategies within the UASLP. 

These tools are the milestones to future works regarding the implementation of the present 

UEP. 

If the information and time of this research had been sufficient, the goal was to have as 

many GREEN tools as possible, but because of the above mentioned, this research is 

focused on being a pilot study and gives a systematized guide of the steps that have to be 

followed to implement an EnMS (these tools are broken-down for its visualization in Chapter 

9 - Annexes of this document), so this research does not seek to have all the information 

that is missing in the YELLOW and RED tools as an objective.  

It should be noted that the elements in Figure 36 were standardized in a generic manner for 

the entire UASLP due to the information available and the fact that the results presented in 

Chapter 5 were obtained from the entire UASLP in general, making it difficult to classify by 

entities, campuses, or faculties.  

The following work suggests that for correct implementation of the UEP, a study should be 

carried out according to the specific characteristics of each site: climatic factors in the area, 

infrastructure, number of people/users, age of the buildings, renewable energy generation 

potential and connection to the electrical grid. This is since as mentioned in chapter 4.3.2 

the UASLP has campuses in different locations in the state of SLP, so the energy needs are 

different from site to site.  
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Figure 36. Overview of the elements required to implement an EnMS under the ISO 50001:2018 standard. 

 

 
 

 

The figure is composed of the elements needed to implement the UEP, it shows 

the work done by the present work, as well as the information and elements that 

need to be gathered by other works in the future to have a 100% compliance with 

the University Energy Program (UEP). 

Chapter Subchapter Status Document Name / Tool

Energy Demand's Outlook A-10 

Mobility Energy Demand A-10 

A-01 Risk Management / Procedure

A-01b PESTEL / Questionnaire 

A-12 Stakeholders' Analysis 

A-12b Stakeholders' Mapping 

A-04 Scope and Limits of the UEP / Format 

A-10 Energy Habits UASLP / Survey

A-09 Equipment and Lighting Inventory / Master list

A-10 Energy Habits UASLP / Survey

A-18 Energy Planning / Procedure 

Chapter 5 UASLP Inventories of Equipment / Results 

Chapter 5 UASLP Energy Consumptions / Results 

A-09 Equipment and Lighting Inventory / Master List

A-10 Energy Habits UASLP / Survey

A-18 Energy Planning / Procedure 

Chapter 5 UASLP Inventories of Equipment / Results 

Chapter 5 UASLP Energy Consumptions / Results 

A-18 Energy Planning / Procedure 

Chapter 5 UASLP Energy Consumptions / Results 

Planning for further Energy Data collection A-18 Energy Planning / Procedure 

Chapter Subchapter Document Name / Tool

A-04 Scope and Limits of the UEP / Format 

A-13 Energy Commission / Organizational chart

A-18 Energy Planning / Procedure 

A-19 Communication of the UEP / Procedure 

A-19b Communication of the UEP / Binnacle 

Energetic Policy A-14 Energy Policy 

A-12 Stakeholders' Analysis 

A-12b Stakeholders' Mapping 

A-13 Energy Commission / Organizational chart

Resources for the UEP AOP Annual Operational Program / Suggested 

Energy Competence and Awareness A-20 Competence and Awareness / Procedure

A-19 Communication of the UEP / Procedure 

A-19b Communication of the UEP / Binnacle 

A-02 Control of Records / Procedure 

A-04 Scope and Limits of the UEP / Format 

A-14 Energy Policy 

A-15 Controlled Documents / Master List

A-16 Controlled Records / Master List

A-05 Operational Controls / Matrix

A-11 Work for Direct Purchases / Instructive 

Design A-06 Desing, Modification and Renovation / Format

Acquisition and new purchases A-11 Work for Direct Purchases / Instructive 

A-07 Identifying Legal and other Requirements / Format

A-18 Energy Planning / Procedure 

Internal Audit A-03 Realization of Internal Audits / Procedure 

Top Management Review A-08 Results of the Top Management Review / Format

Non-conformity and corrective actions A-17 Corrective Actions / Procedure 

Continuous improvement 
Improvement 

Energy Habits UASLP / Survey

Significant Energy Uses (SEnU)

Energy Performance Indicator (EnPIs)

Energy Baseline (EnBL)

Energy Review              

-Planning-

Further recommendations: "Guidelines for future work on implementation of the UEP"

All of the above 

Planning and operational control 

Monitoring, measurement, analysis and 

evaluation of energy performance 

Operation

Performance 

Evaluation

Results of this work: "Getting to know current energetic situation of the UASLP"

Documented Information 

Communication 

Support 

Needs and Expectations of Stakeholders

Determination of the EnMS's (UEP) Scope

UASLP Context 

Leadership and Commitment 

Roles and Responsibilities and Autorities for 

the UEP

Leadership 

Plan Completed 

Do Partially completed 

Check Needs to be done

Act

Cycle Phase Status 

Symbology 
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6.2 Roles and Responsibilities 

 

To have a better understanding of the roles and responsibilities of each of the actors involved 

in the implementation of the UEP. As mentioned in the methodology chapter 3.2.2., An 

analysis of the interested parties was carried out (Annexes 12 and 12b). 

The analysis presents the actors, their responsibilities, their current role in decision-making, 

and the potential to collaborate with the UEP. The stakeholder groups were classified into 

Beneficiaries, decision-makers, and potential collaborators. 

As a complement to the information generated in the analysis, a mapping of the 

Stakeholders was also prepared (Annex 12b), where the relationships and connections 

between the different stakeholders are illustrated and which are essential for the 

implementation of the UEP within the UASLP. 

 

6.3 The Defined Procedure for the Action Plan according to ISO 50001:2018 

 

The following procedure is proposed by this work under the continuous improvement 

scheme "PLAN-DO-CHECK-ACT" described in chapter 2.4 of this work, and according to 

Figure 36. In Figure 36 the results and the recommendations for the implementation of an 

EnMS according to the international standard ISO 50001:2018 were presented. 

The defined procedure is divided into chapters and sub-chapters (each chapter and sub-

chapter are divided by number and color). Within each sub-chapter, the elements that must 

exist in some way to comply with it are presented, as well as the documents (in the form of 

Annexes) that will serve as a guide to collect these elements. In addition, inside the defined 

procedure, there are the stakeholders that must be involved in each sub-chapter at the time 

of implementing the UEP.  

The last element of the defined procedure consists of the scope with which this thesis work 

was carried out. Within this Scope it is mentioned, what this thesis work done, which are the 

elements that this work did not do (due to lack of information and/or time), and which are the 

elements that are not within the scope to complete, for example, it is up to the Top 

Management only to carry them out. 

 

For aesthetic reasons, the procedures will be presented on the next page (Pag 92). 
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6.3.1 PLAN 

 4. UASLP Context  

 

4.1. Understanding of the 

organization and its context 

4.2. Understanding the needs and 

expectations of stakeholders 

4.3. Determination of the scope 

of the energy management 

system (UEP) 

4.4. Energy management 

system (UEP) 

Elements 

The first step for the creation of the 

University Energy Program (UEP), 

is necessary to determine the 

internal and external factors that 

affect, positively or negatively, the 

expected or projected results 

concerning the UEP and its energy 

performance, which will serve to 

connect the two elements with 

strategic planning. 

External factors are those that are 

outside the physical limits of the 

UASLP interested in energy 

performance, such as: 

• Natural, climate, geographical 

circumstances. 

• Energy suppliers and suppliers. 

• Shareholders, economic and 

financial issues. 

• Communities, cultural, social, 

and political environment. 

• Government, voluntary or 

contractual regulations. 

• The technology is available in 

the market. 

• General public. 

Under the nature of the UASLP 

and the 4.1 actions, it is 

necessary to determine: 

 

a) Stakeholders that are relevant 

to energy performance and the 

UEP, both Internal: UASLP and 

beneficiaries; and External: 

Potential collaborators, partners.  

b) The relevant needs and 

expectations (i.e., requirements) 

of these interested parties. 

c) Which of these needs and 

expectations become legal 

requirements and other 

requirements. 

d) It ensures that the applicable 

requirements are considered. 

e) Legal requirements and other 

requirements are reviewed at 

defined intervals. This Legislation 

was described in Chapter 4, 

subchapters 4.1.2 and 4.3.4.  

To determine the scope and 

limits of the UEP, it is 

recommended to apply the 

following methodology: 

 

1. Establish a level at which you 

want to manage energy, such 

as: 

• Campuses 

• Faculties 

• Offices 

• Branches 

• Buildings 

• Operation 

 

2. Describe and write the 

activities that are carried out 

according to the selected level. 

3. Describe and write the 

location of the activities 

described and/or the energy 

elements that make up each of 

the selected activities. 

To establish and implement 

the UEP it is necessary to 

analyze the current activities of 

the UASLP and compare them 

with the reference 

requirements found in the ISO 

standard 50001: 2018.  

 

It is about planning the 

integration and interaction of 

the requirements of the 

standard ISO with the routine 

operations of the organization, 

so it will include personnel, 

time, and resources. 

 

The Agenda Ambiental aims to 

establish, implement, 

maintain, and continuously 

improve the UEP, including the 

necessary processes and their 

interactions, as well as the 

continuous improvement of its 

energy performance, under 

the requirements of the ISO 

50001: 2018 standard, with the 
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5. Leadership 

 5.1. Leadership and commitment 5.2. Energetic policy 
5.3. Roles, responsibilities, and authorities 

in the organization 

Elements 
The top management "Led by Rectory" in this case, 

demonstrates its leadership and its commitment 

The Top Management establishes its 

commitment to improving energy 

The Top Management with help of Agenda 

Ambiental ensures that the functions, 

Internal factors refer to those that 

are within the physical limits of the 

UASLP and concentrate activities, 

such as: 

• The staff and their skills. 

• Organizational culture. 

• Strategic planning and 

organizational management. 

• Mission and vision of the UASLP. 

• The technology used and the 

level of productivity.  

help of the following matrix of 

guidelines.  

Annexes 

(A) 
A-01 and A-01b 

A-01, A-01b 

A-12, A-12b 

A-04 

A-10 

This document will be the 

guideline to establish an 

EnMS called UEP.  

Actors 

involved 
All stakeholders All stakeholders Internal Stakeholders All stakeholders 

Scope 

To understand the UASLP context 

both the Stakeholders analysis was 

performed, and chapter 4 UASLP 

study case was developed. The risk 

analysis is just marked as a 

guideline format for further studies 

due to the limits of this work. 

To understand the UASLP 

context both the Stakeholders 

analysis was performed, and in 

Chapter 4, the UASLP study 

case was developed. The risk 

analysis is just marked as a 

guideline format for further 

studies due to the limits of this 

work. 

To describe the energy activities 

and their locations (points 2 and 

3 of this matrix) within the 

UASLP, the only available was 

to implement an online Survey 

based on the UASLP community 

“Energy habits” A-10.  A-04 

format is the guideline 

information for further 

implementation.   

This document will help to 

establish the guidelines, 

procedures, and documents 

necessary to implement the 

UEP within the UASLP. 
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regarding the continuous improvement of its energy 

performance and the effectiveness of its UEP. For 

this is needed: 

 

a) Ensure that the scope and limit of the UEP is 

established through the format to determine the 

scope and limit of the UEP A-04; 

b) Ensure that the energy policy A-14 is established 

and in requirement 5.2, the energy objectives and 

goals in the procedure for energy planning A-18, 

being compatible with the strategic direction of the 

UASLP. 

c) Ensure the integration of the UEP requirements 

in the UASLP educational processes; 

d) Ensure that action plans are approved and 

implemented through the procedure for energy 

planning A-18. 

e) Ensure that the necessary resources are 

available; 

f) Communicating the importance of effective 

energy management and compliance with UEP 

requirements, through the communication 

procedure A-19 and A-19b; 

g) Ensure that its intended results are achieved; 

h) Promoting continuous improvement of energy 

performance and UEP; 

i) Ensure the formation of an energy management 

team, this work will propose that team as "Energy 

Commission", the organization chart of the energy 

management team A-13; 

j) Direct and support people to contribute to the 

effectiveness of the UEP and the improvement of 

energy performance. 

performance and defines the Energy 

Policy under the requirements of the 

ISO 50001: 2018 standard, ensuring 

that: 

 

This policy is communicated to the 

entire UASLP community and is 

available to the public through the 

official university website and official 

pages of each faculty or academic 

entity, 

responsibilities, and authority of the UEP 

are defined, documented, and 

communicated within the UASLP, and thus 

facilitate effective energy management, 

according to the Stakeholder analysis A-12 

and A-12b. 

 

The Top management must assign to the 

Energy Commission the responsibility and 

authority to: 

 

a) Ensuring that the UEP is established, 

implemented, maintained, and continually 

improved; 

b) Ensure that the UEP conforms to the 

requirements of ISO 50001: 2018; 

c) Implements action plans to continuously 

improve energy performance; 

d) Present reports on the performance of the 

UEP and the continuous improvement of 

energy performance to top management at 

defined intervals; 

e) Establish the criteria and methods 

necessary to ensure that the operation and 

control of the UEP are effective.  
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k) Support other pertinent functions of the Rectory 

to demonstrate their leadership as applicable to 

their areas of responsibility. 

l) Ensure that the EnPIs adequately represent 

energy performance through the procedure for 

energy planning A-18; 

m) Ensure that processes are established and 

implemented to identify and deal with changes that 

affect the UASLP and energy performance within 

the scope and limits of the UEP.  

Annexes 

(A) 
A-04, A-13, A-14, A-18, A-19 and A-19b A-14  A-12, A-12b and A-13  

Actors 

involved 
Top Management of UASLP, Rectory, Agenda Ambiental, Energy Commission 

Scope 

In this section, as administrative responsibilities of 

Top management and rectory, this work will only 

give the guidelines (in the form of documents) for its 

implementation.   

This section contains the guideline that 

refers to the Energy Policy document. 

In this section, as administrative 

responsibilities of Top management and 

rectory, this work will only give the 

guidelines for its further implementation.  

  

  6. Planning 

  

6.1. Actions to 

address risks and 

opportunities 

6.2. Objectives, energy 

goals, and planning to 

achieve them 

6.3. Energy review 

6.4. Energy 

performance 

indicators 

6.5. Energy 

baseline 

6.6. Planning for 

energy data 

collection 

Elements 

The UASLP 

through the UEP 

and the procedure 

for risk 

management A-01 

and A-01b before 

The UASLP establishes 

energy goals, as well as 

its energy objective for 

the relevant functions and 

levels, through the 

procedure for energy 

planning A-18. 

The UASLP develops, 

records, and maintains an 

energy performance 

diagnosis using the 

results of the UEP. It 

documents the 

methodology and criteria 

The UEP 

determines that 

EnPIs are 

appropriate for 

measuring and 

monitoring its 

energy 

The UEP 

establishes an 

energy baseline 

EnBL, through 

the information 

of the initial 

energy 

 

In perspective, the 

UASLP must define 

and implement an 

energy data collection 

plan appropriate to its 

size, its complexity, its 
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its implementation 

must: 

 

• Ensure that the 

UEP can 

achieve its 

intended results, 

including 

improved energy 

performance; 

• Prevent or 

reduce the 

effects 

concerned; 

• Achieve 

continuous 

improvement of 

UEP and energy 

performance.  

 

The UASLP must 

plan: 

 

a) Actions to deal 

with risks and 

opportunities 

b) The way to 

integrate and 

implement the 

actions in the UEP 

and the energy 

performance 

processes, as well 

The energy objective and 

goals of the UASLP are 

consistent with its energy 

policy, being measurable, 

considering the applicable 

requirements, and 

considering its SEnU, as 

well as the opportunities 

for energy performance, 

UEP Manual being the 

object monitoring, 

communicating, and 

updating as appropriate. 

• The UASLP plans the 

way to achieve its energy 

objective and goals, 

establishing and 

maintaining action plans 

including: 

• The goals to achieve the 

objective. 

• The activities planned to 

achieve the goals. 

• The assignment of 

authority and 

responsibility. 

• The means considered 

in the Annual 

Operational Program 

(AOP); and the 

anticipated timetable for 

achieving those 

objectives and goals. 

used to develop the 

energy review through the 

Procedure for energy 

planning A-18 with the 

following actions. 

 

This document: analyzes 

the use and consumption 

of energy based on the 

survey of energy habits, 

inventories, and total 

energy consumption of 

the UASLP, identifying the 

present types of energy, 

as well as evaluating the 

past and present use and 

consumption of energy. 

It is based on the use and 

consumption of energy, 

identifying the significant 

uses of energy, 

determining the relevant 

variables, current energy 

performance, and 

identifying the people who 

work under the control 

that influences or affects 

the SEnU. 

Determine, prioritize, and 

record opportunities to 

improve energy 

performance, as well as 

estimate energy use. 

performance, 

allowing the 

UASLP to 

demonstrate the 

improvement of 

its energy 

performance in 

the future.  

 

The proposed 

methodology to 

determine and 

update the EnPIs 

must be 

documented and 

updated 

annually, 

through the 

procedure for 

energy planning 

A-18.  

performance 

diagnosis and 

considering a 

period for data 

collection 

appropriate to 

the use and 

consumption of 

the energy of 

the UASLP. For 

this work, the 

periods 2019 – 

2020 were 

chosen, 

because they 

are the ones 

with the full data 

to compare. 

 

In perspective, 

the baseline 

must be 

maintained and 

recorded using 

the procedure 

for energy 

planning A-18.  

measurement, and 

monitoring equipment. 

 

The plan should 

specify the data 

needed to track key 

characteristics and 

establish the manner 

and frequency with 

which the data should 

be collected and kept 

using the A-18 Energy 

Planning Procedure. 

 

The data to be 

collected should 

include: 

a) The relevant 

variables for the 

SEnU; 

b) Energy 

consumption related to 

UASLP; 

c) Operational criteria 

related to SEnU;  
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as to evaluate the 

effectiveness of 

these actions. 

• The control and 

monitoring through 

review periods, 

responsible for carrying 

out  

The UASLP must update 

the energy performance 

diagnosis annually, in 

response to major 

changes in facilities, 

equipment, systems, or 

processes.  

Documents 

and Annexes 

(A) 

A-01 and A-01b 

A-18 

It is suggested to develop 

an Annual Operational 

Program (AOP). 

A-09, A-10, A-18; 

Inventories, of equipment 

and UASLP Energy 

Consumption per Year. 

A-09, A-10, A-

18; Inventories, 

of equipment 

and UASLP 

Energy 

Consumption 

per Year. 

A-18 and 

UASLP Energy 

Consumption 

per Year. 

A-09, A-10, A-18; 

Inventories, of 

equipment and 

UASLP Energy 

Consumption per 

Year. 

Actors 

involved 

Top Management 

of UASLP, 

Rectory, Agenda 

Ambiental, Energy 

Commission 

Top Management of 

UASLP, Rectory, Agenda 

Ambiental, Energy 

Commission 

Top Management of 

UASLP, Rectory, Agenda 

Ambiental, Energy 

Commission 

All Internal 

Stakeholders 

must collaborate 

Top 

Management of 

UASLP, 

Rectory, 

Agenda 

Ambiental, 

Energy 

Commission 

All Internal 

Stakeholders must 

collaborate hand by 

hand with CFE 

(External 

Stakeholder). 

Scope 

In this section, as 

administrative 

responsibilities of 

Top management 

and rectory, this 

work will only give 

the guidelines (in 

the form of 

documents) for its 

implementation. 

Due to the scope of this 

work, for this point of the 

ISO 50001 reference 

standard, only the energy 

indicators of the UASLP 

are defined, through the 

collection of consumption 

data. These results are 

found in this document in 

the results section. 

Due to the scope of this 

work, this work analyzes 

the use and consumption 

of energy identifying 

present types of energy, 

as well as evaluating past 

and present energy use 

and consumption. These 

results are found in this 

document in the results 

section. 

Due to the scope 

of this work, for 

this point of the 

ISO 50001 

reference 

standard, only 

the energy 

indicators of the 

UASLP are 

defined, through 

the collection of 

The present 

work considers 

as EnBL, the 

total energy 

consumption of 

the UASLP for 

the years 2019-

2020, as well as 

its expenses in 

$ MXN. See in 

Due to data limitations 

in this study, it is 

ensured that the key 

characteristics of the 

UASLP that affect its 

energy performance 

were identified, 

measured, and 

analyzed at planned 

intervals, by 

conducting an energy 
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consumption 

data. These 

results are found 

in this document 

in the results 

section. 

the results 

section. 

habits survey, 

compiling inventories. 

and total energy 

consumption.  

 

 
 

6.3.2 DO 

 
7. Support 

 

7.1. Resources 7.2. Competence 7.3. Awareness 7.4. Communication 7.5. Documented information 

Elements 

For this section, the 

UASLP must ensure 

that it determines 

and provides the 

necessary resources 

to establish, 

implement, maintain, 

and continuously 

improve the energy 

performance of its 

University Energy 

Program through the 

budget allocation in 

an Annual 

Operational Program 

(AOP).  

 

The UASLP must 

determine the 

necessary competence 

of the people who study 

and work under its 

control that affect their 

energy performance 

and the UEP, as well as 

ensure that these 

people have the 

competence based on 

their education, training, 

skills, or appropriate 

experiences. 

 

When these proceeds, 

actions must be taken to 

acquire the necessary 

The UASLP should 

ensure that people 

who carry out 

studies or work 

under the control of 

the organization are 

aware of the energy 

policy and their 

contributions to the 

effectiveness of the 

UEP. 

 

This must include 

the achievement of 

energy objectives 

and targets, and the 

benefits of improved 

energy performance, 

The UASLP must establish, 

implement, and maintain the 

communication procedure A-

19 and A-19b, to carry out 

the external and internal 

communication about energy 

aspects (scope and limits, 

Energy Policy, significant 

uses, objectives, energy 

performance, the behavior of 

indicators, etc.), through 

different means, such as 

Website, social networks, 

emails electronic, press, 

radio and/or TV, magazines, 

brochures, brochures, 

posters, printed canvas, 

among others. 

The UEP of the UASLP must 

have the documented information 

required in the ISO 50001: 2018 

standard, as well as the 

documented information that the 

UASLP determines as necessary 

for the effectiveness of the UEP to 

demonstrate the improvement of 

energy performance. 

 

Documented information from the 

UASLP UEP includes: 

 

a) Manual of the Energy 

Management System. 

b) The description of the scope of 

the UEP, described in 

requirement 4.3 of this manual 
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Based on the needs 

of each of the 

Faculties, Academic 

Units, or 

dependencies, to 

determine, provide 

and maintain the 

necessary 

infrastructure 

according to the 

particular conditions 

and available 

resources. 

competence, evaluating 

the effectiveness of the 

actions taken, through 

the competence and 

awareness procedure 

A-20 or the one that 

applies to each Faculty, 

Academic Unit, or Unit, 

retaining appropriate 

documented 

information as evidence 

of competence 

as well as the impact 

of their activities or 

behavior concerning 

energy performance 

and the implications 

of non-compliance 

with the 

requirements of the 

UEP, through the 

procedure of 

competence and 

awareness A-20 or 

the one that applies 

to each Faculty, 

Academic Unit, or 

dependency. 

 

The UASLP must ensure that 

the information 

communicated is consistent 

with the information 

generated within the UEP 

and that it is reliable. 

 

The UASLP must establish 

that any person who works 

and studies on behalf of the 

Institution, can make 

comments or suggestions for 

the improvement of the UEP 

through the suggestion box 

or the means that each entity 

designates, keeping 

documented information. 

and in the format to determine the 

scope and limit of the UEP A-04. 

c) The documented declaration of 

the Energy Policy described in 

requirement 5.2 of this manual, as 

well as in the Energy Policy 

document A-14 and through the 

UASLP portal 

d) Documentation determined by 

the UASLP including the UEP's 

records. 

e) Master list of UEP documents 

A-15. 

f) The records required by the 

UASLP to ensure effective 

planning, operation, and 

processes related to the UEP, are 

found in the A-16 record control 

list. 

g) The UASLP will establish, 

implement, and maintain the A-02 

record control procedure for the 

identification, storage, protection, 

recovery, disposition of the 

records, retention time, and 

disposition of the records. 

Documents 

and Annexes 

(A) 

It is suggested to 

develop an Annual 

Operational 

Program (AOP). 

A-20 A-20 A-19 and A-19b 
 

A-02, A-04, A-14, A-15 and A-16  

Actors 

involved 
Top Management 

All internal 

Stakeholders 
All internal 

Stakeholders 
All Stakeholders All internal Stakeholders 
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Scope 

This section, as administrative responsibility of Top management, Rectory and Agenda Ambiental, this work will only give the 

guidelines for its implementation. 

 

 
8. Operation 

 8.1. Planning and operational control 8.2. Design 8.3. Acquisition 

Elements 

 The UASLP must plan, implement, and control the 

processes, related to UES, necessary to meet the 

requirements and to implement the determined actions: 

 

a) Establishing criteria for processes, including the 

effective operation and maintenance of facilities, 

equipment, systems, and processes that use energy, 

when their absence could lead to significant deviations 

from their anticipated energy performance; 

b) Communicating the criteria to the relevant people who 

use a job or study under the control of the UASLP; 

c) Implementing process control under the criteria, 

including the operation and maintenance of the facilities, 

equipment, systems, and processes that use energy, 

under the established criteria; 

d) Maintaining documented information to the extent 

necessary to ensure that the processes have been carried 

out as planned, through the A-05 operational control 

format. 

In addition, the UASLP must ensure that it controls 

purchases and acquisitions through work instructions for 

making direct purchases A-11. Contractors and suppliers 

are informed about the applicable procedures and 

requirements on SEnU. 

 The UASLP must consider the 

opportunities for improvement, 

the results of energy 

performance, and operational 

control in the design of new, 

modified, or renovated facilities, 

equipment, systems, or 

processes that can have a 

significant impact on its energy 

performance. 

 

The results of the energy 

performance evaluation will be 

incorporated, when appropriate, 

in the procurement activities of 

the relevant projects through the 

A-06 design format. 

 The UASLP must establish and 

implement criteria to evaluate energy 

use, consumption, and efficiency during 

the planned or expected useful life when 

acquiring energy services, products, 

equipment, and services that use energy 

and that have a significant impact on the 

energy performance herself. 

 

When acquiring products, equipment, 

and services that use energy and that 

have an impact on the SEnU, the UASLP 

must inform the suppliers that the 

purchases will be evaluated based on 

energy performance to make a decision, 

which is established in the work 

instructions for making direct purchases 

A-11 or to the one that applies to each 

Faculty, Academic Unit or dependency. 

Annexes A-05 and A-11 A-06 A-11 
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Actors 

involved 
Top management, department of acquisitions, and all Internal Stakeholders 

Scope 
This section, as administrative responsibility of Top management and rectory, this work will only give the guidelines for its 

implementation. 

 

 

 
6.3.3 CHECK 

 9. Performance Evaluation 

 
*9.1. Monitoring, measurement, 

analysis, and evaluation of energy 

performance and the UEP 

9.2. Internal audit 9.3. Management review 

Elements 

As a first step, the UASLP must 

implement and maintain the monitoring 

and measurement of the key 

characteristics of the operations that 

will allow determining the current 

energy performance, in addition, they 

are monitored and analyzed regularly 

through the implementation of the UEP 

in the procedure for energy planning A-

18 where; 

 

1) The effectiveness of action plans to 

achieve energy goals and objectives; 

2) The EnPIs; 

3) The operation of the SEnU; 

4) Real consumption versus expected; 

The methods of monitoring, 

measurement, analysis, and 

evaluation, as appropriate, are carried 

The UASLP, through the Energy 

Commission, will ensure that the 

internal audits of the UEP are carried 

out at planned intervals, to: 

 

a) Improvement in energy 

performance; 

b) It complies with: 

• The organization's 

requirements for the UEP; 

• Energy policy, energy 

objectives, and targets. 

• The requirements of the 

international standard ISO 

50001: 2018 

c) It is being implemented effectively 

and is being effectively maintained. 

 

The Top Management-Rectory will review the 

performance of the UEP at least once a year, applying 

the management review format A-08, to ensure its 

convenience, adequacy, and continued effectiveness. 

 

The review by the UASLP Rectory of the UASLP will 

consider: 

a) The status of the actions of the previous reviews by 

the management; 

b) Changes in internal and external issues, associated 

risks, and opportunities relevant to the UEP; 

c) Information on the performance of the UEP, including 

trends in: 

1. Non-conformities and corrective actions; 

2. Results of monitoring and measurements; 

3. Results of the audits; 

4. Results of the evaluation of compliance with 

legal requirements and other requirements; 
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out on a semi-annual basis, as well as 

the evaluation of the results of 

monitoring and measurement. 

 

The energy performance was 

evaluated in this work (results section) 

by comparing the values of the EnPIs 

with those corresponding to the EnBL. 

The prospective UASLP should 

investigate significant deviations in 

energy performance and respond to 

them, retaining documented 

information on the investigation results 

and the response. 

 

The UASLP every six months shall 

evaluate its compliance with the legal 

requirements and other requirements 

through the Format to identify legal 

requirements and other A-07 

requirements, where it is determined 

how these requirements apply to the 

use of energy, to the energy 

consumption, energy efficiency, and 

UEP. 

The UASLP will plan, establish, 

implement, and maintain audit 

programs, taking into account the 

efficient use of energy in the 

operations involved and the results of 

the previous audits, through the 

operation of the internal auditing 

procedure A-03. 

The selection of the auditors and the 

performance of the audits ensure the 

objectivity and impartiality of the audit 

process. 

The records of the results of the audits 

will be kept, informing Top 

management. 

 

The documented information will be 

kept as evidence of the execution of 

the audit program and its results, 

through the audit report. 

d) Opportunities for continuous improvement, including 

those related to competition; 

e) Energy policy. 

 

The outputs of the Top Management-Rectory Review 

should include decisions related to continuous 

improvement opportunities and any changes to the 

UEP, including: 

 

a) Opportunities for improving energy performance; 

b) Energy policy; 

c) The EnPIs or the EnBL; 

d) The objectives, energy goals, action plans, or other 

elements of the UEP and the actions to be taken if they 

are not achieved; 

e) Opportunities to improve integration with business 

processes; 

f) The allocation of resources; 

g) Improving competition, taking consequences, and 

communication. 

The elements of energy performance inputs for the 

Rectory Review are established in the ISO 50001: 2018 

standard. 

Annexes (A) 
A-18 for the Energy Planning 

A-07 for Legal Requirements 
A-03 Internal Auditing Procedure A-08 

Actors 

involved 

Top Management of UASLP, Rectory, 

Agenda Ambiental, Energy 

Commission 

Top Management of UASLP, Rectory, 

Agenda Ambiental, Energy 

Commission 

Top Management of UASLP, Rectory, Agenda 

Ambiental, Energy Commission 

Scope 

The results presented in this work 

focused on identifying the key 

characteristics to determine the current 

This section, as administrative 

responsibility of Top management, 

Rectory and Agenda Ambiental, this 

This section, as administrative responsibility of Top 

management, Rectory and Agenda Ambiental, this 

work will only give the guidelines for its implementation. 
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energy performance situation of the 

UASLP. These were determined 

through energy inventories, the 

"UASLP energy habits" survey A-10 

and total energy consumption for the 

years 2019-2020. Based on these, the 

UASLP will be able to investigate 

energy performance through the 

implementation of the UEP in the 

future. 

work will only give the guidelines for its 

implementation. 

 

* Key step to begin implementation of the UEP. This must be done before all the other activities are proposed in this methodology, so this work focuses on leaving 

the milestones for later implementation. 
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6.3.4 ACT 

 
10. Improvement 

 10.1. Non-conformity and corrective actions 10.2. Continuous improvement 

Elements 

The UASLP shall identify the non-conformities of the UEP, 

determining their cause, and taking actions to mitigate their impacts 

through the Corrective Action Procedure for non-conformities A-17. 

Records of the results of such actions will be kept. 

The UASLP shall continually improve the convenience, education, 

and effectiveness of the UEP. The UASLP shall demonstrate 

continuous improvement of energy performance. 

Documents 

and 

Annexes (A) 

A-17 With all the documents described in this procedure 

Actors 

involved 

Top Management of UASLP, Rectory, Agenda Ambiental, Energy 

Commission 
All Internal Stakeholders 

Comments 
This section, as administrative responsibility of Top management, Rectory and Agenda Ambiental, this work will only give the 

guidelines for its implementation.  
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6.4 Documents required for the implementation of UEP 

 

Following the procedures mentioned in the previous chapter 6.3, below in Table 15 the 

documents, procedures, checklists, Survey, and Stakeholder’s analysis that are contained 

in the Annexes, together with the procedures of Chapter 6.3, conform to the core documents 

that make the guidelines for the implementation of the University Energy Program (UEP), 

and they now are listed. 

 

Table  15. Documents required to implement the UEP under ISO 50001 scheme 

Code Name  

A-01 Risk Management Procedure 

A-01b Analysis of the context of the Organization "PESTEL" 

A-02 Procedure for the Control of Records 

A-03 Procedure for the realization of Internal Audits 

A-04 Format to determine the Scope and Limits of the UEP 

A-05 Operational Controls Matrix 

A-06 Format for design, modification and renovation 

A-07 Format to Identify Legal and other Requirements 

A-08 Format for the Results of the Top Management Review 

A-09 Master list of Equipment and Lighting Inventory of the UEP 

A-10 Questionnaire of the Survey "Energy Habits UASLP" 

A-11 Instructive of work for Direct Purchases 

A-12 UASLP Stakeholders Analysis 

A-12b UASLP Stakeholders Mapping 

A-13 Organizational chart for the Energy Commission 

A-14 UASLP Energy Policy 

A-15 Master list of controlled documents of the UEP 

A-16 Master list of controlled records of the UEP 

A-17 Procedure for Corrective Actions 

A-18 Procedure for the Energy Planning 

A-19 Communication Procedure of the UEP 

A-19b Communication Binnacle of the UEP 

A-20 Competence and Awareness Procedure 

 

6.4.1 The necessity for an Energy Database 

 

Before the implementation of the UEP, the fundamental step to do so is to have the 

evaluation of the energy performance of the UEP, this must contain the data and information 

to evaluate the level of implementation and permeability that the management activities have 

had in the processes of the organization, to compare the activities and the results obtained 

according to what was planned and executed. 
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A continuous evaluation system allows timely identification of energy deviations and takes 

the necessary actions to ensure compliance with the energy objectives and goals 

established by the UASLP. A continuous evaluation system makes it possible to identify 

energy deviations promptly and carry out the necessary actions to ensure compliance with 

the energy objectives and goals established by the organization. 

It is necessary that the organization, through the energy management team, with the 

authorization of top management, define: 

a. The key characteristics and criteria for measuring, monitoring, and evaluating the 

effectiveness of action plans, EnPIs, SEnU operation, and actual versus expected 

consumption. These points should be considered within the energy data collection 

plan. 

b. The measurement methods, evaluation of the energy data to ensure the traceability 

and repeatability of the results, also includes the issue of competence of the personnel 

involved in obtaining and analyzing them. 

c. The periods in which the monitoring and measurement of energy data are necessary, 

which may be influenced by factors such as variations caused by different ways of 

operating the facilities, fluctuations in energy consumption due to variation in the 

equipment or production, signs of equipment failure, and occupancy levels. 

d. The times in which the monitoring and measurement results are analyzed and 

evaluated, including the comparison of the actual energy performance against the 

previously normalized energy baseline. 

 

6.5  Limitations of the UEP 

 

The level of maturity of the UEP that corresponds to the degree of integration of the EnMS 

with the daily activities of the UASLP is at level 1, which is the establishment or intention of, 

but it is intended in the future to reach a level 4, where the system has been fully adopted in 

the organization. 

An appropriate level to receive an initial audit for a certification process is at level 2, 

Integrated. 

Level 1, Defined: Integrating an Energy Management System is contemplated. You can 

have elements of an EnMS already deployed. It has an unstructured or informal approach. 

Few participants in energy management with limited or no tools. The system framework is 

structured, and the first management commitments are generated. 

In addition to the level of maturity of the EnMS, the present work presents the limitation that 

the energy indicators were established for the entire university in general, however, the 

university has campuses and academic entities with different conditions. It has the 

infrastructure and new buildings, as well as buildings that are several years old. In addition, 

the different campuses and academic entities are under different types of climate and 
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climatic conditions, which is why the energy performance is different. For the practical 

reasons of this work, the conditions were homogenized. 

Within the UASLP there are still no measurement methods, evaluation of energy data. For 

the present work, the traceability and repeatability of the results cannot be ensured, in 

addition to the issue that at the moment there is no specialized team that has competencies 

and is involved in obtaining and analyzing them. 

 

6.6  Suggestions and Recommendations – further work 

 

According to ISO 50001: 2018 (Flores Díaz, Escobar Pineda and Espinosa Flores, 2016), 

the implementation of the UEP requires commitment and time of dedication to the project by 

the UASLP. It also requires allocating human resources and financial resources to it. It is 

about incorporating the topic of energy in daily conversations and the decision-making 

process. 

It is easy to express interest, however, top management must demonstrate its commitment 

to supporting the UEP and its continuous improvement. In this sense, some of the basic 

responsibilities of Top Management are: 

 

Support and participate in: 

• The creation, implementation, and communication of an energy policy. 

• Approval of an energy management team (Energy Commission). 

• Decision-making for the improvement of the UEP and energy performance. 

• Incorporating energy performance as long-term planning. 

• Compliance with UEP requirements. 

 

Ensure: 

• The establishment of energy objectives and goals. 

• The quality and relevance of the Energy Performance Indicators (EnPIs) for the 

UASLP. 

• Measurement and communication of UEP results at specified intervals. 

 

Appoint: 

• An Energy Commission with the authority and powers for the implementation, 

maintenance, and improvement of the UEP and energy performance. 
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Supply: 

• The resources required for each of the stages of the UEP are described below and 

for the improvement of energy performance. 

• These include human, technological and financial resources in addition to 

specialized skills. 

 

Carryout: 

• Reviews by Top Management. 

• The existence of a UEP without the necessary level of commitment is not enough to 

guarantee improvements. 

• Top management, their interest, and commitment are the example for the rest of the 

organization to follow. It is key that the importance of the EnMS is adopted and 

integrated into the philosophy of the UASLP so that it permeates all levels. 

• Top management must make sure of this and will do so only if they believe in the 

project, otherwise, the UEP will only remain at a documentary level, without being 

able to integrate it into daily work practices. 

The time to establish and implement the UEP will depend entirely on the UASLP and its 

context, the degree of interest, and personnel involved, it can take from a few months (4 

to 8) to years to reach an innovative level of maturity. 

Since there is still no single methodology to implement an EnMS, it is proposed to start 

with training on the requirements of the ISO 50001 standard to the people who will 

oversee implementing this program, to carry out the tasks on continuous improvement 

of energy performance. 

It must begin with commitment, and it begins at any level of the UASLP (From the 

Agenda Ambiental to Top Management); what is necessary is to create an 

implementation plan with times and responsibilities. The basic resources to implement it 

include the time of the staff to carry out the activities and material necessary to measure 

the current energy performance. 

The cost of implementation depends on the UASLP and the need to use internal or 

external resources, which leads to a large variation; The basic costs that can be 

considered include elements such as the training of personnel, the elaboration of an 

energy diagnosis, and the hiring of a consultant (internal or external) to assume the 

leadership or just what accompaniment to the process. 

To train students and staff, one of the requirements is competence, where it is necessary 

to identify training needs, so that only during the activity will the number of people that 

need to be trained and in what subjects be obtained as a result. 
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7 Conclusions and outlooks 

 

With what is mentioned in this work, we can conclude based on the objectives set. 

In accordance with the General Objective, this work established a workable map that will 

serve as a pioneering study for the creation of the University Energy Program. Within the 

workable-map, step-by-step guidelines were established to promote correct practices in the 

use of energy, achieve energy efficiency, have sustainable urban mobility, and finally reach 

the goal of being a Sustainable University under the ISO 50001:2018 standard and that in 

turn, complies with the SDGs proposed by the United Nations. 

In addition, the specific objectives were met as follows: 

- The energy context of the UASLP was identified. First, the possible stakeholders in 

the implementation of the UEP were identified, three main groups of potential 

stakeholders were identified (both internal and external), the University was identified 

as decision-maker and owner of the resources, the Collaborators were also 

identified, and finally to potential collaborators. 

Second, electrical appliances and lighting were identified as the main challenge for the 

university if it wants to improve energy efficiency. Contrary to what was initially thought, 

office appliances and fluorescent lighting are the most efficient consumers of electricity for 

longer periods of time. Regarding mobility, it was identified that most of the people who 

move to the UASLP do so in their own car (a single person), so it is extremely important to 

give more importance to programs such as UNIBici, to shared use of automobiles 

(Carpooling) or that the University implements a system with transportation routes for staff 

and students since it has transportation vehicles. In addition, it was identified that the 

greatest amount of travel hours for university subjects is done in cars and are short work 

trips, it is proposed that this type of trips be made in a longer period of time to reduce mobility, 

that is, put two or three trips together in one. 

- An energy review was carried out according to the Significant Energy Uses (SEnUs) 

identified with information from the energy context of the UASLP. 

In this energy review, it was found that the most important SEnUs within the University are 

the consumption of electrical energy by electrical appliances and lighting and the energy 

consumption due to mobility. In addition to the SEnUs, some Energy Performance Indicators 

(EnPIs) were identified, these were classified into: Electrical appliances, Artificial lighting, 

Transportation, and Energy Consumption. Finally, the Energy Base Line (EnBL) of the 

UASLP for the 2019-2020 period was identified. The period was chosen based on the 

available data and the EnBL for the University showed-up that energy consumption for the 

2020 period in comparison with 2019 decreased considerably (as expected), thanks to the 

pause in face-to-face activities due to the present COVID-19 pandemic, which caused 

saving of almost 10 million pesos and 2,000 tCO2e to the University in that year. 
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-  Once the energy context of the UASLP is known and the energy review has been 

carried out, the requirements that are needed for the design of the UEP were 

determined under the guidelines of the international standard ISO 50001: 2018. 

Once the energy context of the UASLP is known and the energy review has been carried 

out, the requirements that need to be followed for the design of the UEP under the guidelines 

of the international standard ISO 50001: 2018 were determined. 

According to the standard, it is necessary to have all the elements of the PDCA continuous 

improvement cycle to design an EnMS (UEP), so based on the pilot study carried out in the 

present work, it was found that the Planning phase also needs to define the leadership of 

the UASLP through roles and responsibilities, as well as an energy policy. For the Do phase, 

it is necessary to have the support of financial resources, communication, documented 

information, as well as competence and awareness about the use of energy. For the Check 

phase, it is necessary to carry out energy performance evaluations through monitoring, 

measurement, analysis, reviews, and internal auditing. This Check phase is extremely 

important because if this phase does not exist, the UEP can never be implemented and be 

functional. 

Finally, the phase that completes the continuous improvement cycle is the Act phase, to 

comply with this it is necessary to carry out continuous improvement actions through 

corrective actions that the internal audits throw in the Check phase. 

- Once the necessary requirements to design the UEP were determined, a Step-by-

step action plan was proposed where the elements to be covered were defined, as 

well as resources to be used for the creation of the UEP. 

For the success of this action plan, it is worth mentioning that both the plan and its tools 

must be adapted according to the conditions of each Campus. Since this work was done in 

a general way, standardizing the conditions for all campuses, faculties, institutes, and 

academic entities of the UASLP. 

This is because the UASLP has 8 different campuses in the state of SLP, and these 

campuses have very different conditions, some are located in the Huasteca area of the state 

where the temperature and humidity most of the year are very high, in addition to almost no 

wind. Other campuses are in the middle zone where the humidity is very low, the solar 

incidence is high and the wind gusts too. In addition, some of its campuses are located in 

areas considered "rural" and are small in size and population, so their energy consumption 

can be much lower compared to the campuses that are in the state capital and that have a 

university community too large. In turn, some of its campuses, institutes, or entities are 

practically new in age (such as the pedregal campus) and others are very old (such as the 

Poniente University Zone). 

Many of these tools (Chapter 9 - Annexes) were only designed as guidelines because the 

scope of this work is not to complete them all. The justification available is due to the fact 

that this work is a pilot study, so there are currently data limitations, technical limitations, 

and that there is also no expertise in energy management systems. As mentioned in Chapter 
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6.1 and thanks to the scope of this work, some tools were completely made, others were 

partially completed, and others need to be done from scratch to implement the UEP. 

When the tools proposed in this work are adapted to the conditions of each place, an efficient 

and effective UEP can be implemented that will allow the UASLP to achieve its energy 

efficiency goal. 

- As a perspective for the potential implementation of the UEP within the University, 

this paper proposes to follow the example of the success stories of other universities 

around the world and take them as a precedent in university energy planning.  

For example, the case of the UNSW University in Sydney, which has an emissions inventory 

system, and 100% of the electricity it uses comes from renewable sources. The case of 

Stanford University in California, which has a 5.8 MW on-campus photovoltaic plant and has 

a fleet of electric transport vehicles (buses and cars) to transport its personnel. Finally, the 

example of the University of Calabria in Italy, which renewed its entire artificial lighting 

system with an automated LED system that is managed through intelligent software with 

sensors, which has significantly reduced its energy consumption by 60%, consequently its 

CO2 emissions and your energy budget. 

In the case of the UASLP, it is specifically proposed first to change all the old luminaires to 

LED luminaires, as well as the formation of an Energy Commission with its respective 

technical team that oversees monitoring the PDCA plan and subsequently implementing the 

UEP. in college. After the implementation and monitoring of the UEP, it is suggested to 

continue with the installation of photovoltaic systems generating renewable energy on-

campus and add them as an energy performance indicator EnPI to the UEP, to follow the 

example of Stanford University in California or UNSW in Sidney. 

It is important to mention that this work suggests making changes that do not require a lot 

of technology to achieve energy efficiency first, such as raising awareness of staff, moving 

an LED lighting system, using as much solar lighting as possible, sustainable construction 

in the case of new campuses and the use of emission-free means of transport. 

Once the UEP is implemented, functioning adequately and these non-technological changes 

are fulfilled, now if in perspective, with the saved budget, technological solutions such as 

those seen in successful cases around the world can be implemented. 
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9 Annexes 

 

In this section you will find complete documents with the information, others partially completed, 

and others that need to be completed in the future if the UEP is to be implemented. The information 

on the status of the annexes is found in the traffic light in Figure 38 - Chapter 6.1. 

Some of the annexes, present explanatory, and educational examples of how they should be filled 

in in the future, so it is only information as "mocking". 

This does not mean that the information found in "blue letters" in the annexes: 5, 6, 7, 8, 15, 16, 

and 19b; is absolute information that should be indispensable when trying to create the University 

Energy Program (UEP), since all information is subject to change and must be weighted according 

to the criteria of the Energy Commission and the group of experts that direct this Management 

System. 
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9.1 Annex 1: Risk Management Procedure, A-01 
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9.1.1 Annex 1b: Analysis of the context of the Organization "PESTEL", A-01b  
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9.2  Annex 2: Procedure for the Control of Records, A-02 
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9.3  Annex 3: Procedure for the realization of Internal Audits, A-03  
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9.4  Annex 4: Format to determine the Scope and Limits of the UEP, A-04 
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9.5  Annex 5: Operational Controls Matrix, A-05 
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9.6  Annex 6: Format for design, modification and renovation, A-06 
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9.7  Annex 7: Format to Identify Legal and other Requirements, A-07 
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9.8  Annex 8: Format for the Results of the Top Management Review, A-08 
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9.9  Annex 9: Master list of Equipment and Lighting Inventory of the UEP, A-09 
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9.10 Annex 10: Survey "Energy Habits UASLP", A-10 
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9.11 Annex 11: Instructive of work for Direct Purchases, A-11 
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9.12 Annex 12: UASLP Stakeholders Analysis, A-12 
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9.12.1  Annex 12b: UASLP Stakeholders Mapping, A-12b 
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9.13 Annex 13: Organizational chart for the Energy Commission, A-13 
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9.14 Annex 14: UASLP Energy Policy, A-14 
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9.15 Annex 15: Master list of controlled documents of the UEP, A-15 
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9.16 Annex 16: Master list of controlled records of the UEP, A-16 
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9.17 Annex 17: Procedure for Corrective Actions, A-17 
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9.18 Annex 18: Procedure for the Energy Planning, A-18 
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9.19 Annex 19: Communication Procedure of the UEP, A-19 
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9.19.1 Annex 19b: Communication Binnacle of the UEP, A-19b 
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9.20 Annex 20: Competence and Awareness Procedure, A-20 
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