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Data Analytics for Smart Grid Efficiency in 
GDL Smart City Pilot 

Gómez García, M. Mónica, Gómez-Barba Leopoldo 

Abstract — One of the most interesting issues in a Smart City environment is the optimal use of electrical energy. Develop an 

implementation of a Smart Grid for a city is an exhaustive task: it is important to have smart meters to obtain and analyze 

measurements and to know what to do with that information. Monitoring by metric may be the best way to determine the correct 

decisions. Moving from sparse measurement to near real-time measurement results in a huge increase in the amount of data to 

be analyzed. This project proposes the initial steps to address this challenge through possible Big Data strategies, using as a 

case study the analysis of consumption on a University campus and considering the information and historical data according to 

the measurements taken by the service provider. 

Index Terms—Big Data, Smart Grid, Smart Cities, electric energy, sustainability 
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1 INTRODUCTION

he smart city concept is a new trending topic that lacks 
a unique defined description and scope because of the 

novelty of the conception; however, the authors and com-
panies that address this trend agree regarding the imple-
mentation of information technologies in all walks of life to 
improve the quality of life and effective integration of 
smart planning ideas and to perform intelligent manage-
ment of available resources, construction models, man-
agement methods and development approaches, mostly to 
foster a sustainable environment[1]. If a Smart City is a 
sustainable city, then infrastructure and environment are 
also key points for Smart City construction, and smart 
urban management and services are mandatory.  

For a Smart City, every available resource must be 
used or consumed in the most “optimal” way to maintain 
sustainability and avoid waste. The use of non-renewable 
resources as fossil fuels to produce energy is a double-
edged sword because although Mexico is an oil producer, 
burning oil to produce energy has a negative impact on 
the environment due to the pollution that is emitted dur-
ing the process. 

Some structural aspects as well as usages and habits 
must also be considered when aiming to improve energy 
usage. The design and infrastructure of public and private 
buildings become points of interest because of their abil-
ity to take advantage of free energy such as the sun or to 
maintain the environment as stably as possible in the 
most comfortable way. 

One of the main objectives of rendering a city smart is 
to improve its sustainability by optimizing the use of its 
resources. To perform improvements, however, it is nec-
essary to understand and be aware of the actual situation 
of the city environment by monitoring performance met-
rics that reveal the city’s administration status in several 

key areas of influence. Only after knowing the metrics 
performance and having sufficient historical data about 
city behavior in any of its impact areas, such as energy, 
transportation, and health, is it possible to implement any 
improvement strategy because the analytics may unveil 
patterns with unknown characteristics in usage or habits 
that can be changed to improve energy usage, for exam-
ple. 

First, it is very useful to deploy a sensing phase to 
gather data about the metric in question and learn 
enough about it. In this case, we are focused on electricity, 
so the best example is the citys energy consumption. A 
desirable solution could be a type of Smart Grid that al-
lows us to improve energy usage, thus minimizing its 
utilization and, hence, the final costs of the area of study. 

For better data management and information extraction, 
we first propose to apply “Big Data” strategies and analyt-
ics to a controlled environment; here, we consider the Cen-
tro Universitario de Ciencias Economico Administrativas 
(CUCEA) campus at the Universidad de Guadalajara, 
which offers us the opportunity to deploy and test the 
benefits of our proposal by identifying key areas. If appro-
priate, this solution can be implemented in Guadalajara 
city. 

2 SMART GRID  

2.1 Smart Grid background 

A Smart Grid uses the latest information and communica-
tion technologies to accommodate renewable energy gen-
eration and a smart metering system structure, demand 
response and distribution network automation, which 
also foster improvements to the operation of the energy 
or power system [2]. 

Information and Communication Technologies (ICT) 
are always changing to improve the efficiency, reliability, 
security and quality of services, thereby expanding the 
universe of possibilities in a well informed and better 
managed environment. 
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A Smart Grid can also be conceived as the transfor-
mation of the current grid using information technologies 
to one that works in a smarter way to facilitate factors 
such as assistance and control, thereby improving the 
efficiency, resiliency against malicious attacks, integration 
of renewable resources and energy storage. 

2.2 Metrics in context 

Bossart and Bean, from the U.S. Department of Energy, 
defined the Metrics and Benefits framework for a Smart 
Grid in their article “Metrics and Benefits Analysis and 
Challenges for Smart Grid Field Projects”[3]. This frame-
works ask several key questions: 

“ What is the technology? 
What does the technology do? 
How does it do that? 
What goodness result? 
What  is the goodness worth? “ 

These questions leverage the feasibility of an analytical 
framework and may establish the basis to deploy and 
assess a smart grid project. As Bossart suggests, it is also 
important to use historical performance as a baseline, 
which can be used to begin proposing improvements and 
compare the benefits achieved by the deployed solution. 
Depending on the quantity of metrics and data gathered, 
it may be necessary to use Big Data-like frameworks or 
strategies. 
Related to metrics as a measurement unit, the most com-
monly used variables that are pertinent to energy meas-
urement include, but are not limited to, watts, time (hrs), 
and cost (price), which have the greatest impact because 
their correlations are susceptible to favorable modifica-
tion and improvement of their behavior through the use 
of analytical processes. 

2.3 Challenges in the Guadalajara Smart Grid 

Ciudad Creativa Digital (CCD) is a large and very im-
portant project for Guadalajara City that was envisioned 
to be deployed through the next 15 years as the start of 
building a Smart City for Smart Citizens. As the concept 
of a Smart City is very new for Mexico, this project repre-
sents a great challenge for the CCD team. 

The very first step, after design studies, is to prepare 
and install smart meters in a suitable way and spread 
throughout the defined area. This presents an immediate 
technical challenge because the reads will go from one 
meter reading per month to one smart meter reading 
every 15 minutes, which works out to 96 million reads per 
day for every million meters. The result is a 3,000-fold 
increase in data, which can be overwhelming if it is not 
properly managed. 

Collecting the appropriate data to analyze is another 
challenge because of the amount of information at this 
point, which may be too large to manage. This data man-
agement is another important challenge. 

Currently, there are usually no smart meters present; 
thus, to obtain historical data as a baseline prior to the 
operation of the Smart Grid technologies, such meters are 
necessary.  

3 SMART GRID CUCEA, GUADALAJARA 

PROPOSAL  

As part of the Smart City implementation, the “smart” 
management of energy is a mandatory action. In associa-
tion with the Smart Cities Innovation Center1 on the 
CUCEA campus, the presented project may apply a 
methodology proposal for the smart management of elec-
tricity for a Smart City, and the case study will be the 
implementation of a “smart building” on this campus.  

The mentioned campus provides a good case study be-
cause it can be considered a mini-city because of the 
number of people it receives every day, near 17,000, and 
the number and size of various available assets such as 
buildings, offices, classrooms, cafeterias, sports areas and 
gardens. 

 
This proposal involves the analysis of large volumes of 

data, "Big Data", from which it is possible to deduce be-
havioral patterns of electrical energy consumption, which 
can provide useful information for decision-making strat-
egies to save energy. The proposal considers some other 
works from renowned companies such as IBM [4], from 
the standards community such as ITU [5], and scientific 
publications [6], as well as the aforementioned, which will 
help identify and assemble the right tools.  

The Smart Cities Innovation Center works on six stra-
tegic areas: Education for Smart Cities, Physically Inter-
connected Infrastructure, Internet of Things, Open Data 
Repository, Analytical and Visualization of Information, 
and Smart Cities Metrics. This proposal project will col-
laborate with the Analytical and Visualization research 
area. This plan can be depicted in a simplified way as in 
Fig. 1. 

 
 

 

1 http://www.cucea.udg.mx/?q=noticia/todo-cucea-ser-laboratorio-de-
ciudad-inteligente 

 

Fig. 1. Smart City innovation Center projects supported by IEEE Smart 
Cities Students grant. 
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 Information analysis is the principal activity for this 
project. Nevertheless, other projects are involved in the 
Smart City Innovation Center, which belongs to the Smart 
Cities Initiative, and are linked to this one. 

This project falls in the category “Energy Consump-
tion Analysis,” which, together with the “Sensor Net-
work,” works on data collection. The other components, 
such as Maps, Visualization, and Interactive Kiosks, work 
in showing information to users to establish a well-
informed environment. 

 

 

3.1 Electric metrics related to charges (case of 
study) 

The Comisión Federal de Electricidad (CFE), a public 
service company, is the main actor in the electric energy 
sector in Mexico. CFE operates by using several types of 
fees depending on the customer type and customer de-
mand with different costs for each one. 

CUCEA is served by CFE with a fee called H-M. This 
fee applies to energy services intended for any use, sup-
plied in medium voltage with a demand of 100 kilowatts 
or more. However, there are some influential factors that 
affect these charges: they are different depending on the 
time of year and time of day. The charges are described 
and shown in tables 1, 2 and 3 (For tables 1 and 2, the 
numbers represent time period - hrs). 

 
Currently, CUCEA lacks smart meters. Thus, we can 

only show the historical monthly consumption of the 
whole campus, as in Fig. 2., where two peaks matching 
the hard-working periods at the campus can be observed, 

and the three lower consumption periods match the holi-
day seasons. These results provide clear visual and logical 
behavior patterns that have a substantial influence on 
energy consumption as well as some insights on 
how/when to begin designing a Smart Grid-like solution. 

4 DISCUSSION AND PERSPECTIVES  

This investigation project is intended to lay the 
groundwork for the metering and smart management of 
electrical power in the Guadalajara Smart City through 
the research conducted in CUCEA as a case study with 
the support of the Smart Cities Innovation Center.  

At this time, obtaining the appropriate historical in-
formation on energy consumption for the case study has 
been the most extensive source of delay in this research. It 
was necessary to contact the staff responsible for the elec-
tric energy payment and request this information, which 
is confidential. 

The next step of this project will be to purchase and in-
stall smart meters to gather sufficient data for analyzing 
energy consumption behavior. 
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Fig. 2. Historical of consumption 2014 and 2015. 

TABLE 2 
AUTUMN – WINTER FEES 

WEEKDAY BASE INTERMEDIATE TOP 

Monday to Friday 0:00 - 6:00 
6:00 - 18:00  

22:00 - 24:00 
18:00 - 22:00 

Saturday 0:00 - 8:00 
8:00 - 19:00 

21:00 - 24:00 
19:00 - 21:00 

Sunday and holidays 0:00 - 18:00 19:00 - 24:00  

The last Sunday in October to the Saturday before the first Sunday in April 

TABLE 1 
SPRING – SUMMER FEES 

WEEKDAY BASE INTERMEDIATE TOP 

Monday to Friday 0:00 - 6:00 
6:00 - 20:00  

22:00 - 24:00 
20:00 - 22:00 

Saturday 0:00 - 7:00 7:00 - 24:00  

Sunday and holidays 0:00 - 19:00 19:00 - 24:00  

The first Sunday in April to the Saturday before the last Sunday in October 

TABLE 3 
CHARGES 

BASE INTERMEDIATE TOP 

$1.86 $0.92 $0.77 

Kilowatt - hour charges (MXN) 
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