Towards a Simulator for Green Smart Campus Systems
Priscila A. Moraes1 , Flávia Pisani2 , Juliana F. Borin1
1
2

Universidade Estadual de Campinas, Campinas, Brazil
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Abstract. The 2030 Agenda for Sustainable Development aims to foster environmental protection, inclusive economic growth, and social inclusion. Universities are called to join this global effort and are expected not only to contribute
with solutions for the sustainability challenges but also provide sustainable
campi. Given this scenario, the main contributions of this paper are threefold:
i) to illustrate how universities could contribute with the 2030 Agenda through
smart campus solutions based on technologies such as Internet of Things, Big
Data, and Cloud Computing; ii) to propose a framework to automatically collect
data to generate and manage sustainability indicators in the university; and iii)
to propose a simulator for green smart campus system which allows an adequate
estimate of the required information and communication infrastructure.

1. Introduction
Sustainability is currently a very relevant topic. It is important to make today’s population
aware that any actions taken to preserve the planet now will directly affect the quality of
life of future generations.
In 2015, the United Nations (UN) met with representatives from several countries
around the world [Nations 2019] and together they defined the 17 “Sustainable Development Goals (SDGs)” [Goals 2019]. These goals are aimed at sustaining the three
pillars [Wu et al. 2018] (economic, social, and environmental) that are encompassed by
sustainability. Figure 1 shows the names of the 17 goals to be achieved by 2030. Each of
these goals has a set of targets, with an overall total of 169 targets and 232 indicators.
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Figure 1. United Nations’ Sustainable Development Goals.

In this context, even though a university’s main goals are connected to research
and education, it can also be an ideal setting for carrying out actions that will contribute
to the environment and to sustainability in general. First, the university is an opinion
maker, and thus plays an important role in raising people’s awareness of the importance
of the topic to society as a whole. Furthermore, there is also the possibility of developing

research and solutions that can directly assist sustainable development and improve the
quality of life of the community.
Therefore, universities must pay attention to how they can contribute directly or
indirectly to achieving UN goals. One way they can work towards this internally is by
implementing green smart campus solutions. A smart campus is one where physical and
virtual spaces interact through the use of intelligent devices [Petcovici and Stroulia 2016],
generating relevant data that, when processed, produce knowledge to support the management and the integration of work, study, and living environments [Enqing et al. 2017]. For
instance, by implementing green smart campus solutions, a university can monitor the use
of its resources (e.g., water and energy) and automatically reduce their consumption.
To provide smart campus solutions that can help achieve the SDGs, it is necessary
to build an entire network of IoT devices capable of communicating with a centralized
system. The devices should be installed in strategic locations where they can collect data
for sustainability metrics. For example, in classrooms or auditoriums, the measurements
can be related to electrical energy consumption, with sensors placed in lamps, air conditioners, and power outlets. We can also measure energy consumption in bathrooms, as
well as the water consumption of faucets, toilets, and showers. In restaurants, we can
measure water and energy consumption, while also placing smart meters in garbage cans
to quantify how much food is wasted and how much is used for composting.
Considering the whole university, we expect that the number of IoT devices that
must be installed and the amount of data they will generate will be very large. Therefore,
several challenges and questions arise, such as: 1) “How much data will all these devices
combined generate;” 2) “How much data will go through a certain point of the network
in an instant of time;” 3) “Will this data traffic cause Internet access to be slow for the
people on campus;” 4) “Will it be necessary to create a dedicated network for the IoT
devices, regardless of which network provides Internet access;” 5) “How much storage
space should be reserved for these data; 6) “Should the storage be local or in the cloud.”
Before installing the measuring devices, it is important to assess all infrastructure
requirements and calculate the budget for the project implementation. In this context, our
work aims at meeting this demand by providing a simulator that considers not only the
university environments and their elements (e.g., rooms, bathrooms, streets, utility poles,
gates, etc.), but also the IoT devices to be installed in each environment. By modeling a
green smart campus system inside the simulator, we intend to characterize the amount of
data generated and how much traffic will exist at each network point.
In this paper, we present our ongoing efforts towards the creation of this simulator
for green smart campus systems. The simulated system will integrate various existing
smart campus solutions and will be capable of automatically collecting, through sensors
and IoT devices, relevant data for the calculation of sustainability metrics. The simulator
will report the amount of traffic and storage used by the system based on information
such as the data collection rates and the geographical location of devices, thus allowing
administrators to determine all the necessary infrastructure requirements before actually
implementing the system in the real world.

2. Related Work
Several technologies have been used to create smart campus solutions. Among them,
the following stand out: Big Data [Hu and Yan 2016, Wei 2016, Yan and Hu 2016];
cloud computing [Guo and Zhang 2015, Zhang and Jiang 2018]; Internet of Things
(IoT) [Arshad et al. 2017, Guo and Zhang 2015, Ivanovski 2015, Majeed and Ali 2018];
Internet and high performance computing [Nie 2013]; virtualization, mobile Internet, and social networks [Hu and Yan 2016]; sensors and common communication
interfaces [Nati et al. 2017]; 6LoWPAN (IPv6 over Low Power Wireless Personal Area
Networks) [Luo 2018]; and RFID (Radio-Frequency Identification) [Kwok 2015].
Moreover, many of the solutions developed to achieve smart campus goals also
have the potential to promote the development of sustainable goals inside of universities. This work only focuses on SDGs that can both be measured by IoT devices and be
directly achieved by a university campus, such as the ones related to the environment. Table 1 maps a set of recent smart campus solutions which use the technologies previously
mentioned to five such SDGs.
Table 1. Correlation between smart campus solutions and SDGs.
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Given the amount of smart campus solutions that can be related to the SDGs, we
see that the university is an environment conducive to the achievement of these UN goals.
Throughout our work, we intend to combine several of these existing solutions to create
a unified green smart campus framework (SDGreen), as is further detailed in Section 3.
It is important to note, however, that the information and communication infrastructure in most universities is not prepared to handle the great amount of data that will be
generated by applications monitoring all of its spaces. One of the strategies widely used
to estimate computational infrastructure demand is simulating the expected scenario. This
work proposes SDGreenSim, a simulator of the SDGreen framework. To the best of our
knowledge, there is no work focusing on the simulation of the whole computational infrastructure of green smart campus systems. Such a simulator could greatly contribute to
the decision making process at universities when administrators are preparing the infrastructure to support the new applications.
SenSE [Zyrianoff et al. 2017] (1) generates synthetic data simulating a sensor net-

work. The user can choose the types and the number of sensors and each type of sensor
has a fixed time interval in which it sends the data. For instance, the air quality and noise
sensors send messages every 30 minutes to the central server, while the people flow sensor sends a message when a person is detected by the device. The system is implemented
using threads and parallel computing, with a queue to represent the arrival of events.
SenSE provides a web interface and is open source.
GlobeTraff [Katsaros et al. 2012] (2) generates traffic based on four models: Web,
Video, P2P, and Other traffic. The distributions are based on mathematical models such
as Zipf-like, Weibull, and Gamma distribution with parameters configured by the user. In
addition, it is necessary to configure the percentage of traffic of each application.
UbikSim [Campuzano et al. 2014] (3) simulates the behavior of people in the university. The human behavior is modeled based on the collection of data through questionnaires about the schedule of each person on campus. After that, the system builds the
timeline based on the existing registered data, such as university locations. The result is a
flow chart representing a typical student week.
Al Rawajbeh [Al Rawajbeh 2018] (4) simulates smart campus applications based
on the IoT and focuses his analysis on human-computer interaction issues. He modeled
several types of elements including sensors, actuators, hubs, and others smart devices.
IntersCSimulator [Santana et al. 2017] (5) is a smart city simulator. It simulates
the movement of cars and people in different routes, as well as bus and subway systems.
The output of the simulator provides easy-to-read statistics.
CupCarbon [Mehdi et al. 2014] (6) is a multi-agent sensor and geolocation-based
discrete event simulator. It simulates sensors and other elements such as moving objects,
mobile or static natural events (gas, temperature, humidity, etc.), and sunlight for solar
panel implementation calculations. It has a friendly interface using the OpenStreetMap
(OSM) framework, placing the sensors directly on the map. The simulator is able to represent in detail the energy diagram associated with time. It has its own scripting language,
called SenScript, to implement power and sensor behavior.
Table 2 compares the aforementioned simulators using the following criteria:
A) Automatic data generation, which means that the simulator can generate data traffic,
otherwise, it requires the input of a dataset. B) Data collecting devices, which indicates
the types of devices supported by the simulator. They can be only sensors (OS) or multiagents (MA), meaning sensors or other data capture devices (e.g., cameras). C) Smart
Campus, which indicates whether or not the simulator focuses on smart campus scenarios. D) SDG indicators, which means that the simulated data can be used to calculate
indicators for the SDGs. E) Requires specialized user, which means that users should
have a certain level of knowledge about computing or mathematics to use the simulator,
for instance, XML format or mathematical models (Zipf-like, Weibull and Gamma distribution). F) Open source, which indicates whether or not the simulator is available as
open-source software. G) Amount of network traffic, which indicates that the simulator
provides ways to measure the amount of network traffic generated by the simulated data.

Table 2. Simulator comparison. MA = Multi-agents and OS = Only sensors.

A
B
C
D
E
F
G

Characteristic
Automatic data generation
Data collecting devices
Smart Campus
SDG indicators
Requires specialized user
Open source
Amount of network traffic

SDGreenSim
Yes
MA
Yes
Yes
No
Yes
Yes

(1)
Yes
OS
No
Yes
No
Yes
Yes

(2)
Yes
MA
No
No
Yes
No
Yes

(3)
No
—
Yes
No
No
No
No

(4)
Yes
MA
Yes
Yes
No
No
No

(5)
Yes
MA
No
Yes
Yes
Yes
No

(6)
Yes
MA
No
Yes
Yes
No
No

3. Proposal
This section describes our proposal for: 1) a framework that will allow collecting and
processing sustainability data; and 2) a system simulator that will allow data traffic and
storage space calculations based on the system’s infrastructure characteristics.
3.1. SDGreen - Green Smart Campus Framework
There are 17 SDGs and 169 targets to be achieved by 2030. It is possible to handle the majority of them by enabling proactive actions through the use of automated data collection.
Thus, there is a need for the implementation of a framework that enables sustainabilityrelated information to be collected without human intervention and then processed to
create sustainability indicators. Figure 2 depicts our proposal for this framework.
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Figure 2. SDGreen - Framework for collecting and processing sustainability data.

Other systems: the framework must be able to request data from external systems to help characterize the university environment. Examples of systems from which
this information can be extracted are systems that take care of the university’s human resources and geo-processing systems (e.g., the Geographic Information System GIS [Li and Guan 2011, Enqing et al. 2017, Company 2019]).
User interface: the system must also provide a way for data to be inserted manually (e.g., for testing and debugging purposes).
IoT devices: the goal is that most of the measurements will come from IoT devices. In addition to useful data, these devices can collect information that is not relevant
to the calculation of the sustainability indicator, so it may be necessary to filter it before
it is stored and used.

In addition to calculating sustainability indicators, the data processed by the
framework can also lead to actuation. For instance, it is possible to dim the lights or
reduce the intensity of the air conditioning in a building where high energy consumption
is detected, thereby contributing to achieving the 7.1 target (ensure universal access to
affordable, reliable, and modern energy services) of SDG7.
3.2. Green Smart Campus System Simulator
We can expect that the large volume of data generated by a green smart campus system
may not be supported by the existing university infrastructure. This way, it is desirable
that administrators be able to adequately estimate the system requirements even before
it is physically implemented. To help with this task, we propose the development of a
simulator for a campus environment instrumented with sensors and IoT devices. Each
device will be configured to simulate measurements that will be used by the framework to
generate sustainability indicators. In this scenario, the main challenges will be related to
the volume and velocity of the collected data. Therefore, the simulator will calculate the
resources needed to install the system, such as bandwidth and network technology and
size and type of storage space.
To illustrate the characterization of such a scenario, Figure 3 presents a map of a
university campus, highlighting the locations where IoT devices and sensors could be installed to contribute to the achievement of the SDGs and their targets (targets are indicated
by a dot after the SDG number).
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Figure 3. UNICAMP Campinas campus map and SDGs [UNICAMP 2020].

The university as a whole can help with target 12.8, which aims to ensure that
people have relevant information and awareness about sustainable development. In all

university buildings, meters can be placed to help generate indicators for SDGs 6 (drinking water and sanitation - targets 6.1, 6.2, 6.3, and 6.4, which are related to drinking
water, sanitation and hygiene, water quality, and water-use efficiency, respectively), 7
(affordable and clean energy), and 12 (sustainable communities - targets 12.2 and 12.5,
which are related to management and use of natural resources and waste reduction, respectively). The streets of the campus, through the generation of less carbon by means of
public transportation, can contribute to the improvement of SDG 13 (action against global
climate change) and target 11.2 (safe, accessible, sustainable transportation systems). At
the university where this work is being carried out (University of Campinas - UNICAMP)
there is also a photovoltaic plant that meets target 7.2 (renewable energy). Furthermore,
we have that parks can contribute to target 11.7 (safe and green public space), libraries
to 11.4 (cultural heritage), restaurants to 12.3 (halving food waste), the Institute of Chemistry to 12.4 (environmentally adequate management of chemicals), and the rectorate
to 12.7 (promoting sustainable public purchasing practices).
The simulator will receive the information about the campus environments and
their respective devices from the user, allowing them to either manually provide this information or load it from a geo-referencing system such as GIS. The environment modeled
by the simulator can be as generic or as specialized as the user wishes. In our instance
of the simulator, we will perform a characterization of all environments of the university
depicted in Figure 3, including all the elements that are considered important for sustainability within the campus. We will also characterize the places where IoT devices and
access points may be installed to provide the necessary infrastructure for the calculation
of sustainability indicators. This characterization will include details such as the types of
devices, the types of data they collect, and their geo-location.
We will start by making this characterization on a conceptual level, modeling the
university in terms of its generic elements, such as people, rooms, libraries, vehicles,
trees, streets, among others. After this theoretical characterization, we will implement it
in software. All the characterized environments will be modeled as classes where each
object will represent a real world element. Once the user has defined the system they
want to simulate, they will be able to add or remove elements from the simulator so that
it exactly represents the environment in terms of devices to be installed on site. For the
objects that represent devices, there will be attributes representing the interval between
the measurements and the data type collected, thus allowing the software to calculate the
total data size and network traffic.
After the construction of this virtual campus environment, the user will be able to
run the simulation. The simulated system will generate data at the specified rate and send
it through the network of each of the mapped environments. By observing the velocity of
the simulated data, it will be possible to map the type of technology to be used at each
data traffic point, as well as the necessary bandwidth to be made available on site. By
analyzing the volume of the data that will be generated with the specified configuration,
it will also be possible to calculate the size of storage space required. These reports can
then be used by administrators to calculate resources needed to implement the system as a
whole. Moreover, if the necessary budget to implement the infrastructure is beyond what
the university has allocated for this purpose, it is possible to change the interval between
measurements and run the simulation again to recalculate the requirements.

4. Conclusion
The 17 SDGs are a call for action for all society. In this way, universities are expected
to not only to propose solutions for the sustainability challenges, but also to implement
them in their campi. Solutions based on IoT and data analysis have been proposed to
leverage smart campus scenarios and, as discussed in this paper, many of them have the
potential to contribute to the achievement of SDGs targets. Nevertheless, universities still
lack a systematic and automated approach to measure and manage their sustainability
indicators. This work in progress proposes a framework to automatically collect data
generated through smart campus technologies as well as from other legacy systems in
the university aiming to support sustainability management. Monitoring all the university
spaces can result in a large amount of network traffic and data to be stored, so the work
also proposes the development of a simulator to allow a more precise planning of the
physical infrastructure needed to implement such framework. We intend to continue this
investigation by implementing the proposed framework and simulator and testing it on a
real-world use case at the University of Campinas (UNICAMP).
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