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ABSTRACT
Buildings are major energy consumers of today. A solution
for optimization of building energy consumption implies co-
ordinating devices in order to maximize energy efficiency.
However, the control logic underlying such techniques is cur-
rently implemented on hardware controllers commissioned
by proprietary solutions, thus limited and difficult to inte-
grate with other systems. Therefore, integrating multiple
energy efficient control techniques is usually more complex
and expensive. Moreover, while it is technically possible to
connect devices directly to TCP/IP networks, most Home
and Building Automation Systems (HBASs) still use non-
IP field level communication protocols. In this context, no
proper framework for centralized energy control systems has
been documented in literature. In this work we present a
platform over which applications featuring energy-efficiency
techniques can be built on. The proposed solution has been
validated on a real-world automated scenario to attest its
practical applicability.

1. INTRODUCTION
One of the greatest challenges faced by software develop-

ers when creating energy-efficient and control software is to
create an appropriate abstraction on software [1, 2]. In the
particular case of energy control software, different devices
might be working on different protocols within the same
building. Therefore, installing an energy control software in
a building can be hard and sometimes expensive, since it
has to be compatible with multiple communication proto-
cols [3]. Moreover, energy-efficient and control techniques
are mainly implemented in hardware controllers, therefore,
an abstraction of the energy-efficient and control firmware
is not an easy task.

Techniques such as like day-lighting—achieved by dim-
ming luminaries that are not needed during daylight [4]—
reduce up to 40% of buildings energy consumption [5]. Coarsely
speaking Heating, Ventilation and Air Conditioning (HVAC)
systems are responsible for around 70% of the energy re-
quirements of a building, while the remaining are mostly
spent on lighting systems [6, 7, 8].

Building Automation Systems (BASs) aim at improving
user comfort while using resources more efficiently, in par-
ticular the consumption of energy. A BAS consists of a
distributed control system working over a digital network of
devices designed to monitor, control and enable a more ad-
equate building automation according to user requirements.
Buildings that use BAS are commonly known as Smart Build-
ings (SBs).

Building Energy Management Systems (BEMSs) combine
both intelligent and “green” buildings technology. To achieve
being intelligent, energy-saving, “green” and other environ-
mental objectives, an unified management of energy con-
sumption is designed to improve equipment operation and
reduce energy consumption [9, 10].

A centralized energy control and monitoring software will
give us the ability to apply energy-efficient and control tech-
niques even if the back-end building automation systems do
not support it. This way it becomes possible to seamlessly
develop and deploy applications committed to maximize en-
ergy efficiency across different buildings, despite their tech-
nology heterogeneity.

This framework will consist of a software layer residing
above the individual systems and their specific protocols.
Its role is to provide an uniform method for accessing data
from, and issuing commands to, the various building de-
vices. Therefore, the framework must be protocol agnostic
and vendor neutral, supporting all devices equally. Web ser-
vices which are emerging Information Technologies (IT) give
us an elegant way to solve some of the above problems [11].

This work approaches the problem from the pragmatic
perspective that, monitoring our buildings through the us-
age of sensing and actuation devices should be as natural and
easy as humanly possible. If we think of a building where
each room is equipped with energy metering, sensing and
actuator devices, such framework should be able to collect
all metering data, provide a simple way to query this data
and give actionable and straightforward methods to process
it.

Such capabilities would enable us to draw conclusions in
real-time for later analysis, and also would give us the ability
to deploy energy efficiency techniques that could actually be
measurable, since the operational baselines of our buildings
would be stored outside the deployed BAS solutions.

According to our knowledge no framework that abstracts
energy-efficient control techniques through software appli-
cations has been proposed so far. To address our research,
this work was conducted and validated in a real world envi-
ronment by deploying it on the facilities of the University of
Lisbon (Taguspark campus).

In the following section we analyze the requirements of
building automation and energy management systems. Ex-
isting middlewares for BAS, commercial tools and also BEMS
standards from the literature are discussed in Section 5. Sec-
tion 6, describes the solution for our framework and its archi-
tecture. Our framework is then evaluated throughout three
practical case studies (Section 7). Section 8, presents the
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conclusions and implications of our work.

2. BUILDING AUTOMATION SYSTEMS

A BAS provides means to control and monitor indoor
environment conditions, either manually or automatically,
through a grid of smart devices ranging from sensors, actu-
ators and controllers. The historical root of BAS was the
automation of HVACs, providing means to control and ad-
just their parameters in order to maximize user comfort.
Although, the reach of BAS has been further extended to
include all kinds of BASs such as lighting, security, chiller
and steam systems, among other [12].

BUILDING SYSTEMS

Protocol Specific

BAS [ KNX | LonWorks | BACnet | … ]
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ALARMS

ACCESS
CONTROL

INTRUSION 
ALARMS

WEATHER 
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Figure 1: Overview of building automation systems
and their subsystems - On the top, the protocol spe-
cific layer presents heterogeneous BAS protocols.
Bellow we have BAS subsystems, programmed for
a specific field level protocol. At the bottom, trend
logs record data produced by these subsystems.

Besides enabling automation of electric components, BAS
can provide data such as electric consumption, temperature
and heat radiation through monitoring on precise readings
from available equipment, generating trend logs (Figure 1)
and information charts.

A common issue regarding BAS consists on the difficulty
of deploying several distinct solutions inside the same facil-
ity [13]. For instance, in the University of Lisbon (Taguspark
campus), there are at least three commissioned BASs run-
ning in parallel for different purposes. This type of scenario
poses a problem related with BASs interoperability, since
BASs are by nature heterogeneous.

The heterogeneity between different BAS technologies can
be troublesome, because they hinder facility managers work,
by forcing them to collect data from different systems into
a consolidated data warehouse [13].

Also, collecting data only from monitoring points, typi-
cally is not enough to determine what to improve or the
sources of a problem, such as over consumption of some elec-
tric equipment [14]. Furthermore, facility managers are left
with inaccurate and small amounts of relevant data, when
metering systems are installed instead of a BEMS. [14].

According to Interval Data Systems—–a well known soft-
ware house of BEMS solutions—it is not unusual for large
facilities to have 30,000 points or more (a large college cam-

pus can easily have well over 100,000 points) [15]. With
such a large number of data collection points (Figure 2),
each generating one record every 15 minutes, the total data
set comprises over a billion records per year [14, p. 70]. Such
amount of data can be unfeasible to manage by facility man-
agers, thus leading to huge amount of data being discarded.

BAS
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- DEW POINT
- WIND SPEED
- STEAM FLOW

CONTROL

- ON/OFF SWITCHs
- CONTROL EVENTS
- DIM (VALUE %)
- BLINDS (UP / DOWN)
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readings

accumulated 
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Figure 2: An example of monitoring and control
points being collected from a BAS (left figure).
Those points represent instant or accumulated read-
ings processed and stored into a data warehouse
(right figure).

Another topic of concern is trending data, for every mon-
itoring and control point collected there is associated data
related with it, data such as weather, maintenance tasks and
other facility operations [14].

3. ENERGY MANAGEMENT SYSTEMS

An Energy Management System (EMS) is a “set of inter-
related or interacting elements, to establish an energy pol-
icy and objectives, together with processes and procedures
to achieve those objectives” (ISO 50001:2011) [16]. Energy
Management Systems provide a set of tools that enables the
monitoring of facility operations through the gathering of all
building data related to environment and equipment opera-
tions. Moreover, they help increase user awareness on how
building is performing [17].

The BEMS makes data available so that end users are able
to perform in-depth diagnostics, analysis, and monitoring in
a fraction of the time they would took with earlier methods.
The resulting information enables building owners to make
radical improvements in their systems operations, staff de-
ployment, and information dissemination inside and outside
of their buildings [14].

Being made of a consistent set of monitoring and analyt-
ical tools, an EMS covers the following main aspects of a
building [9, 14]:

Used utilities data: All operational-related (elec-
tricity, natural gas, chilled water and other applica-
ble) data must be gathered and consolidated into a
data warehouse [18].

Data normalization: The acquired data must be
normalized and restructured in a consistent data model
in order to be usable.

Interactive and actionable data: All the collected
data must be presented in an intelligible and actionable
format to the user. By actionable we mean that, the
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facility manager, must be able to act based on the data
gathered from the BASs.

Measurement and verification: Performance mea-
surement and verification provides the ability to com-
pare energy use, before and after, some steps have been
taken to address potential energy savings.

3.1 Data Acquisition
Being data a core component of any analytical and mon-

itoring tool, an EMS needs to know how to collect informa-
tion from all the sources of data available in a facility [19].
Data can come from metering systems, BAS, utility reports
(requiring manual data insertion) or from space management
systems [14, 20]. Another aspect that these systems must
take into account are billing rates, besides collecting energy
related operational-data an EMS must be able to translate
such data into meaningful monetary values.

It is very common for a medium-large facility to have more
than one billing-rate for different buildings. Also in order
for an EMS be able to correlate consumptions with such
billings rates, a data acquisition process must be studied
first [14, 21]. Most utility vendors have their reports avail-
able through electronic formats, for instance EDP—a Por-
tuguese electrical company—makes those billings available
on-line through a web-based system, other like gas or water
companies make those reports available through paper-based
support, sent monthly or bi-monthly.

Thus the best way to gather consumptions is to install
smart meters for the various utilities directly on buildings [14,
21].

3.2 Utilities & BAS data
In large corporations, featuring more than one building, is

very common to have buildings generating utilities, such as,
chilled water for air conditioning and steam. Those utilities
either purchased or generated, produce data that must be
acquired, processed and normalized into a data warehouse.
An EMS must be able to relate this data with billing rates
and other factors, such as, weather data and calculated data.
For instance, for steam, is very common to compute flow and
condensation return values [14].

Nowadays, it is common for a facility to feature one or
more BAS to control HVACs, lighting, weather stations,
along with other building automated systems. It is im-
portant to notice the distinction between BAS and EMS
systems — BAS are responsible for controlling HVACs not
EMSs, as EMS are not control systems. EMSs provide intel-
ligent and actionable data to their facility managers while
BAS provide them ways to control and monitor them.

3.3 Metering Systems & Weather Data
Metering Systems are used to measure utilities consump-

tion. Usually they store the collected data on their own
dedicated database systems [14, 21]. An EMS should be
able to read data from those database systems or from me-
ters directly when appropriated. When an EMS is installed
those metering systems—if not already—should be config-
ured to provide not only instantaneous readings, but also
totalized values, enabling the EMS to fill the gaps, between
failed readings, with the totalized values [22].

Weather data is also an important variable to take into
account, as it improves the accuracy of energy forecasting

models. Weather data also enables an EMS to understand
the context around a period of consumption. For instance,
during cold or hot days HVAC systems are expected to con-
sume more or lesser energy [23].

4. MIDDLEWARE FOR BAS
Middleware has been defined as a distributed system ser-

vice that includes standard programming interfaces and pro-
tocols [24]. These services are called middleware because
they act as a layer above the device-specific and network-
ing software and below business applications. Umar [25]
presents an extensive treatment of the subject.

Architecture research regarding middleware focuses on the
problems and effects of integrating components with off-the-
shelf middleware. Di Nitto and Rosenblum [26] describe
how the usage of middleware and predefined components can
influence the architecture of a system being developed and,
conversely, how specific architectural choices can constrain
the selection of middleware [27].

5. RELATED WORK

We have explored fundamental variables to the solution
proposed on this document. These variables were (i) BEMS
standards, where we try to determine what are the features
involved on these systems, (ii) middleware solutions for BAS
and their requirements are also carefully analyzed, and fi-
nally (iii) a survey of commercial tools regarding BEMS is
performed, where we try to determine what are their fea-
tures and how they address BASs heterogeneity issues.

During this research, mostly due to the amount of infor-
mation involved, we also found convenient to detail BEMS
standards, BASs middlewares, and BEMS commercial solu-
tions along with their features.

Being the context our work sensitive around the concept
of real-time data, we have also studied tools and applications
that could help us address issues related with data collection,
storage, processing, and visualization of data providing from
various sensing and actuator devices.

5.1 Commercial Tools
In commercial buildings the set of energy-efficient control

techniques that can be implemented is vast, in order to avoid
wastes and reduce energy consumption [28]. Based on the
on-line documentation some of the most used energy con-
trol systems were analyzed, in order to better understand
how scalability affects the number of energy-efficient control
techniques a software can actually implement.

5.2 Real-time Data Interfacing
When dealing with sensing and actuator devices continu-

ously we face the problem of real-time data [29]. Due to the
various interpretations one may have about what is in fact
real-time data, it is important to give the definition of what
we mean by real-time data.

Real-time data, comprises the flow of information typically
segregated and transmitted into small units of data repre-
senting some sort of state, instantaneous reading or aggre-
gated computation of some kind, all associated with a given
time-stamp and providing from multiple specific sources, ei-
ther, by means of a polling or publish/subscription strategy.
The set of sources being queried, not necessarily in a syn-
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chronous way, generates a flow of near real-time data whose
state is a function of the variable time.

During the analysis of our solution, interfacing with real-
time data became a problem worth studying. According to
our definition above, the continuous data flow generated at
a given time, must be stored to avoid data loss. During this
phase of persisting data, an adequate way to process it and
extract actionable information must be possible.

6. FRAMEWORK FOR BEMS SOLUTION
An energy management system can be seen as a composi-

tion of different services, each aiming at exploring or expos-
ing data under a certain way. These services are combined
to create a platform, upon which new applications can be
built on [30]. In this thesis, we present a platform to enable
the deployment of energy efficiency techniques, by means of
software modules, using sensing and actuator devices.

This platform is able to interface with BAS devices and
other sensing or actuator devices. By controlling devices
through software, it is possible to program logic, regarding
energy efficiency techniques, directly from software modules
and without requiring reprogramming micro-controllers with
new firmware.

After our extensive analysis on BEMS Standards, Middle-
wares for BASs (Section 4), BEMS Commercial Tools (Sec-
tion 5.1) and Real-time data interfacing techniques (Section
5.2), we believe to have come up with an elegant and simple
solution.

We will now describe in detail each component involved
in our solution. Illustrative pictures will partially describe
each section to give more context and by the end of this
section a diagram of the complete system is presented.

6.1 Data Integration Layer
The data integration layer provides integration capabili-

ties between the platform and the devices, such as sensing,
actuator, or BAS devices. Its goal is to provide seamless
integration between hardware devices, ranging from BAS
devices to simple HTTP IP-based sensors.

6.1.1 Device Drivers
Device drivers are responsible for the communication with

field level systems such as BASs. A device driver is a soft-
ware module specific for a BASs protocol.

6.1.2 Device Gateway Service
This service provides a way to inter-communicate with

BASs by means of gateway drivers. Being a stateless ser-
vice, it provides a simple interface through an Application
Programming Interface (API) containing two endpoints, one
for reading and other for writing to and from a device.

6.1.3 Telegraf Data Input Plugins
The service responsible for data collection, uses Telegraf

to fetch data within regular intervals. To be able to fetch
data, our data collection service requires a plugin that has
knowledge about how to query a data source. In our solu-
tion, we have written a plugin, named HTTP Meter Plugin,
to interface with IP-based meters using the HTTP proto-
col. Telegraf already comes with an HTTP plugin that is
able to fetch data and parse JSON, but it does not sup-
port Basic Auth protocol or forwarding of requests via an
authenticated proxy. These two features are essential for

interfacing with IP-based meters on the University of Lis-
bon - Taguspark facilities. Internally, our plugin supports
BasicAuth authentication protocol and RequestForwarding
using the Linux command wget, a non-interactive network
downloader.

6.2 Data Access Layer
The Data Access Layer consists of three components (i)

Data Querying, this component ensures real-time data is be-
ing continuously aggregated before being stored into a per-
sistent storage, (ii) Data Collection, this component is a
service that knows how to fetch data from various sources of
information and then dispatches it to a persistence service,
and (iii) Data History, a set of persistence services that store
real-time data into a metrics database and system-wide data
on a NoSQL database.

6.2.1 Data History
The Data History component consists of two persistence

services (i) a Metrics Database, to store real-time data, and
(ii) a NoSQL Database, to store more or less structured sets
of information regarding devices, configurations and notifi-
cation subscriptions.

To store real-time data we use a metrics database called
InfluxDB. This database is ideal for dealing with data origi-
nated from sensors. It is able to organize readings into mea-
surement tables and is prepared to deal with flexible data
structures, enabling device readings data to mutate without
compromising the database schema.

6.2.2 Data Querying
Continuously collecting data from various devices across

entire building infrastructures can be seen as the process of
taking a snapshot of the current state of our facilities at a
given time T .

This flow of snapshot data is captured multiple times per
hour and can result in enormous quantities of data [31].
Most of the time the exact measure of a given meter at
a given time T is not the most relevant information to work
with.

Therefore, a way to continuously evaluate and aggregate
data as it arrives is a requirement, in order to enable fast
queries over real-time data. If every graphical visualization,
report or API that needs to access our data has to aggregate
it in memory every single time it is needed, that solution can
turn out to be hard to scale in the long run, as more data
continuously arrives at our database.

Data querying component achieves continuous data ag-
gregation using InfluxDB Continuous Queries. Continuous
queries enable down-sampling of raw data to convert high
frequency data into low frequency data.

6.3 Core Services Layer
The Core Services Layer consists of two main components

(i) the Energy Manager Service, a front-facing back-end ser-
vice, that exposes APIs for channel management, channel
categories, channel notifications, and real-time data feed,
and (ii) the Data Processing Service, a stream processing
service that processes streams of data, raising alerts when
certain conditions are met, and reporting alerts to the En-
ergy Manager Service. Figure 3 presents an overview of the
relations between these components.

Data Processing Service, is a stream processing service
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Figure 3: Core Services Layer Overview, present-
ing two components, Energy Manager Service and a
Data Processing Service.

that processes streams of data. It raises alerts when certain
conditions are met and reports those alerts to the Energy
Manager Service.

6.3.1 Energy Manager Service
Energy Manager Service is super set of micro-services that

aggregates the micro-services: Real-time Channel Data Feed,
Channel Manager, Channel Categories and Channel Notifi-
cations.

The main idea around this micro-service architecture is
that new functionalities can be developed and deployed in
the platform by exposing a new micro-service with its own
API. Each of these micro-services exposes a version of their
APIs through HTTP Headers, e.g, Content-Type: application/vnd.micro-
service.endpoint.v1+json.

Through this API Versioning Scheme applications can de-
cide whether to support certain functionalities of the plat-
form or to gracefully ignore them.

Channel Manager, exposes a Create, Retrieve, Up-
date and Delete (CRUD) API over the entity Channel.
In the context of our platform, a Channel is an ab-
stract concept, that defines a communication channel
from where we can read and write into. An equip-
ment with various sensors and actuators would have
N channels associated with it. This way, to avoid cre-
ating strong bindings with the concept of equipment,
device or other less generic. We introduced the concept
of Channel Categories to group one or more channels.

Channel Categories, enable the grouping of one or
more channels into a category.

Channel Notifications, exposes an API for channel
notifications. Notifications are triggered every time
an alert is reported from the Data Processing Service.
Notifications Manager exposes an API to receive alert
events. Alert events are stored associated with their
respective channel. When a new alert is received, a
broadcast message is sent to all clients subscribing real-
time data feed—via web sockets—letting front-facing
User Interfaces (UIs) to update accordingly to a new
alert, showing a visual notification or engaging the end-
user by other means.

6.3.2 Data Processing Service

Data Processing Service works by subscribing to a stream
of data over a measurements table from InfluxDB. Every
time a new point is registered on the measurements table
a User Defined Function (UDF) is executed with the new
point. The User Defined Function (UDF) can keep internal
state to aggregate data if needed.

An UDF observes points in a data stream and when a
specific criteria is met, an alert is sent to the Channel Noti-
fications Manager on the Energy Manager Service.

This data processing service uses a technology called Ka-
pacitor. Kapacitor is a engine that performs data processing
over sets of time series data. This engine has a larger set of
applications, than just Alerts, such as monitoring through
event processing, Extract, Transform and Load (ETL) tasks
over large sets of data, and other.

For working over a set of data using Kapacitor we use
Stream Tasks. These tasks work over streams of data. Tasks
for processing the stream are define in a DSL called TICKscript.
These tasks define a pipeline that control which data should
be processed and how.

6.4 Application Layer
Applications at this layer have access to a concise collec-

tion of services that together solve the heterogeneity problem
faced by BASs [32]. Furthermore, these applications have
access to a centralized data history service, containing data
that spans devices and equipments of an entire building.

The following applications provide simple functionality
through web user interfaces. These applications consume
the set of services made available on our platform to provide
administration, monitoring and energy efficiency capabilities
to facility managers.

Central Administration, provides management fea-
tures to create channels, channel categories and pre-
view pop-up notifications about alerts.

Energy Dashboard, displays energy consumption data
read from smart meters installed on the IST Taguspark
facilities. The installed meters measure voltage and
current and through data aggregation via continuous
queries we are able to plot the kWh consumed.

Auto Dimming Luminaries, is a simple application
that turns on a light bulb when the quantity of light in
a room is scarce (lux <350), meaning its getting dark
inside the room [4]. And turns the light bulb off when
a good quantity (lux >500) of light is detected again.

7. VALIDATION
Our solution have been tested in a real world environ-

ment, by deploying it in the University of Lisbon, Taguspark
campus. Taguspark facilities provide a sensor network of
nearly fifty energy sensors, scattered within and outside the
building. These sensors monitor building energy consump-
tion. Despite energy sensors, Taguspark facilities are also
equipped with BASs featuring KNX technology and OPC1

servers that enable actuation over many devices and equip-
ments.

1OPC is a software interface standard that allows Windows
programs to communicate with industrial hardware devices.
OPC is implemented in server/client pairs. The OPC server
is a software program that converts the hardware communi-
cation protocol used by a PLC into the OPC protocol.

5



To assess that our solution enables (i) the collection of
energy data on the facilities, (ii) the development of appli-
cations that consume such data in a standard format and are
able to easily expose it to end-users, and (iii) that the sys-
tem architecture is modular enough to integrate with multi-
ple BASs, we performed three case studies on the Taguspark
facilities.

During this chapter, we will refer to our platform as named
during its development, the Ensight Platform, meaning En-
ergy Insight Platform. Our approach results in three distinct
case studies over our platform. The case studies related with
data collection, aggregation and visualization involve gather-
ing data from multiple energy sensors. These two first cases
are very important to demonstrate a complete workflow of
data collection, persistence, aggregation and visualization.

The simple existence of a centralized store of energy sens-
ing data gives room for a whole eco-system of applications
for analytics and data mining. In the first two case studies
we have setup a dashboard application for data visualiza-
tion.

7.1 Case Study: IST TagusPark - KNX En-
ergy Meters

In this case study we collected data from nearly 90 KNX
sensors on the IST Campus of Taguspark, including MIT
Department (Nucleus 14), Nucleus 16, Amphitheater A4 and
A5 and also a Weather Station located outside the facilities.

From the available sensors, four of them are Energy Me-
ters as detailed in Figure 4. We have configured our platform
to collect their data every 10 seconds for a period of 2 days.
During this period we have collected 69,120 data points.

MIT - Nucleus 14

Circuit A
Hall Lights

Ensight Platform

Circuit B
Hall Lights

Circuit C
HVAC Supply

Circuit D
HVAC Supply

Applications

Energy Dashboard

Figure 4: MIT Department - Nucleus 14, featuring
four KNX energy meters, being queried by Ensight
Platform. Energy Dashboard application sits on top
of our platform to render collected data.

To manage this incoming stream of data we configured two
data retention policies. Data retention policy ”default”holds
data forever in our metrics database, while data retention
policy ”last-day” holds data received on the last 24 hours.

A Continuous Query was created to continuously aggre-
gate data from our energy meters (Listing 1). This con-
tinuous query is evaluated every 15 seconds to grab data
from the past hour, and aggregate the results into intervals
of 15 minutes (Figure 1). The aggregated data was stored
on the ”default” retention policy to make data permanently
available.

Listing 1: Continuous Query to aggregate KNX
Energy Meters data

CREATE CONTINUOUS QUERY
”knx−energymeters . 15m. i n t e r v a l s ”

ON ”ens ight−device−metr i c s ”
RESAMPLE EVERY 15 s
BEGIN

SELECT mean( value ) ∗ 230 AS watts
INTO ”d e f a u l t ” .

”knx−energymeters . 15m. i n t e r v a l ”
FROM ” l a s t−day ” . ”taguspark−knx−meters ”
WHERE time > now()−1h AND

”name” =˜ / .∗ Energy\ Meter .∗/
GROUP BY time (15m) ,

id , ”name” , deviceAddress
END

Figure 5: KNX Energy Meters Dashboard display-
ing a data window of 2 days.

When dealing with KNX sensors, all communication is
carried out through a special device called Ethernet/KNX
Gateway. During this case study, we discovered that KNX
gateways tend to be very limited in the number of simultane-
ous connections, in our particular case, the models installed
at ours campus only allow 5 simultaneous connections. Be-
cause of this, our Device Gateway Service had to be fine
tunned to cache open connections established between the
service and the KNX gateway, so that, it was possible to
have some kind of guarantee, in terms of device readings.

Also, during our study data marshaling revealed to be
problematic, since readings over KNX devices return data
in a binary format. Such binary format is specific to the
KNX protocol, and currently the best framework to handle
message data marshaling with these devices is a framework
called Calimero. Calimero only enables us to read simple
integers, doubles and text.

It is hard do understand, why a KNX Meter is configured
to return a decimal value without any semantic meaning
around it. We have discovered that, a typical KNX Meter is
configured to be an isolated module that measures current
and outputs that measurement.

Changing a KNX Meter to instead send us the pair current
and voltage, and let us calculate watts/hour if we want to,
revealed to be unfeasible. Although, KNX protocol is Open
Source, KNX devices are not free or open to be modified
freely. Also, before being installed, KNX sensors need to

6



Listing 2: Continuous Query that aggregates KNX
Weather Station sensors data

CREATE CONTINUOUS QUERY
”knx−s e n s o r s . 15m. i n t e r v a l s ”

ON ”ens ight−device−metr i c s ”
RESAMPLE EVERY 15 s
BEGIN
SELECT mean( value ) AS r ead ing va lue
INTO ”d e f a u l t ” . ”knx−s e n s o r s . 15m. i n t e r v a l ”
FROM ” l a s t−day ” . ”knx−meters ”
WHERE time > now ( ) − 1h AND

”name” ! ˜ / .∗ Energy\ Meter .∗/
GROUP BY time (15m) ,

id , ”name” , deviceAddress
END

be configured by means of a process called Commissioning.
Such operation is locked-in by a Commissioning Software
called ETS.

Despite the technical challenges of dealing with KNX de-
vices, we also managed to collected data from the Weather
Station located outside Taguspark facilities. Currently, through
KNX sensors we have access to sensors that measure hu-
midity, temperature, global solar radiation, luminosity, en-
thalpy, dew point, wind speed and CO2.

We have configured our system to collect data from all
those sensors and aggregate it by means of a continuous
query (Listing 2).

We also built a dashboard to aggregate all the data from
all the meters (Figure 5). This dashboard give us the ability
to, visualize and analyze the data being collected by the
KNX sensors in near real-time.

7.2 Case Study: IST TagusPark - HTTP En-
ergy Meters

Taguspark facilities are equipped with sensors relying on
different technologies despite KNX. In this case study we
focus our attention on the IP-based Energy Meters. These
meters are reachable within the Local Area Network (LAN)
of the campus and we can perform readings by issuing simple
HTTP requests.

Currently we have 7 energy meters installed in our test
site (University of Lisbon - Taguspark campus). To re-
quest data from one of these Energy Meters we must per-
form an HTTP request to a reading endpoint, similar to
https://<meter-ip-address>/reading. The response is a
JavaScript Object Notation (JSON) payload with the mea-
sured current and voltage, per phase. Since these meters are
attached to triphasic energy boards, we receive a measure-
ment of current and voltage per each phase.

We have configured our platform to collect data from each
of these sensors. Since all the sensors are IP-based, our data
collection service can interface with them directly without
passing by our Device Gateway Service.

When looking at the collected data, we observe immedi-
ately a problem. The collected data shows us the current
measured in amperes and the voltage measured in volts per
phase. But such data can hardly be seen as actionable data,
since it is hard to perform an analysis over data that, does

not map directly to the same units we are used to deal on a
daily basis, such as kW/h, present on every energy bill.

To make some sense out of this data, we have config-
ured our platform to compute the energy measurements into
watts per phase, and also the aggregated total of all phases
per meter. We started by creating a continuous query for
near real-time data aggregation (Listing 3).

With this continuous query we can think about the data
being collected as the energy consumed by 15 minute pe-
riods in watts per each phase. It is also easy to compute
the aggregated total per meter by summing the watts of
each phase. To better visualize this data, we have built a
dashboard to aggregate all the information into a centralized
view (Figure 6).

Listing 3: Continuous Query that aggregates En-
ergy Meters data

CREATE CONTINUOUS QUERY
”taguspark−ip−energymeters . 15m. i n t e r v a l ”

ON ”ens ight−device−metr i c s ”
RESAMPLE EVERY 15 s
BEGIN

SELECT
mean( phas e s 1 cur r en t )∗
mean( phase s 1 power fac to r )∗
mean( pha s e s 1 vo l t age )
AS phases 1 watts ,

mean( phas e s 2 cur r en t )∗
mean( phase s 2 power fac to r )∗
mean( pha s e s 2 vo l t age )
AS phases 2 watts ,

mean( phas e s 3 cur r en t )∗
mean( phase s 3 power fac to r )∗
mean( pha s e s 3 vo l t age )
AS phases 3 watt s

INTO ”d e f a u l t ” .
”ip−energymeters . 15m. i n t e r v a l ”

FROM ” l a s t−day ” . ”ip−energymeters ”
WHERE time > now()−1h
GROUP BY time (15m) , id , ”name”

END

7.3 Case Study: Energy Insight - Sensors and
Actuators

During the development of this work, a major concern
was—possible shared in common with the readers of this
document—how can we truly defend such work and criticize
the existing BASs and their devices, without deeply under-
standing how they are built and how they work from the
inside out.

Some of the objectives of our platform are to ease the
difficulties that arise after turning these devices ON , such
as where and how does data get stored, how do we aggregate
data, how do we abstract the devices and BASs to the end
user, how can we act and throw notifications in reaction to
a given device reading.
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Figure 6: Energy Meters dashboard, with consump-
tions per meter and the aggregated total.

In this case study we implemented a simple energy effi-
ciency technique over our platform called daylight harvest-
ing [33]. This technique consists in adjusting the amount of
electric light need to light a space, according to the amount
of natural light measured in the outside.

Therefore, for implementing this technique not only we
have used our platform, but also, we decided to make it over
a custom built micro-controller. We used a very common Mi-
crocontroller Unit (MCU)2 called ESP8266 (Figure 7). We
choose this unit because it is very efficient in terms of en-
ergy consumption and also very cheap—built with a 80 MHz
processor, a 2.4GHz Wi-Fi module and 4MB of EEPROM
memory. Its selling price rounds the 3$ USD and can be
found in the majority of online stores like Amazon.

Figure 7: NodeMCU ESP8266 Module attached to
an Amica R2 development board.

We acquired also a light sensor to measure luminosity in
lux, and a relay module (Figure 8) to control electric current
through our MCU module. The relay module enables us to
decide whether we should supply or not energy current to
our power plug.

During this study we built 3 devices equipped with light
sensors. The devices were installed into different points of
the room, with the main goal of trying to capture the light
variances within different parts of the room. One of the
devices, besides incorporating a light sensor, had attached

2A microcontroller is a small computer (System on a Chip
- SoC) on a single integrated circuit containing a processor
core, memory, and programmable input/output peripherals.

Figure 8: Relay Module actuator connected to a
power plug electric cable.

to it an additional relay module to control the ON and OFF
functionality of a table lamp.

We start by collecting data from the 3 sensors. A con-
tinuous query computes the 5% percentile for each sensor,
for the last 30 seconds and computes the mean value of the
3 percentiles. The result of this query is then stored on a
measurements table that persists its data during one month.

The interpretation of our query is the following: given
a 5% percentile with value X, 5% of the values measured
are bellow X, therefore, 95% of the remaining values are
above X. We compute the average of the 5% percentile of
all sensors, and this gives us the average value above of 95%
of all luminance readings are.

So according to this assumption, if we grab the last minute
5% percentile mean value of luminance for our room, we can
make some assumptions about the light conditions inside the
room.

According to a study3 published by the National Optical
Astronomy Observatory4 a luminance value of 500 lux means
a normal office is well supplied in terms of light. Bellow
that value, electrical light must be turned on in order to
compensate the loss of natural light within the room.

The assumption part on our platform is made by a data
processing service. In this service we have configured a script
to process a data stream over the 5% percentile mean value
of the room luminance.

7.4 Evaluation Results
The analysis of our cases studies makes possible to draw a

set of conclusions regarding the validity of the Ensight Plat-
form. Our platform was able to apportion multiple systems,
a KNX-based BAS, IP-based meters and sets of custom built
sensors also IP-based. We were able to transform all the
gathered data into actionable information and visualize it
by means of custom tailored dashboards. The usage of con-
tinuous queries to aggregate our data, enabled us to shrink
the enormous amounts of data collected from multiple sen-
sors into a more precise set of information, upon which con-
clusions could be taken. We discovered that data retention
policies for sensor data is a good technique to manage large
data sets of readings. And that by means of aggregations of
sensors raw data we can afford to lose some data, while keep-
ing an overall idea of what was measured. We also learned
that a data processing service is of the utmost importance,
in order for our platform to be reactive. Reacting to events

3http://www.noao.edu/education/QLTkit/ACTIVITY
Documents/Safety/LightLevels outdoor+indoor.pdf
4http://www.noao.edu/education
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lets our platform trigger alerts and expose them to its ap-
plications. Due to this functionality, our second case study
was able to listen for events of luminance variances, and act
based upon what it was programmed to do, i.e, to ensure
good light conditions within a room. In our case studies,
we were able to attest: historic, monitoring and alarmistic
capabilities in our platform. Such capabilities are crucial to
support applications for buildings and their management.

8. CONCLUSIONS
From our analysis of the literature regarding the topic

of Building Automation, the problem related with hetero-
geneity of multiple technologies and protocols is well known.
Studying the existing proposals, there are a couple of com-
mercial and open source solutions that try to address the
problem of BAS heterogeneity. Some try also to solve the
problems that a BAS solution itself does not provide typi-
cally, such as data history collection, management and alarmistic
by means of software modules. Furthermore, we were not
able to find any literature documenting or defining the proper
architecture for a framework for building energy manage-
ment.

The assessment conducted in this work concludes that it
is not possible to create a monolithic application able to
apportion every possible scenario for energy management
in buildings. A platform built on the concept of micro
services, where each component is configurable, revealed
to be—according to our cases studies—a more flexible ap-
proach. Through multiple iterations over our solution we
have discovered that if all the complexity were left to ap-
plications, it could be in fact possible to develop a platform
capable of providing actionable data for applications to work
with. On the other hand, having a model where every fea-
ture of our platform is introduced as an application, gran-
ular applications for controlling daylight harvesting, HVAC
smart control or simple monitoring will lead to less complex
and modular units of software. Therefore, more manageable,
maintainable and scalable.

Nevertheless, three case studies were performed to attest
the practical applicability of our platform. The first two case
studies, tried to test specifically if the platform would be able
to support multiple heterogeneous systems—using different
protocols. On the last case study the approach was different,
and our objective was to attest that if we discard a BAS
and just insert simple sensors into the platform, we were
able by means of software to achieve the same functionality
that a typical BAS would provide. But this time without
the complexity that a BAS brings with it. Software can
evolve easily, be versioned and updated without requiring
the replacement of a physical device, or human interaction.

Choosing a modular architecture for structuring our plat-
form proved to be the most correct way to address the flex-
ibility requirements proposed by this work, easing the ad-
dition of new services and the modification of the current
ones.

9. FUTURE WORK
There is an endless number of directions worth pursuing

regarding future work. By enabling developers to program
against a common object model, applications for energy ef-
ficiency developed in one building are no longer attached to
the BAS configuration of that same building. Furthermore

enhancements to the framework itself will enable existing in-
stallations to upgrade their systems without having to mod-
ify running applications code, which is a huge breakthrough.

Alerting Message Broker, in our current implemen-
tation, alert messages are received from a data process-
ing service and published to the applications. Those
applications are then free to behave as they wish ac-
cording to their programming. We think a more so-
phisticated method could be developed using a solu-
tion such as RedisDB or Apache Kafka—both mes-
sage broker systems designed with high availability and
throughput in mind.

Unified Device Model, applying energy-efficiency
techniques by using simple and cheap device sensors
is one a major advantage. However, it would be nice
to have a convention to define the standard set of APIs
every device— communicating with our platform—should
have.

Case Study for Data Retention Policies by Ap-
pliances, the objective of such case study would be
to understand for how long, typically, data by appli-
ance should be persisted on a metrics database. It is
also important to understand, by appliance, how data
should be aggregated as it ages.

Graphical User Interface (GUI), an Energy Man-
agement GUI is composed by a set of different com-
ponents, such as Dashboard Building and Visualiza-
tion UI, Channel Configuration (the abstraction of de-
vices), Alarmistic Message Viewer, Notifications UI,
Building Schematics with live data [34]. An in-depth
research to define all these components, their require-
ments and minimal-set of functionalities is an impor-
tant study to be addressed.
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