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Argumentation of choice
of the studio

I am interested in how building physics can be used for tackling
the energy issue and improving our lives. This intersects with
my interest in machine learning through the application of the
building system control. My thesis topic, which focuses on the
independent impacts of Model Predictive Control (MPC) and
variations in facade properties in full-glass fagade buildings,
embodies this intersection. It presents an opportunity to explore
and develop innovative solutions that optimize energy
efficiency and thermal comfort. This research not only delves
into the technical aspects of building design and intelligent
control systems but also has the potential to make a positive
societal impact by contributing to sustainable building practices
and improving occupant well-being.

Graduation project

Title of the graduation
project

Comparative Analysis of Model Predictive Control and Glazing
Properties on Energy Efficiency and Thermal Comfort in Full-
Glass Fagade Buildings

Goal

Location:

The case study is located in Delft,
Netherlands, and focuses on TU Delft's
building called Pulse which is a full-glass
facade. This case study will serve as both a
testing ground and a baseline for calibration
testing of a model and comparisons at where
various interventions will be applied.

The posed problem:

“There's a lack of understanding of how the
application of Model Predictive Control
(MPC), as compared to modifications in
facade properties, influences the energy
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demand and thermal comfort of a glass
facade building.”

According to the International Energy
Agency’s report in 2023, building activities
are responsible for 30% of global final
energy consumption (with 8% of emissions
coming directly from buildings and 18%
from generating heat and electricity used in
buildings). Heat, ventilation, and air
conditioning (HVAC) systems, among the
other energy-demanding components within
building infrastructures, contribute
significantly to energy consumption at 40-
60%. Inefficiencies in their operation or
suboptimal thermostat settings can lead to
considerable energy wastage. In addition,
facade, as the interface between indoor and
outdoor climate plays an important role in
determining HVAC energy demand. Having
a vast area of glass as a facade can be a
problem as it generates a lot of heat transfer
between the indoor and outdoor
environment. Therefore, it is also important
to consider the right facade properties and/or
design as it can lead to energy waste.

Apart from energy usage, thermal comfort,
which usually falls out from the traditional
HVAC control, is a crucial factor in building
design, influencing both energy
consumption and occupant comfort. The
mean radiant temperature (MRT) plays a
pivotal role in determining the operative
temperature, a key metric for thermal
comfort. When buildings use glass facades,
MRT is significantly impacted due to the
higher levels of thermal radiation exchanged
between occupants and the building
envelope and then to the outdoor
environment. This phenomenon can lead to a
decrease in the perceived temperature,
making occupants feel colder and potentially
leading to discomfort. This issue becomes
particularly evident in buildings with large
glass surfaces, where the control of radiant
temperatures is challenging yet essential for
maintaining thermal comfort.




To that end, there are two solutions, among
many others, that become the focus of this
research to reduce the energy demand and
improve thermal comfort of a building:
improving the HVAC system and improving
the facade. Breaking down the two options,
the former can be in a form of changing the
system/equipment or the control, while the
latter can be in a form of redesigning,
changing the materials, or intervening the
existing materials. In this case, this thesis
focusses on changing the control of the
HVAC system by using Model Predictive
Control (MPC) and intervening the existing
materials by adding additional matters to the
existing glass facade. The scope was formed
this way because both solutions possess the
least intervention to the existing building.

This thesis introduces the use of Model
Predictive Control (MPC) to optimize
building systems. MPC, aligned with
weather forecasting, allows for proactive
adjustments in building operations,
enhancing energy efficiency and occupant
comfort. The core aim of this research is to
develop a comprehensive model that
effectively reduces energy demand in
buildings with glass facades while ensuring
optimal thermal comfort for the occupants.
However, there's a lack of understanding of
how the application of Model Predictive
Control (MPC), as compared to
modifications in facade properties,
influences the thermal comfort and energy
demand of a glass facade building.
Therefore, at the end, the MPC performance
will be compared with different fagade
properties.

research questions and design assignment
in which these result:

“To what extent do the implementation of
Model Predictive Control (MPC) and
changes in fagade properties independently
influence the energy dynamics and thermal
comfort in buildings with full-glass
facades?”

Research sub-questions (subject to change):

Related to MPC:




- How can an energy model, including
HVAC control and natural climate
systems, be accurately simulated and
calibrated to reflect real-world
conditions in building with full-glass
facades?

- How can a model be developed and
trained to control the building operation
system in a way that minimizes energy
consumption while maintaining optimal
thermal comfort in buildings with full-
glass facades?

- How does the implementation of MPC
contribute to the optimization of energy
use and improvement of thermal comfort
in these buildings?

Related to facade intervention:

- What are the possible techniques on
intervening an existing glass facade?

- How does intervention of glass fagcade
affect the glass properties?

- How do different facade properties alone
(for example for glazing, such as thermal
transmittance, solar heat gain coefficient,
and light transmittance) influence the
energy efficiency and thermal comfort in
buildings with full-glass facades?

Related to the comparison:

Which has a more significant impact on
energy dynamics and thermal comfort in
full-glass facade buildings: the
implementation of MPC or variations in
glazing properties?

[Design Assignment]

[This should be formulated in such a way that the graduation project can answer
these questions.

The definition of the problem has to be significant to a clearly defined area of
research and design.]

The purpose of this thesis is to develop an MPC model that can operate a building in a way
that minimizes energy consumption while maintaining optimal thermal comfort in buildings
with full-glass facades. The case study will be used to develop the model as well as to test,
calibrate, and evaluate its performance.
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Method description

A literature review is conducted to evaluate existing advancements and methodologies in this
field. The primary sources are related to energy demand, thermal comfort, MPC, and fagade
improvement. Following this, the research will progress to the modelling phase of the case
study, informed and guided by the insights and achievements of prior research in the field.




The case study will be executed using a grey-box model. Outputs from this simulation, which
is the energy data, will serve as the foundation for developing, training, and testing the
predictive model. This model will then be optimized using a control algorithm to implement
Model Predictive Control (MPC), which will then be evaluated against the building's current
operational status. Additionally, the baseline model will be developed for comparison,
incorporating various glazing properties, to contrast their performance with that of the MPC.

The following steps can be outlined for the research process (subject to change):
1. Make model or digital twin of the building:
White-box modelling:
- Model the selected case study in a building simulation software/python.
- Run the model to obtain energy and surface temperature data.
Black-box modelling:
- Train a model with historical data using Neural Networks.
Grey-box modelling:
Adding data to the historical data
- Calculate the missing data using white-box (RC-model)
- Combine the data with the historical data
- Train a model using those data with NN
Calibrate the simulation from white-box with the historical data
- Model the selected case study in a building simulation software/python.
- Run the model to obtain energy data.
- Calibrate the simulation using the collected on-site data to ensure its accuracy and
reliability.
. Develop and evaluate a prediction using the model outputs. This aim to forecast energy
demand.
. Integrate the predictive model with a control algorithm to implement MPC. Optimize the
control strategy for energy efficiency and thermal comfort.
. Compare the MPC implementation against the current operational status of the building to
evaluate improvements in energy efficiency and thermal comfort.
. Modify the baseline white-box model to incorporate different facade properties.
. Compare the energy and comfort performance of these variations with the MPC
implementation.
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To support the development of the models, 3ME course from TU Delft is being followed to
learn essential knowledge on building energy modelling.

The following tools will be used (subject to change):
EnergyPlus and/or OpenStudio, Grasshopper with Ladybug and Honeybee, Python.

Literature and general practical references

These are some of the primary sources related to energy demand, thermal comfort, building
energy modeling approach, calibration, smart building control, adaptability and transferability.
There are more literatures have been examined.
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Reflection

1. What is the relation between your graduation (project) topic, the studio topic (if
applicable), your master track (A,U,BT,LA,MBE), and your master programme
(MSc AUBS)?

The relation between the graduation topic, the studio topic, the master track, and the
master program are that they are all closely related to the field of building technology and
energy efficiency. The graduation project topic is focused on exploring energy
performance and thermal comfort through MPC and changing on fagade properties of
Pulse building. The studio topic provides the opportunity for students to work on real-
world projects and gain hands-on experience in the field of building technology and
energy efficiency.

2. What is the relevance of your graduation work in the larger social, professional
and scientific framework.

The relevance of this graduation work is that it addresses the critical issue of energy
demand and thermal comfort which impact the environment. By exploring energy
performance and identifying potential improvements through MPC, this research will
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contribute to the larger goal of reducing energy consumption and primary energy needs in
buildings while keeping the occupants comfortable. The study can provide valuable
insights for building operators, managers, architects, and engineers to reduce energy
demand and improve thermal comfort in buildings.




