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Breve apresentacao da UC e da ADAI




A Universidade de
Coimbra

Fundada em 1290 e classificada em 2013 como patriménio mundial pela
UNESCO, a Universidade de Coimbra tem vindo a refor¢ar a sua posicao singular,

reunindo tradicao, atualidade e inovacao.
A Universidade acolhe 25.200 alunos, 1.750 docentes e 1.200 Investigadores

Organizada em 11 faculdades, oferece todos os niveis académicos em
Arquitetura, Engenharia, Ciéncias Exatas, Ciéncias Naturais, Ciéncias Médicas,

Psicologia, Ciéncias Sociais, Humanas, Direito e Desporto
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A NOSSA HISTORIA

» ADAI - Associacdo para o Desenvolvimento da Aerodinamica
Industrial é uma instituicdo privada de interesse publico,
fundada em 1990

»Estda ligada ao DEMUC - Departamento de Engenharia
Mecanica da UC, area de energia e ambiente

»Unidade de gestdo do LAETA — Laboratério associado em
Energia, Transportes e Aeroespacial (avaliado com Excelente
pela FCT)
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CENTROS ADAI

A ADAI encontra-se estruturada em quatro centros de
investigacao :

ClE I

INFRAESTRUTURAS

Maioritariamente, a ADAI desenvolve a sua atividade nas
seguintes infraestruturas:

LEDAP - Laboratério de Energética e
Detodnica (Condeixa)

LAI - Laboratério de
Aerodinamica Industrial
(Coimbra)

LEIF - Laboratdrio de Estudos sobre
Incéndios Florestais (Lous3)



ATIVIDADE da ADAI 2022

PROJETOS E PRESTACOES DE
SERVICOS

PUBLICACOES

(D2

COMUNICAGOES

ORGANIZACAO DE SEMINARIOS E APLICACOES COMPUTACIONAIS E
CONFERENCIAS RELATORIOS INSTALACOES PILOTO




Aerodinamica — Estudos em tunel e CFD




Camara Climatica — Ambientes térmicos
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Laboratorio de Estudos em Incéndios Florestais

Equipamento laboratorial para estudo e formagao sobre o comportamento de incéndios




LEDAP— produtos energéticos e detonica
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Alteracoes climaticas

Situagao energetica e emissoes de CO, em
numeros




SSP

SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5

Aquecimento estimado

Cenério (2041-2060)

Baixas emissdes de GEE:
emissdes de CO, reduzidas a zero
em 2075

Emissoes intermedidrias de GEE:
emissdes de CO, em torno dos
niveis actuais até 2050, decaindo
depois, mas nado atingindo zero até

2100

Altas emissdes de GEE:
emissdes de CO, duplicam até 2100

Emissdes muito altas de GEE:
emissdes de CO, triplicam até 2075

Aquecimento estimado
(2081-2100)



https://web.archive.org/web/20210819125401/https:/www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf

Maputo | Temperatura bolbo seco [°C] Lisboa | Temperatura bolbo seco [°C]
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https://adai.pt/future-weather-generator/
https://climate.onebuilding.org/

World Energy Production by Fuel World Electricity Generation by Fuel

TOTAL 2019 = 14745 Mtoe TOTAL 2019 = 26936 TWh
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European Commission, Directorate-General for Energy, EU energy in figures : statistical pocketbook 2021, Publications Office of
the European Union, 2021, https://data.europa.eu/doi/10.2833/511498



https://data.europa.eu/doi/10.2833/511498

PRODUCTION - BY FUEL - EU27_2020 GROSS INLAND CONSUMPTION - BY FUEL - EU27_2020
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European Commission, Directorate-General for Energy, EU energy in figures : statistical pocketbook 2021, Publications Office of
the European Union, 2021, https://data.europa.eu/doi/10.2833/511498



https://data.europa.eu/doi/10.2833/511498

World CO, Emissions by Region

TOTAL 2018: 32319 Mt CO,

EU27_2020

China

United States
Asia*

Middle East
Russian Federation
Africa

World bunkers**
Rest of the World

European Commission, Directorate-General for Energy, EU energy in figures : statistical pocketbook 2021, Publications Office of
the European Union, 2021, https://data.europa.eu/doi/10.2833/511498
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Estratégia na Europa (e em Portugal)
para a transicao energeética




Energy mix for the European Union

Percentagem de energias renovaveis no total de energia
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Em 2021, a UE produziu apenas As energias renovaveis tém apenas e
cerca de 44% da sua propria uma quota de 17% do mix energético @ H 209%
energia, importando 56%. europeu.
0%

Os produtos petroliferos tém a Em Portugal, as energias renovaveis S
maior quota do mix energético representam cerca de 30% do seu SR

europeu (5 fontes principais). mix energético.
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Other



Share of energy from renewable sources in gross electricity consumption, EU, 2021

P ° (% by country)
Consumo de eletricidade na UE .
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bruto de eletricidade dos paises europeus varia "
bastante. N1 | | T S | |
37.5%
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Luxemburgo (14.2%).

Sources of renewable energy in gross electricity consumption, EU, 2021

(%)
Em 2021, a energia edlica e a energia hidroelétrica R s
. . « . other renewanles -
representaram mais de dois ter¢os da eletricidade 8.1% i
total produzida a partir de fontes renovaveis. Solr 37.4%
15.2%

Hydro

A energia solar é a fonte em crescimento mais 2.3%

rapido. Em 2008, representava apenas 1% da
eletricidade consumida na UE.
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Percentagem da capacidade energética instalada
acumulada por tecnologia, 2010-2027

A Agéncia Internacional de
Energia prevé que a capacidade

o Entcense: ccovao  S0lArfotovoltaica acumulada
Swind108% quase tripligue, ultrapassando o
@ Bioenergy: 2.0% 4 2
o © Cosl. 256% gas natural em 2026 e o carvao
oa O Natural gas: 22.1% -
em 2027.
O
O . . 7
— Para este aumento contribuird o
R vwsteaumento dos precos de retalho

- da eletricidade e do crescente
//E// apoio politico, bem como ser a

o ///,& , opgdao menos dispendiosa.
| A capacidade edlica quase
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’ duplicara, motivada pela
aumento dos projetos offshore.
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P A produgao fotovoltaica iniciou com
instalacao de sistemas em modalidade de
Venda a Rede, com tarifa fixa e duracao de
contrato de mais de uma década.

Contador de conaumo
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1 Numa segunda fase, a instalacdao de sistemas
foi realizada na modalidade de autoconsumo.

Contador totalizador

[: de produgao

Contador bidirecional
de consumo & produgao
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Atualmente, estd a ser estudado o aumento da
capacidade instalada de producao fotovoltaica,
estando a ser analisada a criacao de uma

Comunidade de Energia Renovavel, para partilha
AEE. @ com outras instalagcbes da Universidade de
Coimbra e consumidores na proximidade.
ooo % ON




Emissoes de gases de efeito
de estufa

A penetracdao de energias renovaveis e a
melhoria da eficiéncia energética dos
processos e sectores comecam a ter efeito
claro na reducdao de gases com efeito de
estufa da UE.

Em 2022, as emissOes de gases com efeito
de estufa (GEE) da UE situaram-se 32%
abaixo dos valores de 1990, excedendo o
objetivo da EU de reducao de 20% até 2020.

O novo objetivo da UE para 2030 passa por
reduzir em 55% as emissdes de GEE em
relacao a 1990.

Outro objetivo da UE é tornar-se o primeiro
continente climaticamente neutro até 2050.

The European
Green Deal

1930 =100

M European Union | 68.3
M Portugal a7.8

T I I
1990 1

I I I T T I T I I I I T T T I T I I I I T T T I T I I
253 1996 1539 2002 2005 2008 2011 2014 2017 2020



O Pacto Ecoldgico Europeu
(EU Green Deal) tem por
objetivo criar 487 000
novos postos de trabalho
na UE até 2030.

A mao-de-obra precisara de
reorientar-se dos empregos em

industrias baseadas nos
» combustiveis fdsseis para os

sectores verdes emergentes e
para os sectores que apresentem
escassez de competéncias.

The European
Green Deal

»

E necessario mapear os requisitos
de competéncias verdes e
melhorar a requalificagdo e o
reemprego para o sucesso futuro
na economia circular e de baixo
carbono em todos os sectores.



Objetivo: Melhorar o desenvolvimento de tecnologias sustentaveis de energias
renovaveis e de combustiveis nas cidades, promovendo a sustentabilidade e a
circularidade e implementando um programas educativos inovadores, concebido em

RE conjunto com as partes interessadas, para desenvolver capital humano altamente

qualificado, a fim de permitir resultados com elevada replicabilidade em diferentes
sistemas educativos.

Innovation and Lighthouse Case Educational Industry-Academia Exploitation,
Stakeholder Network Studies Framework Partnership Dissemination &
Outreach
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Micro-
credentials

Sustainable Energy Technologies and
Strategies in Urban Environment

Decarbonization Strategies and Social
Innovation for Cities and Communities

Advanced Design of Sustainable Cities

Business Strategies for a Sustainable
Urban Transition

Sustainability by Design: Developing a
Resilient Built Environment

Innovation in the Urban Energy Sector:
Strategies & Management

Micro-Programme

Advanced Design of Sustainable Cities

Includes the following micro-credential courses

Introduction to Sustainable Finance

Data Analytics for the Energy Sector

Energy Management and Smart Communities
Decarbonisation of Thermal Energy

Analysis of Energy Consumption

Advanced Modelling of Buildings and Energy
Systems

Plus a choice of 2 from these micro-credentials

Economics and Physics of Energy Storages
Positive Energy Districts

Biogas Systems for Climate Transition
Enacting a Circular Economy

Small Scale Wind Power

Programme and courses developed by:

@ 6] UGA H

COIMBRA  piversita  Univemie




Abastecimento de agua e tratamento de
aguas residuais




Abastecimento de agua e
tratamento de aguas residuais

Este sector é energeticamente intensivo.

Metade do consumo é sob a forma de
eletricidade, representando cerca de 4% da
eletricidade total consumida mundialmente.

Prevé-se que o consumo energético do sector
aumente rapidamente, mais que duplicando
entre 2014 e 2040, devido:

 Aumento das captacdes de agua municipais e
industriais;

* Maior recurso a fontes de dgua nao
tradicionais;

* Maiores quantidades de aguas residuais a
serem tratadas a niveis mais rigorosos.

< 1600

TW

Transfer 1200
Wastewater
treatment
Re-use 800
B Desalination
Distribution
N Supply* 400

© Share of global
electricity
(right axis)

Source: IEA, 2016

2014

2020

2.3% per

2025

2030

2035

2040

8%

6%




Abastecimento de agua e
tratamento de aguas residuais

e Desafios:

* melhorar a eficiéncia energética;

e aumentar a penetracao de energias
renovaveis.

A instalacado de sistemas de producao
fotovoltaica sao uma excelente opcao para
aumentar a producao de energia renovavel no
sector.

/ e
IR

7
- \\

\\

Auditorias energéticas poderao ser importantes a
promover e disseminar a eficiéncia energética dado que
sao essenciais para avaliar e melhorar a eficiéncia das
instalagOes e processos.

Savings

% kWh €
WWTP1
Change the operating profile of the submersible mixers (oxidation 2.5 16421 1576
ditch)
Change the operating profile of the submersible mixers (anoxic 3.5 22989 | 2207
tank)
Change the operating profile of the recirculation pumps 0.2 1278 123
Replace the existing coarse bubble diffusers 6.8 44509 4273
WWTP2
Change the operating profile of the agitators (digesters) 7.0 53283 |5081
Change the operating profile of the submersible mixers (anoxic 11.2 | 85287 | 8188
tank)
Replace the existing coarse bubble diffusers 3.8 29233 | 2806

Permitem identificar medidas de implementacao
simples, que podem ser facilmente identificadas e
implementadas pelos membros das empresas sem
necessitar de recorrer a empresas especializadas.

Essas medidas permitem alcancar poupang¢as de energia
significativas sem comprometer o processo de tratamento.




Abastecimento de agua e s ‘

tratamento de aguas residuais

Além da instalacdao de sistemas fotovoltaicos, o
aproveitamento das lamas nas Estacdes de
Tratamento de Aguas Residuais para produgdo de
biogas podera contribuir significativamente para o
aumento da autossuficiéncia energética através da
geracao de energia (calor e eletricidade) no local.

ETAR |
@ Estagao de Tratamento de Aguas Residuais @

B ——
[ Espessamento de Lamas ] (Produgio de EnergiaD
\ /
[ Misturador de Lamas J [ Digestao Anaerébica] [ Decantagao Secundaria ]

[ Gradagem ] [ Decantagao Primaria ] i - C [ Filtragio ] [ Desinfecgdo ][ Cisterna ][ Devolugao ao Meio ]
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Exemplos de Sucesso

Em 2021, a energia elétrica produzida a
partir do biogas para autoconsumo
representou 19,7% (18 GWh) do
consumo de energia da

O aumento da producao de energia
elétrica resultou da aquisicao de novos
cogeradores em conjunto com a
otimizacao dos processos, como por
exemplo a melhoria a nivel de
espessamento das lamas.

-
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Fonte: Aguas do Tejo Atlantico, ADP

Fonte: Aguas do Tejo Atlantico, ADP




Descarbonizacao no sector dos edificios




Decarbonization of the building sector

Residential (Indirect), 30%
Buildings, 37%

Other Construction Industry,
10%

Other, 6%

Residential (Direct), 16%

Other Industry, 23%

Building Construction
(Embodied), 27%

Building Sector

All Sectors

Sources:
IEA 2021
ASHRAE Position Document on Building Decarbonization




Reaching a zero-carbon buildings stock by 2050 D4

Mandatory zero-carbon-ready codes for the residential and
commercial sectors by 2030
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Sources: |IEA 2021



How can the buildings energy performance be improved? ) J g

Building design and construction

Building and systems operation and

maintenance
= Architecture
= Construction solutions = Envelope maintenance and
=  HVACG, lighting, miscellaneous renovation;
equipment, .. = Daily operation (Occupant's behavior,
= |ncorporation of new and renewable control of setpoints, IAQ, ...)
technologies -

Energy systems maintenance and
renovation



Dynamic energy simulation tools for DAl
buildings and systems 4

A complex building shape » Simulation is the “imitation of the operation of a real-world process or
system over time”

» The model represents:

» the key characteristics or behaviors of the selected physical or
abstract system or process.

» the system itself, whereas the simulation represents the operation of
the system over time. [...]

» Simulation can be used for the evaluation of different solutions:
» From an energy and/or indoor ambient conditions perspective
Architectural aspects (shape, ...)

Windows positions and dimensions

Solar obstructions/shadings

YV V V VY

Passive or bioclimatic (Trombe wall, green roofs, natural ventilation,

Simulation tools . :
passive cooling, ...)

» Building materials and elements (glazing type, thermal insulation,
g new materials, ...);
r<
| » Site (facades orientation, exterior shading, ground characteristics,...)
Sng?,

TRNSYS18



Lightweight Buildings’ Construction

Winter
-
\ &
vl reilamsrad E 5
Summer

Construction time;
Costs

Material embodied;
Energy embodied

modularity;

Thermal bridges

Thermal mass (Mediterranean

climates)



Phase change materials (PCM)

Stored heat

A

Temperature
control during
phase-change

High storage
density with small
temperature change

Solid (sensible) Mushy

ISt P Sl —

Liquid (sensible) -

Top - Melting-peak temperature
for ideal PCMs

©

2 AT, - Melting temperature

"u:'; range for common PCMs
5

—— - h(T)for ideal PCMs

........

= === - fi(T)for common PCMs

Temperature

Free-form vs. Microencapsulated PCMVs

Techniques to incorporate PCMs in construction elements
avoiding liquid leakage: micro- and macro-encapsulation.

Free-form PCM’\!
Microencapsulated PCM \

Gypsum drywall

Metallic containment

TES unit)

PCM-drywall




Phase change materials (PCM) for the improvement of lightweight
buildings” energy efficiency

Exterior roof 12 m? window Input parameters
(43 solutions) facade G=0.7  Other zones of the building Sef of independent variables -
External shading devices Living room : Ef,r.hyca et L;_c::f:ca,gu.a Generic Opfimizafion Program % H
(venetian blinds) - Solar sbsortance coefiicientof the surface i Particieswarm optimization Value of the 8
' algorithm with constriction OF tobe BE
Output R coeflicient (P50CC) minimized ==
Optimized solution |@------ : ? ItErat\e
Exterior eastern wall :  process / oy
(169 solutions) Reference input parameters ' Simulation program R 5
- air-conditioned LSF residential room ' 5
= Construction elements and properties ' =
(zs/‘ A :;::;:nw;;al-:n'\l (E Output H
R . e edules - I o— - Cooling/Heating s
) —r- .3 ::\rlf;lfl Different for ) g:ij;jﬂ:"jd = _‘I:':_:ls;‘:'; CondFD solution algorithm clerﬁancls g §
Exterior southern wall ) N J U or oo €ach climate -Lighting - Cimate fie tosimulate phase changes E
(169 solutions) Exterior western wall Northen partition wall S ref,win - Equipment < Thamal brdging effact 5 H
(169 solutions) (169 solutions) 5k
adiabatic condition Ex
Annual performance 2 g
indicators g5
IESHa, IESCa, IESTa % B
gs
4
110 - 1l = Heating - reference room
7)) .
— 100 - ® 0.92 o 09 5 m Cooling - reference room
c .
g 90 - .370 g8 S mHeating - PCM enhanced room
. 3 K
> 80 .0.70 €0.72 €0.74 07 2 H Cooling-PCMenhanced room
N . -
E 70 4062 ' 5 #|ESCa
~ - 06 o
< 60 - 0.61 o @ IESHa
= 0.46 ¢0.50 -05 9 A [ESTa
[T— . 38 - 04 g Location Képpen-Geiger Climate description
(_g 40 T 0 33 A036 c classification
E 30 - 078 - 0.3 f Seville, Spain Csa Mediterranean climate (dry hot
© O 21 . 24 [ 0 2 o summer, mild winter)
§ 20 T : l 8 Coimbra, Portugal Csh Mediterranean climate (dry warm
Lu 10 i O 13 100 l () summer, mild winter)
' ge} Milan, Italy Cfa Humid subtropical (mild with no
E dry season, hot summer)
Paris, France Cfb Marine west coastal (warm summer,
mild winter, rain all year)
Bucharest, Romania Dfa Humid continental (hot summer,
cold winter, no dry season)
Warsaw, Poland Dfb Moist continental (warm summer,
cold winter, no dry season)
Kiruna, Sweden Dfc Subarctic (cool summer, severe

winter, no dry season)

Soares, N.; Gaspar, Adélio R; Santos, P.; Costa, J.J.. 2014. "Multi-dimensional optimization of the incorporation of PCM-drywalls in lightweight steel framed residential buildings in different
climates", Energy and Buildings, 70: 411 - 421. doi: 10.1016/j.enbuild.2013.11.072.



Thermal regulation of photovoltaic modules using thermal energy A#;

storage units with PCMs

currenc (1)

S |-V characteristics at different temperature

*
5
\ ]
) =
N variable = 50
1000 W ni2 25 °C § o resistance & a4 2
=2 (R) 3 A
= 2 o
> = - g
& = 1 -0
\ > : 0 T T T T
2 o 10 20 30 40

\ > i Voltage(V)

| Refrigeration system:

Rubber caps and epoxy 3Jmx3mx3m

adhesive scaling refrigerated l
room i
. W,

I () Compressor Dorin UA 1 75 CC

:: @ Evaporator Centauro DF-96

| @ Control panel

\
\I-

Filling the cavities
with the liquid PCM
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Soares, N.; Costa, J.J.; Gaspar, A.R.; Matias, T.; Simdes, P.N.; Durdes, L. Can movable PCM-filled TES units be used to improve the performance of PV

» High operating temperatures reduce the performance of commercial
polycrystalline silicon photovoltaic (PV) devices

» Experimental Apparatus

» 250 W STC-rated commercial polycrystalline silicon PV panels

» Horizontally and vertically oriented cavities, with PCM RT 22 HC on
the panels’ back

panels? Overview and experimental case-study, Energy & Buildings 210 (March 2020) 109743, doi: https://doi.org/10.1016/j.enbuild.2019.



Thermal regulation of photovoltaic modules using thermal
energy storage units with PCMs
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Soares, N.; Costa, J.J.; Gaspar, A.R.; Matias, T.; Simdes, P.N.; Durdes, L. Can movable PCM-filled TES units be used to improve the performance of PV panels?
Overview and experimental case-study, Energy & Buildings 210 (March 2020) 109743, doi: https://doi.org/10.1016/j.enbuild.2019.



Automated generation of Floor plan designs with
thermal performance optimization

Authors: Eugénio Rodrigues, Adélio Gaspar, Alvaro Gomes
Research project 2011-2014

Evolutionary Program for Space Allocation Problem (EPSAP) is an algorithm
developed for automated generation of floor plans.

EPSAP uses a hybrid evolutionary approach (evolutionary strategy enhanced with a
local search technique).

Genetic operators perform geometric transformation to the floor plans during the
evolving process.

Takes several architect preferences and constraints into account such as spaces
dimensions, multi-levels with stairs and elevators, window view orientation,

maximum areas, adjacencies, interior connectivity, exterior openings, multi openings

per space, building boundary etc..

The architect may screen the final generated solutions and compare designs and
choose which to be further developed in latter stages.

Rodrigues, E., Gaspar, A., and Gomes, A". (2013). An evolutionary strategy enhanced with a local search technique for the space
allocation problem in architecture, part 1: Methodology. Computer Aided-Design, 45(5):887-897. doi:
10.1016/j.cad.2013.01.001.

Rodrigues, E., Gaspar, A., and Gomes, A". (2013). An evolutionary strategy enhanced with a local search technique for the space
allocation problem in architecture, part 2: Validation and performance tests. Computer Aided-Design, 45(5):898—-910. doi:
10.1016/j.cad.2013.01.003.

Rodrigues, E., Gaspar, A., and Gomes, A". (2013). An approach to the multi- level space allocation problem in architecture using a
hybrid evolutionary technique. Automation in Construction, 35:482—498. doi: 10.1016/j.autcon.2013.06.005.
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Automated generation of Floor plan designs with
thermal performance optimization

) J

Authors: Eugénio Rodrigues, Adélio Gaspar, Alvaro Gomes
Research project 2011-2014

» The use of EPSAP and FPOP will benefit the architectural design process by reducing
time and associated costs.

» The architect may benefit from an enlarged number of generated alternative
designs, automated procedure to improve thermal comfort, and detailed reports on
each design solution.

» It is expected that such programs may help the architect in designing better
buildings by incorporating energy efficiency and thermal comfort measures from the
early design stages (space planning phase).

Rodrigues, E., Gaspar, A., and Gomes, A". (2013). A gradient descent technique ,coupled with a dynamic simulation to determine the near
optimum orientation of floor plan designs. In Kabele, K., Urban, M., Suchy, K., and Lain, M., editors, Proceedings of CLIMA 2013,
Prague, Czech Republic. Society of Environmental Engineering (STP).



Application - Large buildings with complex 4 o
surroundings
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Rodrigues, E., Fernandes, M. S., Gomes, A., Gaspar, A. R., & Costa, J. J. (2019). Performance-based design of multi-story buildings for a sustainable
urban environment: A case study. Renewable and Sustainable Energy Reviews, 113, 109243. https://doi.org/10.1016/j.rser.2019.109243.



Application - modular lightweight steel framed dwellings in hot

climates
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Rodrigues, Eugénio; Soares, N.; Fernandes, Marco; Gaspar, Adélio R; Gomes, Alvaro; Costa, J.J.. 2018. "An integrated energy performance-driven generative design
methodology to foster modular lightweight steel framed dwellings in hot climates", Energy for Sustainable Development, 44: 21 - 36. doi: 10.1016/j.esd.2018.02.006.
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Latitude

Today’s optimal thermal transmittance values will be similar to
future optimal thermal transmittance values.

Study analyzed coastal locations in the Mediterranean region using

a large dataset of virtual buildings (192 000) simulated with
morphed weather data to match one of the IPCC’s 3rd Assessment
Report climate model (HadCM3 model, 2050 A2 climate change

scenario).
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Project CLING - Climate change-based building design guidelines
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How future buildings should be designed?
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Monitorizacao e simulacao da qualidade
do ambiente interior
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Macroenvironment

MONITORING

Microenvironment

Indoor Environmental Parameters

Distribution of equipment emperature (1, °0) N Temperature (T, °C)
Relative Humidity (HR, %) = . A o
o Relative Humidity (HR, %)
:g Carbon Dioxide (CO,, ppm)
® ® Temp &RH § Particulate Matter (PM, pg/m?)
Science Museum : » o - llluminance (fux)

© Other Pollutants (Radon, etc.)

Joanina Library : © Microbiological (UFC/m?3)
& Noise (dB)

® Temp &RH

® Temp &RH & CO,
B Particulate Matter

llluminance

[CI=] eg |

a) ;_—;—. E!J—:———_—-—_E'J,'
a) Noble floor - balcony; b) Noble floor - ground; c¢) Intermediate floor; d) Prison floor.




SIMULATION
Joanina Library

Hygrothermal Simulation using Lighting Simulation using Matrix-based
Airflow Network model in EnergyPlus. methods in Radiance.

54
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The large dust loads result from the transport of particles adhering

to visitors, deposition on the carpet, and resuspension of particles
deposited on the carpet.

A seasonal pattern was identified due to the correlation between

Particulate Matter particulate matter in indoor air and precipitation (rainfall -> particle
drop).
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Temperature [°C]

SIMULATION
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USED TO SUPPORT DECISION-MAKING PROCESS:

» Study the impact of having an alternative entrance

* Design an HVAC system

 Evaluate the positive outcome of insulating the roof of the building
* Assess the tourism impact

* Simulate the thermal performance in case of climate change 57




Project AfroEnergy - Sustainable energy for health promotion in African households (2022-2024)

l

Faculdade de Engenharia, Univ. Missdao de formagcdao em Pemba, Fonte de energia da populacao
Ldrio, Pemba, Mocambique Mocambique, 2019 baseada em biomassa e carvao
vegetal
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CFD-modelacao numérica de escoamentos




Numerical
methods

Resolution of engineering problems
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Estudos sobre arrefecimento com energia
solar térmica e armazenamento de energia
térmica




Solar energy intermittence nature and daily and annual /¢
mismatch with thermal demand
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Solar Adsorption cooling system

Authors: Goncalo Brites, José Costa, Vitor Costa

Evaporator

Cold box

Fig. 2 — Solar refrigerator.

Adsorption materials: Silica gel; Zeolite;
Activated carbon, ...

Te Te Tads Tdes ’

Working principle



Hot water solar system + Adsorption module

Hot water tank

Hot water

outlet

Adsorber

Backup
heater

S)

Pre-heating tank

Cold water inlet —

—p4

» Advantages:

» Increases the overall efficiency of Domestic Hot Water
(DHW) systems

» Increases the thermal energy storage capacity (higher
energy density)

Decreases the thermal losses in DHW tanks

Decreases the solar energy waste in solar thermal
systems

» Decreases the backup heating energy



Simulation model
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Load profile Daily load

Results

» The system was simulated in TRNSYS+MATLAB

» A new hot water storage + adsorption module type was
developed

» The results for a typical 4 people family dwelling in
Coimbra (water tank of 250 L, and 3.7 m? of solar
collectors) point to a 16% annual reduction of backup
energy consumption [155 MJ reduction: 822 MJ - 667
MJ]

’

TRNSYS18 MATIAR



Adsorption Technology for Supplementary Storage of Thermal ’@(,
Energy2020-2023]

RD project with a hot water tanks manufacturer company to design, dimension, assemble, test, and
improve the system, encompassing 2 prototypes:

» Enhancement of the system’s i -I-QCh

configuration/operation

» Improvement of the simulation model

» Validation of the numerical model

» Testing of the system in different operation modes
» Proof of concept




AdsorSeason - Long-term adsorption solar-thermal energy M
storage [2023-2025]
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Programas multi e Interdisciplinares para a

Sustentabilidade e Transicao Energética
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EfS Initiative

To organize, in the energy and sustainable development
area, interdisciplinary answers to the challenges
presented by the study, conception, operation and
regulation of;

® Energy efficiency

® Power generation, distribution and storage
® Cities, buildings and industry

®* Mobility and territory

In the following three-pronged approach:

® Research & Development

® Educational programs

®* Transfer of knowledge and technology

S 1 ruToO DE
V E TIGACAO
"“RDISCIPLINAR

I

[ .

INTE
UNIVERSIDADE b

COIMBRA

N I
N S
N )



1st SEM

Indoor Environmental
Quality

Energy Conversion,
Production & Storage

Dissertation Project

Energy Management in
Buildings

Energy Economics and
Energy Markets

www.uc.pt/efs

Master study plan

Choose one in the branch color

Computational Fluid
Mechanics

Energy Simulation in
Buildings

Optative Course

Building Envelopes

Indoor Environmental
Quality

Industrial Ecology

Sustainable Mobility

Energy Management in
Industry

Choose one in the branch color
2nd SEM

Energy and Comfort
Audits
HVAC Systems
Buildings & Environment
Energy Planning &
Sustainable Develop.
Optative Course
Dissertation Project
Space Organization and
Environment
Buildings & Environment
Building Technology for
Facades & Roofs
Renewable Energy Policies for Energy
NRENS Markets Transformat.

C— Indoor Climate and Comfort
@@ Buildings and Urban Environment

@@ Energy Systems and Policies
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ECQU AL Co-funded by the
S Erasmus+ Programme
ol of the European Union

The European Campus of City-Universities
EC2U

A pan-European multi-cultural and multi-lingual Alliance

Selected by the European Commission in the pilot phase of European
Universities initiative (2020-2023)

under Erasmus+ Programme
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ECQU KR Co-funded by the
LS Erasmus+ Programme
ol of the European Union

Full Partner Universities: 7
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Investigacao e ensino: Contributos para a

transicao energética

Centro de Exceléncia de Formacao de Formadores para o Gas Natural

Universidade Lurio

18 de julho 2023

Adélio Rodrigues Gaspar

adelio.gaspar@dem.uc.pt
Departamento de Engenharia Mecdnica, FCTUC
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