BIM - industria 4.0
no contexto da sustentabilidade

Pedro Santiago PSPV Arquitectos associados, Ida



Porque construimos?



Por uma questao de
sobrevivéncia



A sobrevivéncia do
mais apto




A sobrevivéncia do
mais engenhoso




Temos a capacidade de criar o
nosso proprio habitat e
ecossistema



Ou sera que?!?
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A sobrevivéncia do
mais inapto?!?




ongest of the
pecies that

urvives, nor the

most intelligent,

but the one most
responsive to
change.

~Charles Darwin, 1809




Precisamos de adaptar-nos... a
um planeta em mutacao!



Nao podemos dar-nos ao luxo de
perder... isto!









Somos felizes aqui...

Sera possivel fazé-lo?
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BIM

€ UM Processo para a

Sustentabilidade



Reducao das Emissoes de CO2

Eficiéncia energética + Energias renovaveis
+ Materiais



Directiva EU EPB 2010
Manter o aumento da temperatura global abaixo dos 2°C
Os edificios sao responsaveis por 40% do consumo de energia

edificios "nzeb" sao necessarios - todos os edificios publicos até
2018 - todos os edificios até 2020



BIM para qué?

Tomada de decisoes
Desenho orientado por dados
Desempenho do edificio



BIM

para

Adaptacao!



3D

Existing Conditions Models

0 Laser scanning

o Ground Penetration
Radar (GPR) conversions

Safety & Logistics Models

Animations, renderings,

walkthroughs

BIM driven prefabrication

Laser accurate BIM driven

field layout

SCHEDULING

Project Phasing Simulations

Lean Scheduling

0 Last Planner

0 Just In Time (JIT)
Equipment Deliveries
Detailed Simulation
Installation

Visual Validation for

Payment Approval

]),

ESTIMATING

.

Real time conceptual

modeling and cost planning

(DProfiler)

Quantity extraction to

support detailed cost

estimates

Trade Verifications from

Fabrication Models

0 Structural Steel

0 Rebar

0 Mechanical/Plumbing

o Electrical

Value Engineering

0 What-if scenarios

0 Visualizations

0 Quantity Extractions

Prefabrication Solutions
Equipment rooms
MEP systems
Multi-Trade
Prefabrication
Unique architectural and
structural elements

SUSTAINABILITY

* Conceptual energy
analysis via DProfiler
Detailed energy analysis
via EcoTech
Sustainable element
tracking
LEED tracking

/D

FACILITY MANAGEMENT
APPLICATIONS

Life Cycle BIM Strategies
BIM As-Builts

BIM embedded O&M
manuals

COBie data population and
extraction

BIM Maintenance Plans and
Technical Support

BIM file hosting on Lend
Lease’s Digital Exchange
System




The building material pyramid Byggemateriale pyramide

Kg CO2/m2 material Kg CO2/m2 matariale

GWF analysis basad on EPD's (IS0 15604 Phase A1-A3 production.

GWP-anelyser udarbejdet pé bapgrund af EPD's (150 15604) Phase A1-A3 production.

Circular Construction - Materials
Architecture Tectonics, 2019
Pelle Munch-Petersen
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Solution A Solution B
Concrete and Brick Wood
MATERIALS MATERIALS
Name Embodied Carbon | Embodied Energy Name Embodied Carbon | Embodied Energy

Brick

121 663,06 kgCO; 1520788,29 Ml
Concrete Concrete

14 307,48 kgCO; 98 948,91 MJ 14307,48 kgCO, 98 948,91 M)
Concrete - Structural Gravel

250326,32 kgCO; 2427 406,78 MJ 145,12 kgCO, 2408,94 MJ
Gravel Insulation - Mineral Hard

145,12 kgCO, 2408,94 M/ 36 757,61 kgCO, 472 279,61 M)

Insulation - Plastic Hard

Membrane - Rainproof

18 550,24 kgCO,

474 061,80 MJ

9 474,36 kgCO,

235942,18 MJ

Membrane - Rainproof

Membrane -Vapor Barrier

9474,36 kgCO,

235942,18 MJ

4 158,69 kgCO;

165 270,34 M)

Membrane - Vapor Barrier

Plaster - Gypsum

4 158,69 kgCO» 165 270,34 MJ 5085,80 kgCO, 70418,83 M)
Plaster - Gypsum Plaster - Lime Sand

5085,80 kgCO» 70418,83 M) 5708,56 kgCO, 37 624,60 MJ
Plaster -Lime Sand Reinforced Concrete-Structural

5708,56 kgCO, 37624,60 MI 51081,08 kgCO, 491 813,72 MIJ

Reinforced Concrete - Structural

Timber-CLT

102 162,16 kgCO;

983 627,44 MJ

0,00 kgCO;

409 746,53 M)

Timber - Floor

Timber - Floor

8 389,94 kgCO,

186 414,08 Ml

83839,94 kgCO0,

186 414,08 MJ

|539971,75 keCO:

6202912,18 MJ

TOTAL

135 108,65 kgCO,

2170867,74 M)







Energy Consumption
(Environmental impact C02)

TOTAL ENERGY

OPERATIONAL
ENERGY

EMBEDDED
ENERGY

Years
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DefinicBes Ambientais

Locaizagio e Clima:

3848 9" N, 915 2710 Localizagio de Frojecto..

@ Forte climadtica: PRT_Lisboa 035360 1 Dades Climaticos...

Nivel do Tereno:
" Distincia de afastamento
© Modelado por elemenios de Malba

Transferéncia de Calor de Superficie..

Tipo de Solo: | Cascalho B

Condutividade Térmica 1400 WimK
Densidade 220000  kaim?
‘Capacidade de Calor 1800,00  Jihgk
Envolventa: | Jdardim B
Reflectinela do Chio | 20 %

Proiecgio do Vento...

Somoreamento Horizontal..
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COMFORT STRATEGIES
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Evaporative Cooling
1,8% - 235 hours

Passive Solar Heating
82,3% - 7210 hours

Comfort
4,2% - 369 hours
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Tipo

Orientagio

Bloce Térmice

Total Area cpaca

Total Area envidragads
Area total

A abrir Catélogo..
Transmitincia Solar Total
Transmitincia Solar Directa
Ardlse Solar

Total Perimetro

Opaco Valor U
Envidragado Valor U

Ghobal Valor U Varios

Valor-Psi de Perimetro
Infiltragdo
Sombreamento

!__;B Janala L)
Varios F ﬂ'
Varios
10,88 m*
50,56 m?
6145 m*

4900 %
39,00 %

«/ Abrir Andfse..,
145,196 m
186 Wim?*K.
128 Wim®K

0,13 W/mk
0,23 ifsm
Persiana Exterior

Andkisa Solar
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] 5 0 1® 2 27
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Avaliagdo de Desempenho Energético
[Project Number] Habitagao

Key Values

General Project Data
Project Name:

Gity Location:

Latitude:

Longitude:

Altitude:

Climate Data Source:
Evaluation Date:

Building Geometry Data
Gross Floor Area:

Treated Floor Area:
External Envelope Area.
Ventilated Volume:
Glazing Ratio:

Habitagao
Belas - Sintra

38°48'9"N

9° 15'21"W

264,00 m
PRT_Lisboa...0_IWEC.epw
23/05/2019 15:43:07

400,27 m
358,26 m
505,74 m?
881,87 m*
1 %

Building Shell Performance Data

Infiltration at 50Pa:

Project Energy Balance

2,01 ACH

Heat Transfer Coefficients U value

Building Shell Average
Floors:

External:

Underground
Openings

Specific Annual Values
Net Heating Energy:

Net Cooling Energy:
Total Net Energy:

Energy Consumption
Fuel Consumption:
Primary Energy:

Fuel Cost:

CO; Emission:

Degree Days
Heating (HDD);
Cooling (CDD):

Supplied Energy per Week

I~ 405.4

Emitted Energy per Week

Thermal Blocks

0,63
0,60 - 0,60
0,20-0,92
0,61-0,95
1,61-2,42

0,00
0,00
0,00
1,68
1,68
5,03

0,36

2231,77
1592,25

[Wim*K]

kWh/m?a
kWh/m?a
kWh/m?a
kWh/m2a
kWh/m?a
kWh/m?a
EUR/m?a
kg/m?a

Lighting and Equipment
601,2 kWh/a

Added Latent Energy
4727 KWhia

Human Heat Gain
1089,6 kWhia
Solar Gain
9325,0 kWh/a

. Transmission
6261,1 kWh/a
Infiltration
312,8 kWh/a
. Ventilation
4793,6 kWh/a

1/25

Thermal Block Zo‘nes Operation Profile Crosslilcorases \LDIUD
Assigned m? m?
I 001 Sala 1 Residéncial 56,48 129,79
002 Cozinha 1 Residéncial 19,75 46,12
I 003 Quarto suite 1 Residéncial 25,52 54,97
il 004 Quarto sul 1 Residéncial 17,85 38,88
005 Quarto 1 poente 1 Residéncial 17,09 38,69
[} 006 Quarto 2 poente 1 Residéncial 19,53 42,41
007 Quarto sul rc 1 Residéncial 15,59 33,26
008 Distribuigéo 3 Residéncial 42,21 94,74
l 009 Instalagées sanitarias 4 Residéncial 26,77 55,97
010 Cave 5 Nao condicionado 159,47 347,05
Tatal 1q ann 27 /K1 R7
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“Buildings use about 40% of global energy, 25% of
global water, 40% of global resources, and they emit
approximately 1/3 of GHG emissions.(...)"

http://www.unep.org/sbci/AboutSBCl/Background.asp
consultado em abril de 2018



“Cities are major contributors to climate change:
although they cover less than 2 per cent of the
earth’s surface, cities consume 78 per cent of the
world’s energy and produce more than 60% of all
carbon dioxide and significant amounts of other
greenhouse gas emissions.(...)"

http://unhabitat.org/urban-themes/climate-change/
consultado em abril de 2018



“Yet, buildings also offer the greatest potential for
achieving significant GHG emission reductions, at
least cost, in developed and developing countries.
Furthermore, energy consumption in buildings
can be reduced by 30 to 80% using proven and
commercially available technologies.(...)”

http://www.unep.org/sbci/AboutSBCl/Background.asp
consultado em abril de 2018
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Ser humano+Tecnologia + Natureza = Sustentabilidade




Obrigado!



