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ORIENTE STATION

PAVILION OF PORTUGAL

MUSEU NACIONAL DOS COCHES
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ENERGY 
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CARDIO COMMUNITY NATURAL 
VENTILATION

REDUCING SITE EUI

ZERO CARBON FITNESS ZERO MECHANICAL 
COOLING

ZERO ELECTRICITY 
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Anuual Hourly Dry Bulb Temperature of Lisbon

Dry ball Temp/now 2020 2050 2080

WWEEAATTHHEERR  AANNAALLYYSSIISS

ANNUAL WIND SPEED and DIRECTION

ANNUAL TEMPERATURE AND FUTURE WEATHER DATA

Wind Speed: 1m/s_ Light air (1)
                        10m/s_Fresh breeze(5)
                        



Lisbon Metro Gym Visits

Portuguese Gym Visits

GYM
Sta  s  cs on indoor gyms:
• In 2016: 15.8% of the Portuguese (15 years old and more) frequent-

ed indoor fi tness clubs
• Lisbon Metropolitan Area: 18.4% of the popula  on with 15+ years 

old (2014)



Exis  ng Bike Lane in Lisbon
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PPRROOTTOOBBLLOOCCKK  DDEESSIIGGNNPPRROOTTOOBBLLOOCCKK  DDEESSIIGGNN

Protoblock 2 

Retail: 3 Floors
Residen  al: 6 Floors, 9 Floors
EUI: 71 kWh/m2
sDA: 45
FAR: 2.54
WWR: 40%

Protoblock 1

Retail: 2 Floors
Residen  al: 5 Floors, 8 Floors
EUI: 42 kWh/m2
sDA: 49
FAR: 1.23
WWR: 40%

Protoblock 3 

Retail: 4 Floors
Residen  al: 4 Floors, 8 Floors, 9 Floors
EUI: 75 kWh/m2
sDA: 50
FAR: 2.12
WWR: 40%

• Higher FAR with setbacked fl oor plans 
• Providing balconies with ocean views. 
• Single fl oor height common space for bet-

ter natural ven  la  on.

• Create inner block courtyard 
• Sky courtyard for common space and wind  

penetra  ng.
• Free the ground level for the poten  al of 

ac  vi  es and be  er walkability.

• Incremental Change of Height for Minimiz-
ing Daylight Blockage. 

• Maximize South Orienta  on
• Elevated Incrementally For Wind Penetra-

 on And Flood Resistance.

1 2 3



FFLLOOOORR  PPLLAANNSS

Building Depth: 15 meters

Building Depth: 10 meters

Building Depth: 15 meters



OUTDOOR THERMAL COMFORT

APRIL 9:00 JULY 9:00 DECEMBER 9:00

Extreme Heat Stress

Extreme Cold Stress

50oC

-50oC

No Thermal Stress



APRIL 15:00 JULY 15:00 DECEMBER 15:00

50oC

-50oC

Extreme Heat Stress

Extreme Cold Stress

No Thermal Stress

OUTDOOR THERMAL COMFORT



APRIL 18:00 JULY 18:00 DECEMBER 18:00

50oC

-50oC

Extreme Heat Stress

Extreme Cold Stress

No Thermal Stress

OUTDOOR THERMAL COMFORT

*According to local residents’ life pa  ern, 18:00 is the frequent choice of  me for outdoor ac  vi  es.
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CFD ANALYSIS

WIND PRESSURE DIFFERENCE DISTRIBUTION



CFD ANALYSIS

0 - 1 Pa

1 - 4 Pa

  > 4 Pa

Pressure Diff erences Color Coding



SOLID BUILDING BLOCKS

0 - 1 Pa

1 - 4 Pa

  > 4 Pa

Pressure Diff erences

CFD ANALYSIS



CFD ANALYSIS

ELEVATED BUILDING BLOCKS

0 - 1 Pa

1 - 4 Pa

  > 4 Pa

Pressure Diff erences



CFD ANALYSIS

PERMEABLE BUILDING BLOCKS

0 - 1 Pa

1 - 4 Pa

  > 4 Pa

Pressure Diff erences



CFD ANALYSIS

OPTIMIZED BUILDING BLOCKS

0 - 1 Pa

1 - 4 Pa

  > 4 Pa

Pressure Diff erences



DESIGN PROCESS













MMAASSTTEERRPPLLAANNMMMMAAMMMM RRPPPPLLAAMMMMAAMMAA AANNEESSTT NNLLAALLAAEESS AANNAA N

RetailRetail

Offi  ce Offi  ce 

Residen  alResiden  al

Green SpaceGreen Space

Tagus River
DownDown

DownDown

UpUp

Block Dimension: 
90m x 100m
Main Street Width: 16m
Sub Street Width: 6m
Park Width: 70m

ZERO CARBON FITNESS: The el-
evated bike trail demonstrates electric-
ity-free fi tness granted by the feasible 
climate
ZERO MECHANICAL COOLING 
:the permeable building geometry pro-
vides more wind penetra  on across the 
site ensuring the required natural ven  -
la  on
ZERO ELECTRICITY :the PV panels 
used as shading device can off set the 
electricity use while reduce indoor heat 
load at the same  me.



Ameni  es Global Weight:
• Jogging Trail: 6
• Grocery stores: 3
• Restaurants: 3
• Coff ee: 2
• Shopping: 2
• Banks: 1
• Books: 1
• Entertainment: 1
• Tennis: 1

WWAALLKKAABBIILLIITTYY



0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)

Generation
Consumption

0

50

100

150

200

250

300

350

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)

Generation
Consumption

0

50

100

150

200

250

300

350

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)

Generation
Consumption

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)

Generation
Consumption

-250

-200

-150

-100

-50

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 10111213141516171819202122232466 7 88 88192021222324

1056.7 kWh

(kWh)

(h) 1124.2 kWh

-200

-150

-100

-50

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)1192021222324

1659.4 kWh

861.1 kWh

-300

-200

-100

0

100

200

300

400

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

(kWh)

(h)77 88 88192021222324

1752.7 kWh

1079.4 kWh

-250

-200

-150

-100

-50

0

50

100

150

200

1 2 3 4 5 6 7 8 9 10111213141516171819202122232466 7 8 99

(kWh)

(h)17718192021222324

679.3 kWh

1308.0 kWh

Mar 21st Jun 21st Sep 21st Dec 21st

PPVV DDAAIILLYY GGEENNEERRAATTIIOONN VVSS DDAAIILLYY EELLEECCTTRRIICCIITTYY CCOONN--
SSUUMMPPTTIIOONN

Mismatch Electricity:

• Sell back to the grid • Use for electricty sharing car/scooter 



2534240kWh/year

3460365kWh/year

8425502kWh/year

Lighting Electricity Consumption 2534240kWh/year Equipment Electricity Consumption 3460365kWh/year Natural Gas Consumption 8425502kWh/year
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Lighting Electricity Consumption 2534240kWh/year

Equipment Electricity Consumption 3460365kWh/year

5963600

Annual Energy Consumption Electricity Consumption vs. Electricity Generation (kWh/year)

Electricity Generation by PV panels 5963600kWh/year

PPVV AANNNNUUAALL GGEENNEERRAATTIIOONN VVSS AANNNNUUAALL EELLEECCTTRRIICCIITTYY
CCOONNSSUUMMPPTTIIOONN
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Operational Electricity Cost PV Electricity Income

Annual Electricity Cost and Income

ANNUAL ELECTRICITY COST AND INCOME

• Electricity price for households (2016) = 0.2350 EUR/kWh
• Natural gas price for households (2016) = 25.35 EUR/Gj (= 0.091 EUR/kWh)

$

$

PV generated electricity income covers 
70% of annual opera  onal electricity 
cost.



EENNEERRGGYY  SSUUPPPPLLYY  SSYYSSTTEEMM

MINI SPLIT SYSTEM

Split-system air condi  oners come in two forms: central and mini-split 

Central Air Condi  oning
Inside heat-exchanger inside the central furnace/AC unit of forced air hea  ng system
Used in the summer to distribute chilled air throughout en  re building
Usually large and placed in a basement or a   c.
Mini-split System or Ductless System 
Supplies chilled air to only a single space
Flexible and can have mul  ple heads a  ached to the condenser allowing cooling in more than on space.
Benefi ts of Mini-split System
Allows design and installa  on fl exibility 
The compressor and heat exchanger can be located further away from the inside space
Central air systems are more diffi  cult and expensive to install in exis  ng homes 
effi  cient, quiet, easy to install
Able to cool only the space you are in at the moment and also can be a heat source.



SSHHAARREEDD  EELLEECCTTRRIICCAALL  CCAARR//SSCCOOOOTTEERR

Shared  Scooter - Ecooltra
new start-up, but successful business with already 170 scooters in Lisbon

Shared Cars - City Drive



PARKING




