
Implementing VC technologies in kindergartens 

Location
Lisbon, 

Portugal

Building Type Kindergarten

Retrofit (Y/N) N

Surroundings (Urban / Rural) Urban

Ventilative Cooling Strategy SS and DV

Year of Completion 2013

Floor Area (m2) 680

Shape Coefficient (%) 32

Openable Area to Floor Area Ratio  (%) 8

Window to Wall Ratio (%) 18

Sensible Internal Load (W/m2) 53

STA KPI -

Climate Zone (KG) Csa

No. of Days with  Te max > 25 120

Cooling Season Humidity Low

Heating Degree days (Kd) 215

Guilherme Carrilho da Graça
Eng. Physics (IST), MSc (MIT), PhD (UCSD)

Assistant Professor in Building Energy Systems
University of Lisbon

Kindergarten design developed by Natural Works

2 Building Information

Parameter Level of  Influence

Initial Costs

Maintenance Costs

Energy costs

Solar Loads

Internal Loads

External Noise

Internal Noise Propagation

Air Pollution

Rain Ingress

Insect prevention

Burglary prevention

Privacy



Ventilative Cooling4

Control Strategies5

Season

Grille

0%= closed, 100% = 

open

Chimney

0º= closed, 90º = 

open

Window

0%= closed, 100% = 

open

Winter/Autumn
Day

Night

30%

0%

30º

0º

30%

0%

Spring
Day

Night

50%

50%

45º

45º

50%

0%

Summer
Day

Night

100%

100%

90º

90º

100%

100%



Design Simulation6

Parameter Value

Te , Summer External Temp 30

Tz , Summer Operative 

Temp
26ºC

Overheating criteria

Adaptive comfort model 

(80% acceptability 

limit) for 99% hrocc

Min IAQ air supply rate 7l/s/occupant

Cooling air supply rate -

Noise Level Rating -

Performance Evaluation7

Parameter
Typical year 

(TMY)

Total Hours > 25°C 12%

Occ Hours > 25°C 16%

Total Hours > 26°C 7%

Occ Hours > 26°C 10%
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Performance Evaluation10

Outdoor 

temp.

Corridor

temp.

Classroom CO2

concentration
Classroom air

temp.

18 April 21 April 24 April 27 April 30 April

Performance Evaluation11

Outdoor 

temp.

Corridor

temp.

Classroom CO2

concentration

Classroom air

temp.

Activity

rooom1 air

temp.

16 May 28 May 12 June22 May 4June 



Performance Evaluation12

Fig.20 ENERGYPLUS THREE-NODE DV MODEL TEMPERATURE RESULTS COMPARISON. 
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Thanks!!!!
Check the guide:




