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building elements
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outdoor temperature
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ventilation 30 m3/h.person
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ExtExt.. IntInt..

ConcreteConcrete

ExtExt.. IntInt..

ConcreteConcrete + + InsulationInsulation

Objectives
Ti +  

Tsi > Tdp
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Results
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Thickness (cm) 0 1 2 3 4 5 6 7 8 9 

Tmin 0.4 1.6 2.3 2.9 3.3 3.7 4.0 4.2 4.4 4.6

Tmáx 30.7 33.1 34.6 35.5 36.3 36.8 37.3 37.6 37.9 38.1

Year

T5% 7.5 8.8 9.7 10.2 10.6 10.9 11.2 11.4 11.6 11.7

Tméd 15.8 17.5 18.5 19.2 19.7 20.1 20.4 20.6 20.8 21.0

T95% 23.6 26.0 27.4 28.3 29.0 29.5 29.9 30.3 30.6 30.8

Days with surface
condensation on

walls
33 12 4 2 1 1 1 1 1 0

Days with surface
condensation on

ceiling
126 22 4 4 1 1 1 1 1 0

29 Dec

Results
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Average air temperature in January
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OPTIMIZATION PROGRAMME

Minimize

Restrictions
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Minimize z = cT x + dT y
subject to:    

f(x) + A1y  b1
A2x + A3y  b2
l1 x u1, l2 y u2

x

y

OPTIMIZATION

K

z = 0

decreasing
direction of z

Optimal solution

f.o. linear 

K – nonlinear 
feasible region 
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OPTIMIZATION – CASE STUDY 

Problem with Nonlinear 
Constraints

Software 
GAMS/MINOS

Project Lagrangian
Algorithm
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JANUARY SELECTED DAYS
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Indoor Temperature – January 4
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Surface condensation – January 4
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RESULTS

Simulation – January 25
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RESULTS

Simulation – December 29
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Simulation
Detailed inputs

Detailed results

NSB 2011 - 26N.M.M. Ramos  / I.M. Ribeiro /J.M.P.Q. Delgado / V.P. de Freitas / T. Esteves

Optimization derived from
full analysis repetition

Optimization
programme

Simulation merged in
optimization process
Simplified model with
simpler inputs 
Easy to use with
acceptable results


