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Abstract. In order to obtain a better building energy perfaance through envelope building optimization, aisiee

strategy to select appropriate thermal insulatioaterial is required. This paper presents an Mdtiteria Analysis
Decision (MCDA) methodology to select most adequealation material on industrial shed roof, anzlyg cost,
thermal comfort, water vapor resistance factor anermal diffusivity. To determine the appropriateulation choice,
thermal comfort indexes were obtained using ading performance simulation software (DOMY)$n which four

different insulation materials were used. This that comfort database has been utilized to thetigpuhe Genetic
Algorithm (GA), implemented in MATLAB® software jehhprovided the best choice of material and ramk several
insulation layers. According to weightfactors apglion the selected criteria for which the altermes are valued,
ranked and selected, the insulation material rodolhappeared as first alternative for thermal eneggfe from the
range of insulation materials analyzed.

Keywords: Thermal Insulation, Genetic Algorithm, Buildingr&ilation
1. INTRODUCTION

The oil crisis in the 80°s and the necessity oldig energy consumption reduction motivate otheatsgies of
energy efficiency beside HVAC system optimizati@nother approach to improving the energy efficien€puildings
is the application of optimized thermal insulatmmroofs and envelope of buildings.

The concept of energy efficiency in buildings is&a on promoting the thermal comfort to users \ath energy
consumption (Lambert®t al., 2014. Therefore, a building is more efficient than dm®wt when in the same
environmental condition, this presents a lower gmeconsumption. External environmental conditionghs as
geographic location and climate are important patams that should take into account in an enerfigiefit building
design. In addition, internal factors also haveagienportance, such as the building features (coriale public or
residential), periods of occupation and users hiehawnd activities.

In this context, to control the indoor thermal comfan appropriate insulation material selectian be a good
alternative. Thermal comfort defined by Fanger @97rescribes PMV (Predictive Mean Vote) and Ried
Percentage of Dissatisfied (PPD) thermal comfatekes. This comfort indexes are the most usedeistiidy of the
reactions of the human body submitted to diffedimiatic conditions.

Recently, Baniassadi et al.(2016) carried out stdif economic optimization using ENERGYPLUS sofeva
coupled to the genetic algorithm obtaining as tesudignificant variation of insulation thicknesscarding to region’s
climate. In this way, in this work, a genetic altfum has been utilized as an optimization tool iempénted in
MATLAB, from thermal comfort data obtained in a ldimg simulation software (DOMUS). In this caseyrfalifferent
insulation materials have been used on a industhiadl roof: EPS (Expand Polystyrene), PU (Polyareth, Fiber
Glass and Rock Wool. According to weight factqupleed to cost, thermal comfort, water vapor resist factor and
thermal diffusivity, the insulation materials wectassified to promove the best choice for desigrang decision
making processes.PROBLEM DESCRIPTION
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2. COMPUTATIONAL MODELING

According to Civic and Vucijak (2014), the use oktmal insulation on the inside of wall is unfavdeato
construction- physically point of view it is oftenore expensive due the need of additional probleshsng of water
vapor diffusion and safety aspects of fire resistanThe applications of insulations layers insite wall can
significantly change the heat flux and contribute main bean wall reaches a cold temperatures andecsate
formations. In addition, they suggest the use etil@tion layers on external side of buildings andppse criteria to
select best alternative and material considerimg liilding in cold weather must retain the maximofrenergy and
summer time not accumulate energy from outside hezat

Based on their work, the objective of this reseasgbroviding the optimum insulation material sél@e method in
range of Brazilian market in external applicatiarrdof of industrial shed. The selected criterizbhoose the material
insulation is analyses the follow alternatives the¢ valued, ranked and made final selection. Tleeehhas the
following criteria:

A) Cost of insulation for U=2V/n?.K in R$, criteria must be minimized
B) Thermal comfort PPD%), criteria to be minimized

C) Water vapor diffusion resistance factor, to be mmazed

D) Thermal Diffusivity (r?/s), to be maximized

The cost of insulation was determined by actuatipg in Brazilian market and was obtained from khiess and
density of each material which results a glodaat transfer coefficient. The Brazilian Standar@BRN15220 has
defined a global heat transfer applied for roofst ttlepends of geographic location. Curitiba citg baen located in
climatic zone 1 with an global heat transfer cagdfit of U=2W/n?.K.

Thermal comfort of proposed model obtained fromudation in Domus for different insulations materihd
thickness defines the input parameters relatedutllibg environment satisfaction for human utilinat According
Mendeset al (2003), Domus was developed to simulate buildirgglels and has concentrated physical formulation fo
calculation of temperature, relative humidity antergy balance, programed in*C language and has an interface
facilitated in CAD for editing geometries.

The water vapour diffusion resistance factor trestatibe the resistance of material to abandonnfemater vapour
into air, describe how water penetrate into malten smaller value means great permeability. Thian important
parameter considered because can influences thiatios layer cost of life cycle.

In the end, the thermal diffusivity is an importasatriable on thermal control of buildings, becaiisean express
how fast the building equalities the external terapge. Construction fabricated material with sniadirmal diffusivity
slows down the heat transfer and variation of tenatpees.

The computational model that was created on DORIJ&ftware CAD interface has been simulated based on
climatic arquive data applying four material selpatperties in the roof model. The model was desdgwith the area
300 mz oriented to north face as presented onvidtig Fig.1.

Figure 1. Industrial Shed Model

The model above has been created with solar geprartt orientation of the model has been designeithato
the angle of shape that has incidence for the kingeriod throughout the year. The Tab. 1 showdrttestrial shed
model simulations parameters and geometry dimession
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Table 1. Summary of building input data

Category Subcategory Indexes

Climatic Curitiba

Parameters Bioclimatic Zone 1

Orientation Front Side North

Building function ~Warehous Medium Volume

Building

Dimensions Total Volume 1506
Total Arez 300
Heights 4,n
Side wall 2,
Glazed total area 40m?
Doors area 36 7P

Walls Brick with 6 rolls (nm) 100
Plaster: 2 layersm) 25
Thermal transmittanc
(W/ m2.§ 268
Thermal Capacitancd{/
m2. 270.30
Solar Heat Factor 2.8
Emissivity 0.94
Absorvity 0.26
Number of Zones 1
Soil Albedo 0.2

Simulation Infiltration yes

Parameter Ventilation Natural
Initial Humidity 50%
Initial Temperatur 20°C
Simulation Time step 3600s
Reference Temperatt 25°C

The simulation were performed considering an irgetemperature of 2@ and external temperatures were
provided by climatic arquives. The simulation tistep of 01 h (3606) obtained 8760 values for four types of resistive
insulation material. The following Tab. 2 shows gelect material and respective thermal propedigsdied in roof

layers industrial shed model
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Table 2. Thermal Property of Roof Insulations Layer

_ _ Specific heat Diffusion Resistance Therm_al_
Materials DensityKg/n?) (/ Kg - K Factor Conductivity
J () W/ m.K
EPS (Expand Polystyrene) 40 2.000 100 0.040
PU (Polyurethant 32 1.04¢ 18t 0.01%
Fiber Glas 50 70C 1 0.05(
Rock Wool 180 735 5 0.039

3. COMPUTATIONAL PROCEDURE

Accord to Tuhus-Dubrow and Krarti (2010), Genetitgéithm (GA) based optimization approach uses the
evolutionary concept of natural selection to cogeeon an optimal solution over several conseclgeeerations and
differs from traditional optimization methods imamber of areas. First, rather than focusing onpwiential solution
at a time, the technique considers a set of soisiticalled a population. This ensures a global ambrao the
optimization and helps the GA avoid being stucloral minima, which can be a problem with other moels. Second,
the GA works with encodings of the parameters thetparameters themselves. Parameters are tradiji@mcoded as
binary strings, although other encoding options lmamsed. Finally, GAs use probabilistic methodsifetermining the
parameter values in each successive iteratiorgrétthn deterministic rules. In addition, they ddasthat GA’s that in
simulating environment, the GA optimization proceglumplemented using MATLAB, utilizes three steps:

1. Selection Process: The populations are rankeddenasng order by fitness value (after the cost fiancis
evaluated for each individual), and assign proli#slfor selection based on each individual's rahkirtual
roulette wheel is spun (by generating a random rurbbtween 0 and 1) to determine the members inghe
population selected for reproduction.

2. Crossover Process: Once the population for rept@muds selected, the individuals are paired offl an
“mated” using a crossover procedure. A cross painselected at random for each pairing, and tew n
individuals are created by joining the first pafrtiee first string with the second part of the setstring, and
vice versa.

3. Mutation Process: this process is the last stepenformation of the population for the next getiera and
involves flipping a bit at random in the populativom a 0 to a 1 or vice versa. Mutation is inteshtie prevent
the GA from converging prematurely and ensureso@ajlsearch. The mutation rate is set at the beginof
the algorithm. Finally, this mutated population dees the population of the next generation, angtbeess
is repeated until convergence is reached.

After generating thermal comfort index values, tesa obtained for the different insulation thiclsdms been
implemented in the optimization of the selectiortigd best insulators and the genetic algorithm oukthill be used.
Considering the thermal comfort index (PPD), theapeter (x), cost of insulation associate to thedsiR$ / cn), the
parameter (y), and vapor diffusion resistance pda@meter (z). All individuals of any populatiorosid represent the
variables x,y and z. A possible representatiorifervariables would be a vector of values (X, ¥, Z

Before use the GA to rank the best choice of ingramaterial, has been requeried to solve thectieh criteria
problem using the Multi-Criteria Decision Analys{MCDA) method, in which is more flexible than sthc
mathematical optimization techniques. In this cdsfore to define the GA computational resources inecessary
prepare the input data thought a normalization imm&tlues and assign weight factor for each altévaa Therefore,
the steps for this analysis are as follows:

1. Determination of maximum value and weight matrigtées matrix (Tab. 4)
2. Determination of Genetic Algorithm input normalizmatrix (Tab. 5)

To define the GA cost function the equation needdsociate with cost minimization, diffusion maxation,
thermal comfort index minimization and thermal d#ivity maximization. Once the weight matrix wasfided,
considered the important factors analyzing physicadiels and building cycle of life based on thegheimatrix factor,
the cost function with weight factor applied, abdwing:

025 015 )

Functiorfl) = 040* Insulatio€os{l) + 020* ThermalCdiort(l) + - + —
Watervapa@sistend®) thermalDifusivity
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As mentioned before, following the weight factortmathat define cost function for each individual use the
optimization tool on GA methodology, an weight facimatrix should be applied to define the objecfivection. The
function above has been implemented on the GeA&gmrithm code and controled all optimization criés.

4. RESULTS & DISCUSSION

The results for industrial shed model simulated Dsrfor PPD was performed in Fig.2 which shows tRDP
variation accord to different insulation thicknéssCuritiba climate zone archives.

PS (Expand Polystyrene) PU (Polyurethane)

Figure 2 — Annual PPD variation for different irstibn thickness.

As describe before, the cost of insulation terns walculated based on insulation thickness necessaeach
the global heat transfer coefficient of U¥#n?.K that is establish by an Brazilian standard NBR2Ib2t is depend of
the thermal conductivity and thickness. Using thertnal conductivity properties results on the fellog values for
insulation thickness on Tab. 3:

Table 3. Insulation thickness

Thermal
U=2 W/n?.K Thickness ¢m) Conductivity
(W/ m.K
EPS (Expand Polystyrer 2.0C 0.04(C
PU (Polyurethane) 1.75 0.017
Fiber Glass 2.50 0.050
Rock Woo 2.0C 0.03¢

To define the the Multi-Criteria Decision AnalysiMCDA) method has been necessary to define input
Genetic Algorithm matrix. The tables below show thatrix of MCDA preparation to input the resultsarGA code to
rank insulation layers. First, has been importanhormalize the factors value to obtain inputdha&t same scale of
mathematical greatness. The normalized factor neenbetrix was calculated dividing each element gximum
value for each factors. Once the normalized masrbalculated, was possible to have the input ‘wataeGA code. As
commented before, the weights factor has beendedun objective function (1) that directed alliogtzation process.
The Tabs 4 and 5 shows the factor values and GeAlgtdrithm normalized input values, respectively:

Table 4. Factors value, maximum value and weightrimn

EPS .
Polyurethane Fibre Rock .
Factors (Extend )EPU) Glass Wool Max.  Weight Qb)
Polystyrene)
Cost of Insulation for

(U=2W/m2.K in RS 7.12 13.50 3.85 2.40 13.5 40

Thermal comfort PPC%), 35.3( 40.3( 37.0C 34.2C  40.3( 20

Water Vapor Resistance Factar 100.00 185.00 1.00 00 5. 185.00 25
Thermal Diffusivity kip.cp) 0.0034 0.0013 0.0050 0.0066 0.0066 15
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Table 5. Genetic Algorithm normalized input values.

EPS .
Factors (Extend Polyurethane Fibre  Rock
(PU) Glass Wool
Polystyrene)
Cost of Insulation for
(U=2W/m2.K in R$ 0,527 1,000 0,285 0,178
Thermal comfort PPD%), 0,87¢ 1,00( 0,91¢ 0,84¢
Water Vapor Resistance Factor 0,541 1,000 0,005 270,0
Thermal Diffusivity k/p.cp) T 0,515 0,197 0,758 1,000

To define the rank of insulation material was neeegto input the Tab. 6 values on GA code impleeeim
MATLAB ® software. For the solution first ranked alternatis obtained as showed on table below. It is inguirto
realize if the weight factor is modified, the ramgiwould also modify. As a result after run the iempented GA code it
converge after 40 population interaction and 5legation resulting in optimized insulation rankedshewed below:

Table 6. Insulation Ranking using Genetic Algoritt@A) method.

EPS Polyurethane
Rank (Extend y Fibre Glass Rock Wool
(PU)
Polystyrene)
Genetic Algorithm Scort 0.6796 1.3628 0.7252 0.436:
Rank Positio 2 4 3 1

5. CONCLUSION

Using specific problem of roof applied to indudtisaed as practical case study, represented ieatific method
for selecting the alternative of insulation matefia outside envelop cover using Genetic Algoritf@A) method for
multi - criteria optimization. Genetic Algorithm &3 method provide that for select criteria and virggapplied reach
evaluation that the insulation material rock waofirst ranked alternative that should be usedHermal energy safe.
The worst-case scenario is the application of Rethiane (PU) for being most expensive material idengg that
price has a high score on GA objective functions important to realize that modifying the objgetifunction on GA
the results may vary and not converge to optimiesdilts.

Even the GA need a computational code programingriteasily implemented using MATLARBool and it can be
considered a successfully decision making codesadsly when it is necessary to determine the optich selection
component. The approach of ranked priorities basetMCDA provide much better arguments to decisioakers. It
is important to remark that based on model apgliedveight matrix can different define and resolie be changed.

In addition, besides choosing insulation buildingtemials, other important contribution of this resh is thermal
comfort simulations from hydrothermal software DOBIlassociate with water resistance and thermal silvify
factors as components on the Multi-Criteria Decisdmalysis (MCDA) method comprise the tooling rbilay that can
provide decisions maker algorithms and integraginysical modelling, environment and socio econofaitor to
selecting alternatives.

The aimed of this study was promoted the importasfcenergy efficiency associate to human thermahfoot
building utilization and reducing cost of investrh&oking ahead to sustainable constructions amadirng systems.

The research will continue into following two ditems: first improve models and simulate in DOMU&®reach
an optimized building design and applied differemulation layers materials. Other direction is i@ thermal
comfort for building users associate different ¢echs orientation, building geometric factors, naltwentilation and
other factors.
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