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Abstract According to some existed studies, one of the economic sectors to
achieve sustainability, is the household appliance sector. However, given the
different issues (e.g. energy and water consumption, reliability, initial cost,
design, noise, illuminance, etc.) to be considered, together with the existence of
several brands and models from the market, brings some difficulties to a
consumer, who wants to reach a good compromise between them, given its
concerns, regarding each dimension of sustainability, namely; economic, social
and environmental. By using multi-attribute value theory, combined with
Evolutionary Algorithms (EA), it’s possible to achieve sustainable solutions
from the market. In this work, it’s presented an approach to support a consumer,
by achieving a set of sustainable household appliances from the market, based
on its preferences and needs. A case study shall be used, to give an example of
a global solution, where several benefits are achieved, including environment
and economic ones.

Keywords: Decision Support Systems, Consumer Preferences, Sustainability,
Multi-Objective  Optimization, Multi-Attribute Value Theory (MAVT),
Evolutionary Algorithms, Life Cycle Cost Analysis (LCCA).

1 Introduction

According to [1], sustainability measures are needed, with buildings representing
about 39 % of the global energy consumption.

From that percentage, approximately 16% of the world’s final electrical energy, is
due to the residential sector ([2]), thus representing an important sector to be
improved, through the use of sustainable actions or measures.

One way to do it, is through the electrical household appliances, where there has
been made some improvements regarding energy efficiency and sustainability in
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general ([3-6]). Such incentives, includes measures like the mandatory labeling ([4]),
provides information to the consumer, regarding each electric household appliance
(e.g. capacity (refrigerator), water and energy consumption (washing machine), initial
investment (air-conditioner) ,etc.), with the goal of adjusting each available solution
to the consumer’s needs ([4-5]).

Although the benefits achieved with this kind of measures, it’s somehow hard for a
typical consumer, to obtain the best solution, adjusted to its needs and preferences.

This happens due to the existence of different options/solutions, available on
market, whether in terms of brands and models, or even related to its features ([5-7]).

The introduction of multicriteria methods, such as multi-attribute value theory
(MAVT), can support the consumer to preform sustainable choices, that attends, not
only its preferences, but its concerns and needs as well, according to three
sustainability’s dimensions, namely, environment, economic and social.

Through previous work, evolutionary algorithms (EA), based on NSGA 1I
algorithm, have been applied with success, when solving the type of problems
presented in this work ([8-11]), by even solving with more efficiency than other
methods ([10]), providing different and feasible solutions.

Therefore, and by following the research line, presented on previous works ([9-10]
and [12-13]), this work presents an approach, supported by MAVT and NSGAII
methods, to assist the consumer, by providing from the market, a set of sustainable
appliances, adjusted to its different needs and priorities.

The approach presented here, will be demonstrated through a case study, from
which, it is achieved a set of sustainable equipment’s, that not only maximizes the
consumer’s economic, social and environment wellbeing, but also attends its
preferences and needs.

Research Question

How to support a consumer, by choosing energy services (equipment for the
residential sector) to achieve sustainable solutions to promote their economic, social
and environmental well-being?

Hypothesis

H1: If by using Multi-Attribute Value Theory (MAVT), to include criteria on behalf
of economic, social and environmental dimensions, combined with Multi-
objective Evolutionary Algorithms (EA), it’s possible to achieve sustainable
solutions from the market of household appliances.

2 Relationship between the PhD Work and Technological
Innovation for Life Improvement

This work is part of an approach, which was developed for a PhD work, applied on
behalf of Technological Innovation for Life Improvement, with focus on human
wellbeing.
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By acting through different scientific areas, such as energy efficiency, decision
support systems, ecological footprint, evolutionary algorithms, product life cycle
assessment, among others, and promoting a digital world by suing tools and concepts
such as evolutionary algorithms from artificial intelligence and multicriteria decision
making, it’s possible to provide a better and sustainable future with high quality of
life.

The impacts of such approach allow to enhance health and environment across the
globe, by achieving at the same time, suitable and sustainable products to each
individual, and improving its quality of life.

Therefore, this work can make some contributions specially at a sustainable level,
maximizing therefore, the environmental, social and economic wellbeing, of
everyone. The main goal is to support the decision-agent decisions, with an approach,
implemented through an app, that allows the provision of sustainable solutions,
regarding a set of criteria pre-established.

3 Literature Review

From several approaches, available on literature, the use of simulation methods, based
on “what if” scenarios, is one of them (e.g. [13-14]), being normally used to explore a
restricted number of an alternative solutions.

Other approaches, although, are mainly based on economic analysis, allowing to
maximize energy savings, for a given initial investment (e.g.[15]), while other
methods, explores retrofitting measures, based on benefit-cost analysis, CO>
consumption, thermal comfort, investment savings, among others (e.g. [13][16]), with
some of them, being combined with other systems too (e.g. [15-17]).

However, many of these approaches, presents some limitations, since it doesn’t
consider other relevant issues (e.g. energy labelling, environmental, legal, social
issues, among others) to achieve solutions, adjusted to the needs of each
person/occupant. Furthermore, they don’t account the different attributes regarding
each appliance available on market and suitable to the number of building occupants.

Recently, there are some works where it was developed multicriteria decision
making (MCDM) based methods, to support consumers, or even professionals, in
order to solve problems regarding building’s retrofitting, by considering issues, like
energy efficiency, the internal environment comfort and the depreciation of building
elements (e.g. [14][17-19]). Others are based on the ranking of alternative options
(e.g. [18-20]).

While MCDM methods, allows to choose the best set of feasible solutions, the
adopted criteria are normally conflicted between each other, allowing thus, to obtain a
solution that it is impossible to be optimal, considering all criteria.

Other MCDM models, found on literature, and based on Multiple—attribute value
theory (MAVT), have been combined with optimization techniques to obtain feasible
solutions (e.g. [11][17-21]).

However, these approaches don’t account the different criteria regarding each
electrical appliance available on market, regarding each dwelling and occupants.



64 R. Santos et al.

Approaches, based on metaheuristics, have been also deployed into energy
problems, as an efficient tool to achieve a set of feasible solutions, such as Particle
Swarm Optimization (PSO) methods (e.g. [8]) and methods based on Genetic
Algorithms (GA) (e.g. [13]), among others.

Although, none of these approaches have been integrated into a combined
approach to choose sustainable appliances to a consumer, based on a set of attributes.

4 Research Contribution and Innovation

The method presented in this paper, intends to support a consumer, who wants to buy
a set of energy services (household appliances), existed in the market (Figurel).

Each set of equipment’s, are related to a given household appliance (energy
service), considered to be bought by the consumer, and it corresponds to a set of
candidate solutions, from which, it will be sclected one solution at a time, to be
proposed by the approach (Figure 1) as a sustainable individual solution, chosen
based on the consumer’s preferences, together with its concerns, regarding each
sustainability’s dimension.

Consumer’s space decision - E
r

- Sustainable
& solutions,
suitable to
1 the consumer

What washing
machine to buy?

What .I.E.I-;cllical I j
furnace to buy? Multi-Attribute Value Theory
% n Clusters -
' = il | cfdatE,
Consumer’s & ﬂ H
Preferences ud L

(design, nglmng Frldge Dish W ﬂshmg Machine

reliability,
appliance’s
noise,...) . . @:

Air Conditioner Dn'er ma:hmg Cloth “ashmg Eleemc
Furnace

o
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‘G the market
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O
==t

(n® occupants, area, available budget, ...)

Fig. 1. Proposed approach (rough view).

The approach, presented on Fig. 1, can be better explained through a detailed
view, presented on Fig. 2, where the 1% stage starts with the pre-selection of a set of
candidate solutions ( ) from the market, and based on specific criteria.

Although the correspondent attributes/criteria, remains the same, the
correspondent values, varies according to the number of occupants.

The adopted criteria used here, allows the pre-selection of the household
appliances, available on market, so the decision space, can be reduced, considering
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only the options, adjusted to the consumer needs, as well as to increase the efficiency
of NSGALII, by obtaining optimal and feasible solutions with less time.

Consumer inputs

. Bulding Occupants B O =

. Energy services to Energy Service
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to the problem
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Fig. 2. Proposed approach (detailed view).

Therefore, and based on Fig.2, the pre-selection gives us a set of candidate
solutions (Xij) , Where each one, can be formulated as an option i, associated to an

energy service/household type j , to be bought by the consumer on market.

A consumer’s consumption profile, was also considered, to preform Life Cycle
Cost Assessment (LCCA) for each appliance, to achieve the corresponding savings,
regarding energy consumption (SE.COHSH(Xij))’ initial investment (va,,(xi,-)) and water

consumption (s (Xij>)' Such savings were obtained through the comparison

H20.Cons;
between the sustainable solution and the correspondent “less sustainable” (i.e.
standard) one.

Considering the several issues, associated to each solution, as well as the
consumer’s social, economic and environment concerns, a set of criteria was
established, for each energy service, and regarding the three dimensions considered,
i.e.: A-Economics, B-Social and C-Environment. These criteria are shown on Table 3.
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Table 3. Criteria defined according to the household appliance (energy service) type.

Household Dimension Dimension Dimension
Appliance . Ref. . Ref. . Ref.
type A-Economics B-Social C-Environment
COze (Avoided)
Energy Efficiency Al Durability Bl Emissions el
Labeling i [h] ’ during the usage i
phase
Percentage of
. recycling Tu.C2
TNlu—light
e material [%]
CO2e (Avoided,
Energy Color 2e (. "Tm ed)
Cons.Savings Rendering Emissions
(Life Cycle— Tu. A5 Tndes ( ) Tu.B5 d:)r(;l‘:gdi;i Tu.C3
Usage phase) [€] [%] P phase
COze (Avoided)
Energy Efficiency Noi Emissions
Labeling AC.AL olse ACB1 during the AC.C1
. (Indoor) [dB] .
(Heating) production
phase
AC_ A Products can be
— Air .
Conditioning mpz;e; Py AcC2
professionals
Energy Efficiency Customer COée (_A‘deed)
labelling AC.A6 Service ACB9 _nassions AC.C3
. during the usage
(Cooling) (warrant) phase
COze (Avoided)
Energy Efficiency i Emissions
. FEA1 Design FE.B1 . FEC.1
Labelling during the usage
phase
FE.— Oven Accessibility
(Electric) (Product FEC2
repaired by
other people)
Perceived COze (Avoided)
Investment Satisfaction Emissions
cost[€] FEAS (by other FEB.5 during the end FEC3
clients) use phase
COze (Avoided)
E Effici Emissi
NeTey BINCENCY | airpoaa Design MLLB.1 srssions MLL.C.1
Labelling during the usage
phase
COze (Avoided)
E_rmssmns MLL.C2
MLL— during the end
Dishwasher use phase
Durability MLL.C3
Water Cons. Perceived Water
Savings (Life Satisfaction Consumption
MLL.A6 MLL.B.6 MLL.C4
Cycle—Usage (by other (Life Cycle—
phase) [€] clients) Usage phase)

Therefore, MAVT was used to assist the consumer, by assessing a set of

sustainable appliances, based on the attributes presented on Table 3.
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Through these attributes, it was defined a decision variable (Xiﬂ_gn)), related to

each candidate solution/household appliance i, and belonging to a given appliance
type/energy service j . This variable is defined based on criteriat , associated to an
appliance type j and problem dimension g (i.e. A-Economical; B-Social and C-
Environmental), namely:

g={A,B,.CIAj :{1,2,..,7}/\t:{{l,Z,..nAJ}u{l,Z,..nB]}u{l,Z,..ncj}}AnAj,nB‘,ncl,t,jer @

By following these notation and according to the criteria defined before, on Table
3, together with the assumptions made, the correspondent decision-variable, regarding
each attribute considered (X:J_gn)), can be aggregated and framed into a set of pay-

off/behavior tables, regarding each energy service j. On Fig. 3 a), it’s shown an
example of this table, considering the energy service/household appliance type “Air
Conditioner”. The correspondent table, regarding the respective (vigg“’(xigg"’)) values,

were achieved by using MAVT and the following relation:

)

(950) (90)
‘xij ! _Xij(;:/ursl)
(950)

(95)
ij (best) ij (worst)

X,

Xiagj.) [ »

] Vi(jg,‘)(xi(jq,())

Since that each decision value (vffl‘)(xfjg")) ) works with different scales and units,

an equation was adopted to define the relation between the new and the previous
(9j) i ; i
value of X, respectively (V;n(xi(ig.‘))) and (v‘”(xfjgﬂ)))* by also using the worst and

ij

better results, and by considering a given criteria g, , i.e.:

@) ((950) ijl)(xigg“))_vw‘”s‘u (X‘("g“))‘ (2) (4(950) (3)
vy O — (o) Gy [T 08
Il I
Vbelleru ( Xij ) - VworstIl (Xij )
On Fig.3, it’s given an example for an evaluation table (“Air Conditioning”).
A‘C-‘ Ay Ay Az% B, By BZnBZ Cau Cp CZHCZ
(ongy ) 21 2. (Barg, ) 21 2 (Corc,)
Xip [ XG0 xR @ X XL
(Ras,) (Bang, ) » 22 (Cang,)
Xz X;;n) X;:?Z) e Xy " X;zgz‘) X;ZEZZ) e Xy Xg) X;g) e Xy
(A2ny,) (Bang, ) " 2 (Corc,)
X102 Xi((;;n) X’l([)AZﬂ) XlDZ " X’l(DB21 XI(EZZZ) Xi 2 XI(S:Z ) XI(EZ ) X’lDQ
a)
AC. ‘ Ay A, Azn,‘z By By anﬂ2 Cy Cy Czncz
(Rony,) (Bong, ) . 2 (Carc,)
X [ o0E™) V0E™) o V00 ™) We(xE) Wo(xE™) e V06, 7™) V(KE) V(E) e v (0,7)
(G (Borg,) - - (Carc,)
X [V ((57) Vp(XG™) o Vp(%™) V(X)W (XG7)  Vel,™) Vip(Xg) V(X)) V(™)
X (A) (A2) () (B2) (B) (Bare, ) (B2) (C2) Carcy)
102 V102(X102) v102(X102) leZ(XIDZ ) v102(X102) v]OZ(XIOZ) leZ(X’lOZ ) VlOZ(Xl()Z) V102(X102) V102(X102 )

(95)

Fig. 3. Example of evaluation table (Air Conditioner): a) x,ﬁgn); b) . (x(o0y-
1 ij \Nj
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The final values were then calculated and stored in evaluation tables such as the
one presented on Fig. 3 b), regarding each variable and energy service considered.

Then, an additive model, was used to aggregate such values, by considering each
solution i regarding each household appliance j. Such aggregation is formulated by
using three different objective functions, each one regarding to a sustainability’s
dimension considered. These functions are further optimized, by employing an
optimization technique, based on NSGAII algorithm.

In this work, it was considered 10 appliances (candidate solutions), for each type of
appliance. On total, there was considered here, 7 type of appliances (Figs. 1 and 2).

Besides the budget constraint, other constraints were considered in this work (e.g.
appliances noise, air conditioner capacity, water consumption, among others).

Thus, and considering the MAVT model, this problem can be defined as:

max V, (x), c/m=AB,C (4)
subject to x € X c/V, (x)= [VA(x),VB(x),VC(x)]T

With x, being the decision variable, being defined as:

X e X :Xe{x(A"‘) x &1 x(ci‘)}/\t,i, jel (5)

ij L] ')

where,
j={L..10} A j :{1,2,..,7}/\'[:{{1,..,nAj}u{l,..,nBj}u{l,..,ncj}}/\nAj,nBl,ncl en (6

Being V, (%) Vg (X) and Ve (X) objective functions, referring each one, to a

sustainability’s dimension considered, namely; A-Economics, B-Social and C-
Environment.
Therefore, each aggregate objective function, is achieved by:

V,00=33v,(¢%) wig={AB,CIAv, (") anny tjel ()

j=1 t=1

Thus, and through (7), the 3 objective functions, can be defined as:

Economic Well -being : maxV, (x) = >3 v, (x{*') ®)
=1 t=1
Social Well —being : maxV, (x) = Y. > v, (x{) ©)
=1 t=1
Environment Well —being : maxV, (x) = ZZ(l—vj (x(jc"))) (10)

j=1 t=1
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The second objective function (Social Well-being), is defined based on the
attributes, stablished in this work together with the ones already defined on previous
works, and regarding the remain objective functions (Santos et al, 2018) and Matias et
al, 2019).

Furthermore, the functions of value v, (x), v, (x) and v, (x), were combined into

a unique aggregated cost function, to be further optimized, as the model’s objective
function. This objective function, will be pondered by a weigh factor (a)g)

expressing therefore, the relative importance given by the consumer to each
sustainability’s dimension, thus resulting into:

Vigar (X) =V (VA %),V (), Ve (%)) = @,V (X) + @5 Vg (X) + 2 Ve (X) (11)

Thus, and based on (2),(7) and (11), the model’s cost function, can be described

ng; (X(Bﬂ) _X(Bn)) ne; (X(CJ‘) —X(C")) (12)
‘o Z efect. j pior. j +o Z 1- efect. j pior. j
melhor.j pior.

(X'“E"W i N Xmor i )
This objective function, is subject to a set of constraints, regarding the
sustainability’s dimension, such as:

as:

nAl
j=1 t=1 —-X

melhor . j pior. j

n (X(A") - x‘A“’)
Vioal (X) = Z wA'Z (X(A,.) (A,‘))

Economic — Budget:

r: Z; I (x ;) <availablebudget (775, ) < 21: X\ x ) < (13)
i= i=
=2

Social (Comfort) - Lighting (minimum [lluminance)

(Bis)
r, el K,>E,, with K = Fun (light properties) (14)
A F,
Social (Comfort) - Heating/Cooling needs
r.: X(Bz3) > Q (15)
32 = Xth.Aquec.(proj.)
- y(Baa)

r4 ) XZ “2 ch.Arref .(proj.) (16)

Environment — Noise:
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<y (Bu) i
1 Xy < Noisey

01—‘

U’!q

2 : Xi(2821) S NOisedef.Z (17)
c/li=5ej={23457}

B
r56 ) ) < NOISedef 6

[ xi7 ) < Noise, ;

Environment — Water consumption

r, ;X3 x17, 5 <Cyg

(18)
I, X479 x1 1z, <Cy

Since this work reflects a PhD research, and given the relevant results achieved, it
was considered (at first approach) a model, that accounted only 2 of the 3 dimensions
referred here. Then, it was developed a model with the tree approaches.

Therefore, the NSGAII’s individual framework (Fig. 4) used here, regards the
approach for the 2 and 3 dimensions of sustainability, since that for the approach with
2 dimensions, the structure is the same, although considering only 2 dimensions each.

Individual solution

Ex:Cloth Washing Machine

Economics Social Envir

Individual
Solutions

Economics Socal Eavironmental

Economies Social Eavironmental

Lighting Refrigerat Dish Washing Machine

Enviroumental Economics| Secial Enviommental | Economics ‘Eavironment al

Fig. 4. NSGAII’s individual framework.

Thus, on both approaches, it was used real codification for the NSGAII’s
individual framework (Fig. 5), given the nature of the decision variables, used in this
work.

The case study, presented here, was used for both approaches, referred before and
it was considered a consumer, who wants to buy a set of household appliances from
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the market to its home, namely; dryer machine, lighting, air conditioner, dish washing
machine, washing machine, electric oven and refrigerator.

The same consumer has a budget of 2300 € to buy the appliances, and it’s intended
to obtain a set of sustainable options, that maximizes its social, economic and
environment wellbeing, according to a set of tree relative importance weights,

namely; @, (economic)and @y (social) and @, (environment).

The total number of the building’s occupants is four. The area of the building,
mainly the area of living room, was also considered, given the consumer’s intention,
by acquiring an air conditioner (heating and cooling needs), as well as to equip the
building’s living room with lighting.

The consumer’s profile was also considered, through a set of assumptions based on
the hours, weeks and years. However, the consumer can also define its usage profile,
based on its needs, or by using the profile presented here, by default.

3 Results and Discussion

As it referred before, NSGAIlI (Non-Sorting Genetic Algorithm 1) method was
employed, by using Matlab, to optimize the aggregate function developed and
presented on previous section.

Regarding the NSGAII’s parameters, it was adopted the following techniques:
roulette, as the selection method, doble point, as the crossover method and normal
random, as the mutation method.

The remaining parameters, regarding population size, crossover and mutation rate,
were obtained and tested on previous works with only two dimensions ([9][13]). Such
results were achieved after being performed several runs and experiments, regarding
the change of such parameters.

The stop criteria were also tested, where it was achieved the maximum number of
generations to be considered.

The behavior of NSGAII, in terms of combinations with crossover and mutation
rates, was also tested on [9], by preforming several combinations of crossover and
mutation rates, to achieve a suitable combination of both.

Thus, the NSGAII’s parameters used, were; a population size of 120 individuals, a
max number of generations of 80, a crossover rate of 0,75 and a mutation rate of 0,15.

The NSGA II, was then applied to preform several scenarios, given the
consumer’s possible concerns, which was expressed by the correspondent values in

terms of “weights”, and regarding each one to a sustainability’s dimension, i.e.; @,
(economics) and @y (social) and @, (environment).

Therefore, and for each scenario, it was considered a different set of weights
(a)A, Wy, O ) , in order to obtain different Pareto frontiers/surfaces, where each node

represents a candidate solution, i.e., an aggregate sustainable solution, formed by the
household appliances, regarding each energy service to be required.
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The purpose, was to assess the model’s behavior through the achieved results,
namely by assessing the impact of changing @, , g and @ .

On Fig. 5, it’s presented different scenarios, regarding only two sustainability’s
dimensions.

V (x)— Econanmics
.
¥, (x)— Economics
.

10

V.(x)- Emvironment Vy(x)- Social

a) b)

Vy(x)—Social
.

V. (x)— Environmental

9]
Fig. 5. A Pareto Frontier, considering different scenarios of wa, ws, wc; a) Economical vs
Environmental (oa = 0,72, ms = 0,00, oc = 0,28), b) Economical vs Social (oa = 0,72, ws =
0,28, oc = 0,00), c) Social vs Environmental (oa = 0,00, ws = 0,72, oc = 0,28).

Sixteen candidate solutions were chosen considering the last generation by the
algorithm, achieving therefore, a Pareto frontier.

Each point (or node) shows a global sustainable solution, formed by a set of
sustainable (and individual) solutions (electrical appliances) by considering each
appliance type, to be acquired by the consumer.

By looking at Fig.5, it’s possible to see the different trade-offs existed between the
different scenarios and the impact of the correspondent weights (relative importance)
used. For instance, on Fig. 5 a), we can see the trade-off, existed between the
Economic and the Environmental well-being, with other trade-offs being noticed on
Figures 5 b) and 5 c).
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The impacts of the weights (a)A,a)B,a)C), are also evident, where the

predominance of each dimension is achieved with raising of the correspondent weight

(e.g. Fig. 5¢)).
One of the nodes, it’s presented on Table 4, regarding each scenario, by
accounting a budget of 2300 € and 10 years of life cycle.

Table 4. A set of achieved solutions, regarding different scenarios (wa, ws, ®c).

Efficient o
Electrical sg"l‘“;"d sol. oo Energy Water sioe
Household uHn  Total VeStmENt o psumption  Comsumption  S™FRS Afanufacturer Model type
Appliance | T e SUR@ T @i U0 )
PP Invest. (€) € e (kg)
Light 15.89 0953 534 59.40 - 2890 GE EFL23W
M
8 Air - .
4 : 36800 29900 69.00 1320 60 131570 Whirlpool PACWIHP
3 5 | Refigeror 23400 39900 26500 709.30 - 972 BECKEN Be2016 Ix
-3 8 o
2 g Washing 310.00 349.00 -39.00 320 423.00 690 Bosch SMS25AI00E
; - Machine
£ 50 | Dishwasher ;
& g ] e 27220 24990 33.00 560 32210 9510 INDESIT EWE71252 W
g Oven 17000 199.00 -29.00 170 - 220 Zanussi ZZB21601XV
= | Clothesdryer 34900 419.00 -700 1230 - 170 Electralux EDP2074PDW
§ Total 171909 192443 36166 211115 745.10 146022 -
Light 1589 0953 534 59.40 - 2890 GE EFL23W
o
249 | ¢ ‘:“' 36800 29900 69.00 1320 60 - 131570 Whirlpool PACWIHP
g " | Refigerstr 25000 52900  -279.00 708.10 - 870 Candy CFET 6182W
ol Washing )
f1EE N 31000 34900 -39.00 320 12300 690 Bosch SMS25AI00E
£E8S
g e Dishwasher _ - _
iie Mo 26200 29400 3200 690 317.00 9480 Siemens WIL2A222ES
g g Oven 17000  199.00 -29.00 170 - 220 Zanussi ZZB21601XV
[}
g | Clothesdrer 34900 419.00 -700 1230 - 170 Electrolux EDP2074FDW
Total 172789 209853  -37466 211220 740.00 145890 -
Light 15.89 69.65 534 59.40 - 2890 OSRAM 3316242
o Adr
=2 R 35200 279.00 69.00 131950 - 132260 SAMSUNG  AQVO9PSBN
[}
g § | Refiigerator 25000 52900 27900 708.10 - 870 Candy CFET 6182W
w 85 o
g ET | Tz 5010 s 810 220 13205 780 BATAY 3VS303TE
-
I " Dishwasher . - y
& é i Mo 26200 29400 3200 690 317.00 9480 Siemens WIL2A222ES
E g Oven 17100 701.00 -28.30 282 - 233 Electralux EZC2430A0X
Wl
5 | Clothesdrver 36800  449.00 -68.00 1020 - 182 BOSCH WTES4107EE
Total 173899 267364 37106 210912 749,05 1466 95 -

According to Table 4, if the consumer, choses the solutions provided by this
method, he can save for about 1727,89 €, avoid for about 1458,9 kg of CO; and
saving approximately 740,06 liters, regarding water consumption, based on the life
cycle defined (10 years).

Based on Table 4, Scenario 3, if the consumer choses the solutions, provided by
this method, he can save for about 1738,99 €, avoid for about 1466,95 kg of CO, and
saving approximately 749,05 regarding water consumption.

Based on both trade-offs, presented above, it was considered a scenario with three
dimensions and their correspondent consumer’s relative importance, i.e., ma = 0,65,
o = 0,25 and oc = 0,10. The correspondent Pareto surface is obtained on Fig. 6 .
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Fig. 6. Pareto Surface. Economical vs Social vs Environmental (wa = 0,65, ws = 0,25, oc =
0,10).

Based on Figure 6, in the obtained Pareto surface, the crowding distance between
the final solutions obtained, is higher in the region where the Economic dimension
has more dominance, followed by Social, and at last, the Environmental one. This
dominance order, between each dimension of sustainability, is somehow expected,
given the relative importance’s values (weight) considered ins this case for each
dimension (oA = 0,65, ®B = 0,25 and oC =0,10).

One of the nodes from that region, are shown on Table 5, regarding a sustainable
solution, achieved for a budget of 2300 € and a life cycle defined, of 10 years.

Table 5. One of sustainable solutions, achieved from the pareto surface (oa = 0,65, ws = 0,25 e

oc = 0,10).

Efficient N
Electrical S;:l’“'.“" sol. § Energy Water coz
lution Investment . .
Household Total B ion Consumption - Manufacturer Model type
Anpliance Total Invest Saving (€) Savi -oided (avoided)
App Tnvest. (€) & avings (€) (avoided) (I) (k)
Light 16.88 1904 535 €220 27.60 Phillips LEDspotMV
Air _
o 3200 279.00 £9.00 1319.50 132260  SAMSUNG  AQVOSPSEN
Refrigerstor 23400 39900 -265.00 709.30 972 BECKEN Be2016 Ix
Washing 31000 34900 -3.00 320 2300 690 Bosch SM525AI00E
Machine
Dishwasher 7050 24950  -33.00 5.60 32210 95.10 INDESIT EWE71252 W
Machine
Oven 1700 701.00 2830 28 233 Electrolwx  EZC243040X
Clothes dryer 36800 44900 -68.00 1020 182 BOSCH WTES4107EE
Total 172480 247594 26265 211230 74510 146607 - -

According to Table 5, if the consumer, choses the solutions from this method, he
can save for about 2112,30 €, avoiding for about 1466,07 kg of CO, and saving
(approx.) 745,10 liters in terms of water consumption, according to the life cycle
considered in this study.



Ju—

A Decision-Making Tool to Provide Sustainable Solutions to a Consumer 75

4 Conclusions and Future Work

In this work, it was proposed a decision support method, to achieve sustainable
electrical appliances, existed on market to a consumer, according to tree dimensions
of sustainability, namely, Economic, Social and Environment.

The proposed approach has made use of a set of established criteria, in order to
pre-select a set of candidate solutions, existed on market, and by following the
consumer requirements.

By using such criteria (adjustable to each consumer’s requirements), it’s possible
to define the decision space, formed by a set of candidate solutions, according to each
type of appliance considered to be bought by the consumer.

Additionally, it was used additional criteria, integrated with MAVT, in order to
model the preferences of the consumer, based on the tree dimensions of the problem,
presented in this study.

The main goal of these procedure was to improve the consumer well-being, by
acting on tree problem dimensions referred above, and according to the importance,
given by the decision-agent (consumer).

After modelling the preferences of the consumer, where it was also accounted the
ecological impact in terms of savings (e.g. water and CO,), together with economic
issues (energy consumption and initial investment savings) based on the lifecycle cost
assessment (LCCA) of each household appliance, NSGAII was then applied, by
maximizing the tree objective functions referred before.

The method presented in this work, allows to maximize all the tree dimensions of
sustainability, considered here, by getting a group of sustainable (and alternative)
appliances, existed on market, and suitable to each consumer preferences and
concerns.

This also allows the consumer, to achieve a set of savings regarding energy
consumption, CO2 emissions, and water consumption.

As a future work, this approach could be extended into other energy services with
a relevant impact in terms of sustainable development, like information technology’s
equipment’s (e.g. computers, printers, among others).

According to what was mentioned before, all the defined attributes can be used
into other world regions, although with some adjustments, given the differences on
energy label classification frameworks.
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