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An energy-efficient appliance normally presents a lower energy consumption compared to a less efficient one, with a higher initial investment, although this not always happens. Additionally, each appliance, presents very different features, leading to some difficulties on its choice by the consumer (decision-agent). On the other hand, each consumer, has specific and distinguished needs from other consumers, namely of social, economic or environmental nature. Even by adopting these criteria, this is not an isolated guarantee of an optimal solution for the consumer. It is then necessary to complement this approach with multicriteria, combined with optimization techniques. Evolutionary Algorithms (EA), could be used as an optimization technique, to provide sustainable solutions to the consumer, from the market. In this paper, it's presented an approach that integrates both concepts, where at the end, it shall be presented a case study, to demonstrate the application of the proposed method.

Introduction

The residential sector, plays an important role, in achieving Sustainable Development (SD), with buildings accounting for about 40% of the energy consumed [START_REF]IEA: Energy Efficiency 2017 -Market Reports Series[END_REF] [START_REF] Gul | Understanding the energy consumption and occupancy of a multipurpose academic building[END_REF].

In the last years, there was made some energy efficiency improvements, regarding electrical household appliances. One of such measures, was the mandatory labeling [3] [4], which allows to inform the consumer about important issues, specifically regarding each appliance (e.g. energy consumption, noise, capacity (fridge), etc.), promoting therefore a suitable use, adjusted to its needs [START_REF] Wong | Comparing energy efficiency labelling systems in the EU and Brazil: Implications, challenges, barriers and opportunities[END_REF].

However, and given the several options available on market (brands and models) as well as the appliances' features, it's difficult to analyze their benefit-cost ratio and therefore, what's the best solution to adopt, to satisfy the consumer needs [START_REF] Fell | Energy services: A conceptual review[END_REF] [START_REF] Hoxha | On the necessity of improving the environmental impacts of furniture and appliances in net-zero energy buildings[END_REF].

In this sense, Multiple-Attribute Value Theory (MAVT), could be used as a method, based on a set of criteria, to define the space decision and both objective functions.

Furthermore, the use of optimization techniques, combined with MAVT, can support the decision-agent (consumer), by achieving sustainable solutions, through the household appliances to be acquired.

Given the previous work from [START_REF] Santos | Energy Efficiency in buildings by using evolutionary algorithms: An approach to provide efficiency choices to the consumer, considering the rebound effect[END_REF], Evolutionary Algorithms (EA), have been successfully applied to solve this kind of optimization problem with less time than other algorithms, given their stochastic nature and global search ability [START_REF] Santos | Energy Efficiency in buildings by using evolutionary algorithms: An approach to provide efficiency choices to the consumer, considering the rebound effect[END_REF] [START_REF] Asadi | Multi-objective optimization for building retrofit strategies: A model and an application[END_REF].

Therefore, this work aims to contribute to the following PhD research question, by proposing an integrated approach, based on MAVT and Non-dominated Sorting Genetic Algorithm II (NSGAII), to provide sustainable solutions to the consumer and from the market, concerning Water, Energy and CO2 savings, satisfying at the same time his different needs according to a set of criteria.

Research Question

Is it possible to develop a holistic model (Economic, Social and Environmental dimensions) to support decision making, based on evolutionary algorithms (EA), that allows the decision agent to obtain sustainable solutions?

Hypothesis

If by using Multi-objective Evolutionary Algorithms (EA), combined with Multicriteria analysis, it's possible to achieve several sustainable solutions to the consumer, by selecting household appliances from the market.

Relationship between the PhD work to Industrial and Service Systems

As it mentioned before, the industry and service sectors are going through profound transformation towards digitalization and integration of new levels of "smartness", originating therefore the 4 th industrial revolution. This transformation, is led by terms such as Industry 4.0, Smart Manufacturing and Economy 4.0, giving therefore an interdisciplinary character, expressed by an increasing digitalization and interconnection of systems, products, services and business models. The link between the physical and the cyber worlds, as well as the integration of the "exponential technologies", are key features of this innovation trend.

The paper presented here, is part of a methodology, which is being developed on behalf of a PhD work, to be applied in the context of the 4 th Industrial Revolution.

Given its multidisciplinary character, by establishing the interconnection between several and different concepts (e.g. energy efficiency, investment decisions, environmental impact, evolutionary algorithms, product life cycle, among others) as well as being a link between physical systems and cyber worlds, this work can make some contributions specially at a sustainable level, maximizing therefore, the environmental, social and economic wellbeing for each decision agent (e.g. household consumers, companies, public institutions, etc.).

The example of application, presented in this work, can be extended to electrical appliances, regarding industry services, as well as other devices, applied in industry.

The approach presented here, can be suitable at the same time, to the world's different changes (e.g. prices, technology innovation, legislation, etc.), being therefore, a technological Innovation for Resilient Systems.

Therefore, the main goal is to support the decision-agent decisions, with a methodology, implemented by an app, that by making the interconnection between physical systems and cybernetic world, can provide sustainable solutions, regarding a set of criteria pre-established.

State of the Art/Related Literature

Methods like simulation (e.g. [START_REF] Pombo | Sustainability assessment of energy saving measures: a multi-criteria approach for residential buildings retrofittingda case study of the Spanish housing stock[END_REF]) based on what if analysis, are usually employed to investigate a limited number of an alternative options.

There are some approaches, which are mainly economical, allowing therefore to obtain highest energy savings, for the same initial investment (e.g. [START_REF] Jafari | An optimization framework for building energy retrofits decision-making[END_REF][START_REF] Mauro | A new methodology for investigating the cost-optimality of energy retrofitting a building category[END_REF]). Other approaches, explores several issues like benefit-cost analysis, initial investment, CO2 savings, among others, related to retrofitting measures (e.g. [START_REF] Heo | Scalable methodology for large scale building energy improvement: relevance of calibration in model-based retrofit analysis[END_REF]), where some of them, are even combined with measures and technologies too (e.g. [START_REF] Mauro | A new methodology for investigating the cost-optimality of energy retrofitting a building category[END_REF]).

However, this type of approaches is considered somehow limited, since it does not account other important factors (e.g. environmental, energy labelling, legal, social factors, among others) to find solutions, suitable to the occupant needs, as well as, they don't consider the different criteria regarding each household appliance, available on the market, and according to the number of household occupants.

Nowadays, some works have developed multicriteria decision making (MCDM) models to support professionals to solve problems, associated with the retrofitting of buildings, by taking into consideration factors, such as the degradation of building elements, energy efficiency, and internal environment comfort. (e.g. [START_REF] Caccavelli | A European diagnosis and decision-making tool for office building upgrading[END_REF]), although others, are based on the ranking of alternative solutions (e.g. [START_REF] Kaklauskas | Multivariant design and multiple criteria analysis of building refurbishments[END_REF]).

Although MCDM, allows to choose the best alternative on each set of viable options, the criteria adopted are usually conflicting on nature, giving therefore a solution that it is impossible to be optimal against all criteria.

In the same context, there are also other MCDM models, as well as Multiple-attribute value theory (MAVT) models, found on literature, that combines optimization with multicriteria techniques in order to obtain feasible solutions, by exploring many alternative measures/solutions, pre-selected, according to a set of criteria, suitable to the consumer needs (e.g. [START_REF] Pombo | Sustainability assessment of energy saving measures: a multi-criteria approach for residential buildings retrofittingda case study of the Spanish housing stock[END_REF][START_REF] Jafari | An optimization framework for building energy retrofits decision-making[END_REF][START_REF] Mauro | A new methodology for investigating the cost-optimality of energy retrofitting a building category[END_REF][START_REF] Heo | Scalable methodology for large scale building energy improvement: relevance of calibration in model-based retrofit analysis[END_REF]).

However, such approaches don't consider the different criteria regarding each household appliance, available on the market for each dwelling and its occupants.

Methods based on metaheuristics, have been also applied into energy problems, as an efficient tool to provide a set of feasible solutions, such as Particle Swarm Optimization (PSO) (e.g. [START_REF] Ko | Multi-objective design for a hybrid energy system using genetic algorithm[END_REF]) and Genetic Algorithms (GA) (e.g. [START_REF] Pombo | Sustainability assessment of energy saving measures: a multi-criteria approach for residential buildings retrofittingda case study of the Spanish housing stock[END_REF]), among others.

However, none of this methods have been integrated into a combined approach that allows to select efficient appliances to a decision-agent, according to a set of criteria.

Research Contribution and Innovation

The approach presented here, was developed to support a Decision-Agent (DA), who wants to acquire a set of electrical appliances (energy services) from the market.

On Fig. 1, it is presented an approach to provide an optimal set of appliances, regarding each energy service, needed by the DA (e.g. Consumer).

Fig. 1. Conceptual model

At first, a set of potential solutions (𝑥 𝑖𝑗 ) are pre-selected from the market, according to specific criteria, pre-established, based on the number of occupants. The criteria are the same, although the value of the correspondent attributes, can change according to the building number of occupants. An example of such table, is given on ANNEX I (Table A1), regarding the case study presented here.

The pre-selection, allows to reduce the decision space, accounting only the solutions, suitable to the consumer needs, as well as to increase NSGAII efficiency, by achieving optimal solutions with less time.

Each one of this potential solution (𝑥 𝑖𝑗 ), is then formulated as an option i, regarding energy service j , that can be acquired by the DA (consumer) from the market.

Given a DA (e.g. consumer) consumption profile (see example on ANNEX I (Table A2)), Life Cycle Cost Assessment (LCCA) is then preformed to achieve, for each appliance, the corresponding savings, regarding energy consumption (𝑆 𝐸.𝐶𝑜𝑛𝑠 𝑖,𝑗 (𝑥 𝑖𝑗 )), water consumption (𝑆 𝐻2𝑂.𝐶𝑜𝑛𝑠 𝑖,𝑗 (𝑥 𝑖𝑗 )) as well as the initial investment (𝑆 𝑖𝑛𝑣 𝑖,𝑗 (𝑥 𝑖𝑗 )). Both parameters, are savings, obtained from the comparison between the efficient and the correspondent "standard solution" (less efficient one).

Given the diversity of features, regarding each solution, as well as the DA's economic, social and environmental concerns, it was defined a set of attributes according to the consumer preferences and regarding each energy service, for the two problem dimensions; A-Economics, B-Environment. These attributes are presented on Table 1.

Table 1. Attributes used to define problem dimensions, regarding each energy service considered

The consumption profile was performed, by making a set of assumptions based on the hours, which was then extrapolated to a weekly and year base. However, the decision-agent (consumer) can also define its usage profile according to its needs, or by using the profile, considered in the case study presented here, as a default.

As it referred before, MAVT is used to support the DA, by evaluating a set of alternative solutions, according to a set of criteria/attributes established (Table 1). 

Based on criteria from

By following the notation described above and based on criteria stablished on Table 1, as well as the assumptions presented on Table A2 (ANNEX I) for the considered case study, it was defined the correspondent attribute behavior/pay-off (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) ), regarding each option i, belonging to energy service j. On Fig 1 a), it's presented an example of this table, regarding the energy service "Lighting".

Therefore, and according to MAVT, there is a value 𝑣 𝑖𝑗 (𝑔 𝑗𝑡 ) (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) ), associated to the attribute 𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) , such as:

𝒙 𝒊𝒋 (𝒈 𝒋𝒕 ) → 𝒗 𝒊𝒋 (𝒈 𝒋𝒕 ) (𝒙 𝒊𝒋 (𝒈 𝒋𝒕 ) ) (3) 
Given the 2 objectives considered, different attributes are used to measure the performance in relation to that set of objectives. This attributes, are usually measured on different measurement scales. Therefore, in order to transform the criteria to follow the same scale and units, it was used an expression to stablish the relationship between the new and the previous value of 𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) , respective (𝑣 𝑖𝑗 (2) (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) )) and (𝑣 𝑖𝑗 (1) (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) )), by using as well, the correspondent worst and better results, for a given criteria 𝑔 𝑗𝑡 , i.e.:

𝑣 𝑖𝑗 (𝑥 𝑖𝑗 (2) ) = (𝑣 𝑖𝑗 (1) (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) ) -𝑣 𝑤𝑜𝑟𝑠𝑡. 𝑖𝑗 (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) ))

(𝑣 𝑏𝑒𝑡𝑡𝑒𝑟. 𝑖𝑗 (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) ) -𝑣 𝑤𝑜𝑟𝑠𝑡. 𝑖𝑗 (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) )) (4) 
The new values of each 𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) (𝑣 𝑖𝑗 (𝑥 𝑖𝑗 (𝑔 𝑗𝑡 ) )), fills a new evaluation table, belonging to each energy service j. On Fig. 2, it's shown an example for the two tables regarding energy service "Lighting". Based on the value attributes previously achieved, it was used the additive model to aggregate them, referred to each option i, regarding energy service j, which was further improved, by applying optimization techniques, by using NSGAII algorithm.

Given the trade-off, and the diversity of features, regarding each solution, the consumer will be confronted with a problem of combinatorial nature (Fig. 1), where the number of combinations is dependent on the number of options to be considered, regarding each dimensions. This number, although, potentially bigger (23 million of combinations approximately for the case study considered), can be reduced, by assuming that the consumer cannot perform any choices (xij), given his limited budget (Fig. 1).

Constraints like the air conditioner capacity and appliances noise minimal requirements, will also be accounted to suit consumer needs, to improve its social wellbeing.

After defining the value attributes of each potential solution, and by using the additive model, the problem presented here, can be as follows:

𝑚𝑎𝑥 𝑉 𝑚 (𝑥), 𝑐 𝑚 = 𝐴, 𝐵 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑡𝑜𝑥 ∈ 𝑋𝑐/𝑉 𝑚 (𝑥) = [𝑉 𝐴 (𝑥), 𝑉 𝐵 (𝑥)] 𝑇 (5) 
Where x is the decision variable vector, defined as:

𝑥 ∈ 𝑋: 𝑥 ∈ {𝑥 𝑖𝑗 (𝐴 𝑗𝑡 ) , 𝑥 𝑖𝑗 (𝐵 𝑗𝑡 ) } ∧ 𝑡, 𝑖, 𝑗 ∈ ℕ ( 6 
)
𝑤/𝑗 = {1, . . ,10} ∧ 𝑗 = {1, . . ,7} ∧ 𝑡 = {{1, . . , 𝑛 𝐴 𝑗 } ∪ {1, . . , 𝑛 𝐵 𝑗 }} ∧ 𝑛 𝐴 𝑗 , 𝑛 𝐵 𝑗 ∈ ℕ

Where 𝑉 𝐴 (𝑥) and 𝑉 𝐵 (𝑥), are the aggregate objective functions, regarding each dimension considered (A-Economics; B-Environment): 

𝑉 𝑔 (𝑥) = ∑ ∑ 𝑣 𝑗 (𝑥 𝑗 ( 𝑔 
The first objective function is based on the works of [START_REF] Santos | Energy Efficiency in buildings by using evolutionary algorithms: An approach to provide efficiency choices to the consumer, considering the rebound effect[END_REF] and [START_REF] Santos | Evolutionary algorithms on reducing energy consumption in buildings: An approach to provide smart and efficiency choices, considering the rebound effect[END_REF].

Using the additive model from MAVT, the aggregated function, results into a unique objective function, weighted by the DA relative importance (𝜔 𝑔 ) as follows:

𝑉(𝑉 𝐴 (𝑥), 𝑉 𝐵 (𝑥)) = 𝜔 𝐴 . 𝑉 𝐴 (𝑥) + 𝜔 𝐵 . 𝑉 𝐵 (𝑥) = ∑ (𝜔 𝐴 ∑ 𝑣 𝑗 (𝑥 𝑗 (𝐴 𝑗𝑡 ) ) 𝑛 𝐴 𝑗 𝑡=1 + 𝜔 𝐵 ∑ 𝑣 𝑗 (𝑥 𝑗 (𝐵 𝑗𝑡 ) ) 𝑛 𝐵 𝑗 𝑡=1 ) 𝑛 𝑗 𝑗=1 (11) 
The constraints, regarding economic and environment well-being/dimensions, are:

Economic -Budget:

𝑟1: ∑ 𝐼 𝑗 (𝑥 𝑗 ) ≤ 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑏𝑢𝑑𝑔𝑒𝑡 ( 𝑑𝑖𝑠𝑝. )  𝑛 𝑑𝑖𝑚 𝑗=1 ∑ 𝑥 𝑗 (𝐴 𝑗𝑡 ) 𝑛 𝑑𝑖𝑚 𝑗=1 ≤  𝑑𝑖𝑠𝑝. (12) 
𝑤/𝐴 𝑗 𝑡 = {𝐴 

Environment -Noise: The model will be applied by using a case study, and considering a consumer (DA), who wishes to acquire 7 types of appliances. His building has four occupants (him included) and the relative importance's (𝜔 𝐴 and 𝜔 𝐵 ) are respectively 0,7 and 0,3. All the remaining assumptions, were made on Tables A1 andA2 (ANNEX I).

Results and Discussion

NSGAII was programmed in Matlab using the following parameters:

• Selection method: Tournament • Crossover method: single point • Mutation used: Normal Random Mutation

The remained NSGA-II parameters (initial population, crossover and mutation rate) were defined after several computational experiments.

The parameter of max generations was tested at first, where it was selected a maximum generation number of 90 to show that if 90 iterations were enough to find the Pareto frontier. Other parameters were also tested, such as the population size (100 individuals),the tournament size [START_REF] Randall | Performance Comparison of Evolutionary Algorithms for Airfoil Design[END_REF], the crossover rate (0.9), and the mutation rate (0.3). The obtained results, regarding 90 th and 100 th generations, are presented on Fig. 6 a), where it can be seen that both cases, have similar Pareto frontier. In this sense it was selected the max number iterations/generations of 90. Then, it was preformed several combinations of crossover and mutation rates of NSGA-II ( Table . 2).

Table 2. Combinations of crossover and mutation rates used

The combinations, presented on Table 2, were performed by setting a max iteration of 90. The correspondent results, are shown on Fig. 4 b), where it's noted that the small change on parameters, has little effect on the results. Thus, it was used the following parameters of NSGA-II to show the results of the present case: population size (100), max iteration (90), tournament size [START_REF] Randall | Performance Comparison of Evolutionary Algorithms for Airfoil Design[END_REF], crossover rate (0.9) and mutation rate (0,1). NSGA-II is applied on resolution of multi-objective problems. Therefore, the correspondent solution, is a Pareto frontier, which is gradually formed through an iteration process, where is an increase in the number of nodes of Pareto frontier in the early generations. Once the frontier was formed, better results of each node were founded in further iterations.

After NSGAII calculations, the Pareto frontier in Fig. 4 a), is therefore obtained, where each node represents a potential solution of the problem, i.e., a set of sustainable solutions (appliances), regarding each energy service required.

One of these nodes are presented on Table 3, as an example of a feasible solution obtained, considering a budget of 2100 €. It is also presented the CO2 savings, regarding the choice of this solution, compared with the less efficient (standard) one (approx. values).

According to Table 3, if the consumer, opts for the solutions set, provided by this approach, he can save up to 2112,3 € per year, further contributing to a 1458,9 kg of CO2 and 740 litres of water, both savings/years, given the 10 years life cycle considered.

Conclusions and Further Work

In this work, it was presented an approach to provide sustainable household appliances from the market, to the decision-agent (consumer), by considering two objectives, regarding sustainability; environment and economic well-being.

Both solutions were pre-selected, according to a set of specific criteria and regarding each type of appliance, considered by the case study.

Criteria was used, to pre-select the appliances from the market, adjusting therefore, the method to the case study presented here. Other criteria, were combined with MAVT, to modelling the consumer preferences, according to the two problem dimensions.

The main objective, was to maximize the consumer well-being (environment and economics). The social wellbeing was also promoted, by suit the obtained solutions to the consumer needs.

The relative importance, given by the DA (consumer), was also considered, in order to weight the DA decision through both dimensions.

NSGAII, where then applied here, to get optimal solutions, by maximizing both dimensions, considering the environmental impact (CO2 savings), as well as the economic rationality (initial investment and energy consumption savings) regarding the lifecycle of each appliance, during its usage phase.

The results show that this method performs well in this case, by providing optional and also, sustainable appliances, that attends the consumer needs.

We test different parameters (max number of iterations, crossover rate and mutation rate) and in the common range of values, these parameters are not sensitive to the results. Additionally, NSGA-II can also find the Pareto frontier of the solutions, providing therefore several alternative solutions to the consumer.

The achievements presented on this work, allows to proceed in a way of getting a more completed approach that maximizes both dimensions of sustainability (Economical, Environmental and Social) with the social dimension, being therefore integrated into the model developed here, in order to better express the consumer preferences, which will allow to answer the PhD research question presented here. 
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 2 Fig. 2. Example of evaluation table (Lighting energy service)): a) 𝑥 𝑗 (𝑔 𝑗𝑡 ) b) 𝑣 𝑖𝑗 (𝑥 𝑗 (𝑔 𝑗𝑡 ) )

  = {𝐴, 𝐵} ∧ 𝑣 𝑗 (𝑥 𝑗 (𝑔 𝑗𝑡 ) ) ∧ 𝑛 𝑗 , 𝑛 𝑔 𝑗 , 𝑡, 𝑗 ∈ ℕ (8) Therefore, and based on (8), the objective functions are: 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐𝑊𝑒𝑙𝑙 -𝑏𝑒𝑖𝑛𝑔: 𝑚𝑎𝑥 𝑉 𝐴 (𝑥) = ∑ ∑ 𝑣 𝑗 (𝑥 𝑗 (𝐴 𝑗𝑡 ) ) : 𝑚𝑎𝑥 𝑉 𝐵 (𝑥) = ∑ ∑ 𝑣 𝑗 (𝑥 𝑗 (𝐵 𝑗𝑡 ) )

2 :Fig. 3 .

 23 Fig. 3. NSGAII's individual framework NSGAII's codification used, was real.The model will be applied by using a case study, and considering a consumer (DA), who wishes to acquire 7 types of appliances. His building has four occupants (him included) and the relative importance's (𝜔 𝐴 and 𝜔 𝐵 ) are respectively 0,7 and 0,3. All the remaining assumptions, were made on Tables A1 and A2 (ANNEX I).
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 4 Fig. 4. Pareto frontier: a)for 90 th and 100 th generations b) different parameters (90 th Generation)

  

  

Table 1 ,

 1 it was defined 𝑥 𝑖𝑗(𝑔 𝑗𝑡 ) , as the attribute regarding each alternative solution i, associated to a certain energy service j , stablished according to criteria 𝑡, associated to energy service j and problem dimension 𝑔 considered (A -Economical; B -Environmental), i.e.:𝑔𝑗𝑡 ∈ {{𝐴 𝑗1 , 𝐴 𝑗2 , . . 𝐴 𝑗𝑛 𝐴 𝑗 } ∪ {𝐵 𝑗1 , 𝐵 𝑗2 , . . 𝐵 𝑗𝑛 𝐵 𝑗 }} (1) 𝑔 = {𝐴, 𝐵} ∧ 𝑗 = {1,2, . . ,7} ∧ 𝑡 = {{1,2, . . 𝑛 𝐴 𝑗 } ∪ {1,2, . . 𝑛 𝐵 𝑗 }} ∧ 𝑛 𝐴 𝑗 , 𝑛 𝐵 𝑗 , 𝑡, 𝑗 ∈ ℕ

  14 , 𝐴 26 , 𝐴 35 , 𝐴 44 , 𝐴 54 , 𝐴 64 , 𝐴 75 } ∧ 𝑛 𝑡, 𝑗 𝑑𝑖𝑚

Table 3 .

 3 Example of a sustainable solution obtained from this approach

	Dimension	Stand. So-	lution To-	tal Invest.	(€)	Effic. sol.	Total In-	vest (€)	Invest.	Saving (€)	Energy Consum.	Savings	(€)	Water Consum.	Savings	(l)	CO2 Sa-	vings	(kg)	Brand	Model
	Lighting	15,89		09,53		5,34	59,4			-			28,9	GE	EFL23W
	Air Condi-tioning	368,0		299,0		69,0	1320,6		-			1315,7	Whirlpool	PACW9HP
	Refrigera-tor	250,0		529,0		-279,0	708,1		-			8,7		Candy	CFET 6182W
	Dishwas-																				
	her Ma-	310,0		349,0		-39,0	3,2			423			6,9		Bosch	SMS25AI00E
	chine																				
	Washing Machine	262,0		294,0		-32,0	6,9			317			94,8	Siemens	WI12A222ES
	Oven	170,0		199,0		-29,0	1,7			-			2,2		Zanussi	ZZB21601XV
	Clothes dryer	349,0		419,0		-70,00	12,3			-			1,7		Electrolux	EDP2074PDW
	Total:	1724,9	2099, 6		-374,7	2112,3		740			1458,9	-	-

Table A . 2 .

 A2 Assumptions taken, regarding the consumer usage profile

	Emission factor [gCO2/kWh]	675	Discount Factor [%]	7
	Life cycle (usage phase) [years]:	10	Annual Factor	7,02
	Electrical Energy tariff [€/kWh]	0,162	Water tariff [€/m3]	1,19
	Energy Service	Daily	Usage Profile (h) Weekly Monthly	Annual
	Air Conditioner	2	12	48	576
	Washing Machine	1	4	16	192
	Dryer Machine	1	4	16	192
	Refrigerator	11	77	330	4015
	Electric Oven	1	2	8	96
	Dish Washing Machine	1	4	16	192
	Lighting	5	35	150	1825
	Energy Service	Daily	Usage Profile (Frequency) Weekly Monthly	Annual
	Air Conditioner	1	6	24	288
	Washing Machine	1	4	16	192
	Dryer Machine	1	4	16	192
	Refrigerator	1	7	30	365
	Electric Oven	1	2	8	96
	Dish Washing Machine	1	4	16	192
	Lighting	1	7	30	365

ANNEX I -Criteria and consumer profile given the case study considered • by exhaust ;

• 7 kg

Lighting

• technology

• halogen CFL Fluorescent

Refrigerator

• capacity of the refrigerators [START_REF] Adene | Manual da Etiqueta Energética[END_REF] • type of refrigerator according to the number of occupants [START_REF] Adene | Manual da Etiqueta Energética[END_REF] • 150 liters • refrigerator Combined type.