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Abstract
This case study evaluated for the first time the contribution of demountable and modular construction to the sustainable level of a building using some of the best GBRS (Green Building Rating Systems), whose evaluation capacity was also assessed.
The scores of a demountable and modular house were compared with those of conventional design, in both cases using 11 of the most important GBRS. 
The analysis performed by the various GBRS quantifies the increase in the sustainable level of a given demountable and modular construction, and this can be extrapolated to demountable and modular construction in general. However, the resulting scores varied widely (from an increase of 1.4% to an increase of 17.41%), and only three GBRS clearly identified the obvious advantages of demountable construction, while the rest value it very little, and four of them barely valued it, despite its important environmental advantages. As it is not acceptable for the same building to have a different score depending on the GBRS chosen, it follows that most of the current GBRS are not capable of correctly evaluating the sustainability of a building and must be improved.
This case study is important for understanding the contribution of demountable and modular construction to a building's overall sustainability.

1. Introduction
This paper evaluates the environmental advantages of container-based modular and industrialized construction. Modular demountable construction is currently being widely researched due to its sustainable advantages. This type of construction combines the advantages of modular construction [1, 2, 3, 4] and the advantages of prefabricated and industrialized construction [5, 6, 7, 8, 9], to which must be added the functional, economic and sustainable advantages of using containers [10, 11, 12, 13, 14, 15, 16, 17, 18].
Several studies have defined a large number of demountable construction systems, showing their general advantages [19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29] and also their environmental and sustainable advantages [30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43]. However, in almost all of these studies very few sustainable indicators were used to carry out the sustainable analysis (such as waste reduction, resource optimization, construction speed), while hardly any studies have analyzed in a global and complete way the contribution of modular demountable construction to the overall level of sustainability of a building [44]. 
To evaluate the overall level of sustainability of buildings, multivariate assessment tools, called GBRS (Green Building Rating Systems) have been implemented in recent years. However, these tools have hardly been used to analyze the general environmental benefits of modular and demountable construction.
The objective of this work was thus to use various GBRS to determine the increase in the sustainable level of a modular and demountable construction.
A modular demountable house was evaluated using eleven of the most important and globally used GBRS: ASGB, BEAM, BREEAM, CEDES, DNGB, GBI, GG, GS, IGBC, LEED and SBTools. The same home was also evaluated as if it had been built conventionally (not demountable). By comparing both results the contribution of modular and demountable construction to the buildings’ sustainability could be determined.
It should be noted that an increasing number of studies are appearing that question the validity of the current GBRS. Some works doubt their validity due to the fact that they are very different from each other, and therefore provide different results when evaluating the same building. This is because there is no international consensus on the concept of sustainability and there is no common framework to achieve and evaluate it [45]. Other studies indicate that the current GBRS cannot evaluate sustainability correctly since they do not consider architectural design in their scoring system [34, 35, 15, 46, 47, 48, 49], while still others are even more critical and conclude that when analyzing many buildings designed according to some of these GBRS substantial energy savings or optimization of resources were compared to conventional buildings [46, 47, 50, 51]. As if that were not enough, there are increasingly more works that harshly criticize the usefulness of some of the best-known GBRS, such as LEED [52, 53]. 
The modular and demountable house evaluated, the R4House (Fig. 1), was based on containers and can be disassembled and assembled as many times as desired, since all its components can be removed, repaired and reused as many times as required. 
The R4House can be said to have a high level of sustainability, since its durability can be extended to the maximum, reducing its environmental impact per unit of time to the maximum. Furthermore, the materials used were also optimized to the maximum, waste and emissions were reduced to a minimum and the energy consumed in its construction, maintenance and useful life was also reduced to a minimum.
It could therefore be expected that the chosen GBRS would adequately assess the sustainable level of this home, giving it a high score, although this was not the case. 
To achieve its two objectives, this work is structured into five sections: i.e. 1. Introduction: statement of objectives, 2. Description of the two buildings under study; and evaluation methodology, 3. Results: Contribution of demountable construction to the sustainability level of a building, 4. Discussion: Assessing the evaluation capacity of current GBRS, 5. Conclusions of the study.

2. Description of the houses to be evaluated: R4House and ND-R4House
To accurately determine the contribution of the modular and demountable design in the sustainable score of a building, a demountable house (R4House) was compared with its conventionally constructed version (ND-R4House). To simplify the study, only the indicators whose scores varied from one home to another are shown in the comparison. The house was analyzed using 11 of the best and most widely used GBRS.
The R4House was built in 2007 and can be assembled and disassembled as many times as desired. In fact, since its construction it has been disassembled and reassembled twice [54]. 

2.1. Description of the demountable house. R4House
2.1.1. General information
The R4House contains two single-family homes and was built using 6 containers (Figs. 1, 2). One, with a constructed area of 173 m2, on the ground floor has a kitchen, a living-dining room, a bathroom and a studio, and on the first floor two bedrooms and two bathrooms. The other house has a constructed area of 30 m2 and has a living-dining room, a bathroom and a bedroom (Figs. 3, 4).
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Figure 1. R4House
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Figure 2. R4House 

[image: C:\Users\User\Desktop\Articulo Comparativa Sistemas Evaluacion\ARTICULO 6. Análisis R4HOUSE\R4HOUSE imagenes\R4HOUSE. Barcelona. PhD. Architect Luis De Garrido (23).jpg]
Figure 3. R4House ground floor layout 
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Figure 4. R4House first floor layout 


2.1.2. Demountable design
The building is demountable since it was made with containers and all its components are assembled using screws and threaded nails (Figs. 4, 5, 6). The building does not need a foundation, since the lower part of each container has been solidified with concrete, so simply resting them on the ground is enough. The interior and exterior coatings and finishes (made from wooden panels, wood derivatives, ceramics and waste panels) are assembled by means of screws, nails and pressure devices (Figs. 7, 8, 9). In R4House all the components are demountable, including water pipes (threaded polypropylene pipes), drains (pressurized polyethylene pipes) and electricity (pressurized polypropylene pipes).
As a result, all R4House components can be easily removed, repaired, and reused indefinitely. In this way the building can have a durability that tends to infinity and the least possible need for maintenance.
[image: D:\+ESCRITORIO+ ++ANTIGUO++\LIBROS\- A. Libro R4 HOUSE MONSA\Proceso construcción R4House fechas\45. 23 abril, tarde, Barcelona 2.JPG]
Figure 4. Each R4House module was partially manufactured separately.
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Figure 5. The 6 partially manufactured modules were ensembled in just one day.
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Figure 6. After putting the 6 partially manufactured R4House modules into place, construction was completed in two weeks. 
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Figure 7. Detail of R4House
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Figure 8. Detail of R4House
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Figure 9. Detail of R4House

R4House has a high ecological and sustainable level, since ecological waste and materials were used in its construction (Fig. 10). It was built in just three months (Fig. 11) and was designed with the aim of being able to self-regulate thermally and provide a comfortable internal temperature without the need for heating or air conditioning (Figs. 12, 13). 
However, in this work we only wanted to assess the contribution of total disassembly in the sustainable score of the building, using the most important and well-known GBRS.
As in previous studies [30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 43], the environmental and economic advantages of a demountable building are many, including the following:

- Adaptability to new uses
- Easy reconfiguration of the building
- Easy repair of all components
- Low energy consumption
- Maximum optimization of resources
- Minimum need for maintenance
- Simple reconfiguration of the building
- Quick construction
- Zero generation of emissions and waste

[image: C:\Users\User\Desktop\PROYECTOS publicados FACEBOOK (mail)\R4HOUSE (mail)\R4HOUSE. Barcelona. PhD. Architect Luis De Garrido (7).jpg]

Figure 10. Only industrial waste was used in the manufacture of R4House.

It is quite reasonable to think that the various GBRS used should adequately value the major environmental and sustainable benefits mentioned above and give a high score to demountable construction as otherwise it could be said that the GBRS that do not adequately value them are deficient and inadequate.
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Figure 11. R4House was built in three months.
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Figure 12. R4House has a very special bioclimatic design, protecting from solar radiation in summer and generating a flow of cool air to provide a comfortable temperature inside.
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Figure 13. R4House has a very special bioclimatic design and in winter is heated by the greenhouse effect, allowing maximum solar radiation to enter.


2.2. Description of the non-demountable house. ND-R4House
In order to measure the differential score that each GBRS system gives to the demountable construction, the sustainable score of R4House was compared with the score given to a non-demountable house with the same characteristics, known as the ND-R4House. We assumed that ND-R4House has the same shape and characteristics as R4House but was built in a conventional way, like most single-family houses in Spain. The foundation is based on continuous reinforced concrete footings, the structure on load-bearing concrete block walls, reinforced concrete pillars and a slab based on prestressed semi-joists and reinforced concrete vaults. The interior compartmentalization is based on brickwork and gypsum-cellulose panels, the pitched roof on a conventional slab with prestressed concrete semi-joists and concrete vaults and the interior and exterior coatings are based on cement troweling and plaster with conventional plastic paints.

3. Comparative evaluation of R4House and ND-R4House
The evaluation of R4House and ND-R4House was carried out using a selection of the most important and representative GBRS.

3.1. Choice of the most emblematic GBRS
Eleven of the most important and well-known GBRSs with which we have the most experience were chosen: ASGB [55], BEAM [56], BREEAM [57], CEDES [58], DNGB [59], GBI [60], GG [61], GS [62], IGBC [63], LEED [64] and SBTools [65].

3.2. Comparative evaluation results between R4House, and ND-R4House
As this was a comparative evaluation, only the indicators with different scores in each case were taken into account. We called the set of indicators whose score varies when comparing a bioclimatic building with a non-bioclimatic building a "demountable group".
The evaluation tables show the scores obtained by both houses:
· The score given to each indicator
· The maximum possible score for each indicator.
· The weight of the indicator within the category to which it belongs.
· The weight of the category
· The conversion factor of the scoring scale of each method, to a scale of 0-100 (since some GBRS score from 0 to 75, others from 0 to 100, others from 0 to 110, others from 0 to 1000. The conversion factors used are therefore: 100/75, 100/100, 100/110, 100/1000).

By multiplying the percentage score of an indicator (score/maximum score), by its weight within the category, by the weight of the category, and by the conversion coefficient, a value is obtained (from 0 to 100), which is the contribution of each indicator to the total score, so that adding the score of all the indicators of the "demountable-group" gives the total score that each group gives to both R4House and ND-R4House. Finally, by subtracting both scores, the contribution of demountable construction is obtained in the final score provided by each of the GBRS used.
It should be noted that each GBRS has a different internal structure and a different scoring system. Some GBRS do not have categories but only  indicators, and the determination of the specific weight of each system is different and has to be calculated on a common weighting basis of 0 to 100. However, essentially all the tables show the same: the final score of each indicator on a scale from 0 to 100 and the total score of all of them for both houses. 
To describe the evaluation process and the contribution of each indicator in the final evaluation of the building, let us take an example from ASGB (Table 1). 
The ASGB indicator “Building adaptability (BA)” has a maximum score of 18 points. This indicator has a weight of 18/100 within the category “Security and durability (SD)”, and in turn this category has a weight of 10 out of 110 (ASGB has a total evaluation range of 0 to 100+10).
The R4House was given the maximum score (18), that is ((18/18) = 1). By multiplying this value (1) by the weight of the BA indicator within the category, a value of ((1) * (18/100)) is obtained, that is 0.18. Multiplying this value by the weight of the SD category in the total score gives (0.18 * (10/100)) = 0.018, based on a score of (0-110). Converting this percentage to a common base of (0-100), the final score is (0.018 * (100 / 110)) = 0.0164. That is, 1.64%.
The ND-R4House was given a score of 12 out of a maximum of 18, that is, ((12/18) = 0.66). Multiplying this value (0.66) by the weight of the BA indicator within the category gives a value of (0.66 * (18/100)), that is, 0.12. Multiplying this value by the weight of the SD category in the total score gives (0.12 * (10/100)) = 0.012, percentage based on a score of (0-110). Converting this percentage to a common base of (0-100), the final score is (0.012 * (100 / 110)) = 0.0109, i.e. 1.09%.
Repeating the process for the 5 indicators that can evaluate the demountability of a building in ASGB, R4House has a score of 4.85%, compared to 2.79% for ND-R4House. According to ASGB, a demountable building like R4House has an increase in the level of sustainability of 2.06% (4.85 – 2.79) (Table 1). 


3.2.1. ASGB evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
  (0-100)

	BA (*1)
	SD (*6)
	18
	18
	18/100
	10%
	1.80
	1.64%
	12
	18
	18/100
	10%
	1.20
	1.09%

	LULC (*2)
	SD
	10
	10
	10/100
	10%
	1.00
	0.91%
	6
	10
	10/100
	10%
	0.60
	0.55%

	IIDP (*3)
	RC (*7)
	8
	8
	8/200
	20%
	0.80
	0.73%
	4
	8
	8/200
	20%
	0.40
	0.36%

	URRWM (*4)
	RC
	12
	12
	12/200
	20%
	1.20
	1.09%
	6
	12
	12/200
	20%
	0.60
	0.55%

	SSIC (*5)
	II (*8)
	10
	10
	10/190
	10%
	0.53
	0.48%
	5
	10
	10/190
	10%
	0.27
	0.24%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	4.85%
	
	2.79%

	Difference
			2.06%



Notes:
ASGB provides a maximum score of 100 points, and can provide an additional 10 points, therefore, the total score ranges from 0 to 110
(*1) Building adaptability
(*2) Longer useful life of components
(*3) Industrialized interior design parts 
(*4) Use of recyclable, reusable and waste materials 
(*5) Structural system and industrialized components
(*6) Security and durability
(*7) Resource conservation
(*8) Improvement and innovation 

Table 1. ASGB indicators involved in demountable construction. 
Score differences between R4Houseand ND-R4House.


ASGB has 5 indicators involved in demountable construction and therefore, their scores vary in the evaluation of R4House, and ND-R4House. The score difference for both cases is only 2.06 % ecause ASGB does not consider many important factors such as: Economic cost, Resources needed, Level of exploitation of resources, Energy consumption in building construction and in demolishing/disassembling.

3.2.2. BEAM evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
  (0-100)

	MSD (*1)
	MW (*4)
	2
	2
	2/35
	9%
	0.51
	0.47%
	1
	2
	2/35
	9%
	0.26
	0.23%

	PREF (*2)
	MW
	4
	4
	4/35
	9%
	1.03
	0.93%
	1
	4
	4/35
	9%
	0.26
	0.23%

	AD (*3)
	MW
	2
	2
	2/35
	9%
	0.51
	0.47%
	0
	2
	2/35
	9%
	0.00
	0.00%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	1.87%
	
	0.47%

	Difference
			1.40%



Notes:
BEAM provides a maximum score of 100 points, and can provide an additional 10 points, therefore, the total score ranges from 0 to 110
(*1) Modular and standardized design
(*2) Prefabrication
(*3) Adaptability and deconstruction
(*4) Materials and waste

Table 2. BEAM indicators involved in demountable construction. 
Score differences between R4Houseand ND-R4House.


BEAM has only 3 indicators involved in demountable construction and therefore, their score varies in the evaluation of R4House, and ND-R4House. The score difference for both cases is only 1.40% and this is because BEAM does not consider many important fsctors such as: Economic cost, Resources needed, Level of exploitation of resources, Energy consumption in building construction and in demolishing/disassembling.


3.2.3. BREEAM evaluation

	Removable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
  (0-100)

	MAN02
	MAN (*1)
	4
	4
	19.05%
	11%
	2.10
	1.91%
	1
	4
	19.05%
	11%
	0.52
	0.47%

	MAT05
	MAT (*2)  
	1
	1
	7.14%
	15%
	1.07
	0.97%
	0
	1
	7.14%
	15%
	0
	0%

	WST01
	WST (*3)  
	3
	5
	45.45%
	6%
	1.64
	1.49%
	0
	5
	45.45%
	6%
	0
	0%

	WST06
	WST 
	1
	2
	18.18%
	6%
	0.55
	0.50%
	0
	2
	18.18%
	6%
	0
	0%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	4.87%
	
	0.47%

	Difference
			4.40%



Notes:
BREEAM provides a maximum score of 100 points, and can provide an additional 10 points, therefore, the total score ranges from 0 to 110 (*1)  Management
(*2)  Materials
(*3)  Waste
Table 3. BREEAM indicators involved in removable construction. 
Score differences between R4House and ND-R4House. 


BREEAM has only 4 indicators involved in demountable construction, each of which gave different scores when evaluating both homes. The score difference in both cases is only 4.40% because BREEAM does not consider many important factors such as: Economic cost, Energy consumption in building construction and in demolishing/disassembling.

3.2.4. CEDES evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
  (0-100)

	1.2.1
	RO (*1)
	5
	5
	0.072
	18%
	-
	1.30%
	2
	5
	0.072
	18%
	-
	0.52%

	1.2.4
	RO
	4
	5
	0.306
	18%
	-
	4.41%
	1
	5
	0.306
	18%
	-
	1.10%

	1.2.6
	RO
	4
	5
	0.225
	18%
	-
	3.24%
	3
	5
	0.225
	18%
	-
	2.43%

	2.4
	ECIC (*2)
	5
	5
	0.115
	34%
	-
	3.91%
	2
	5
	0.115
	34%
	-
	1.56%

	2.7
	ECID (*3)
	5
	5
	0.024
	34%
	-
	0.82%
	1
	5
	0.024
	34%
	-
	0.16%

	4
	WE (*4)
	5
	5
	1
	12%
	-
	12%
	1
	5
	1
	12%
	-
	2.4%

	6
	EC (*5)
	5
	5
	1
	10%
	-
	10%
	5
	5
	1
	10%
	-
	10%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	35.68%
	
	18.17%

	Difference
			17.51%



Notes: 	
(*1) Resources optimization
(*2) Energy consumption in building construction
(*3) Energy consumption in demolishing/disassembling
(*4) Reduction of Waste and emissions
(*5) Economic cost

Table 4. CEDES indicators involved in demountable construction. 
Score differences between R4House and ND-R4House.


CEDES is the best-performing GBRS and has 7 indicators involved in demountable construction and therefore their scores vary in the evaluation of R4House, and ND-R4House. The score difference for both cases is 17.51%. 

3.2.6. DNGB evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
  (0-100)

	ENV1.1
	ENV (*1)
	122.5
	130
	10/24
	25%
	-
	9.82%
	60
	130
	10/24
	25%
	-
	4.81%

	ENV1.2
	ENV
	120
	135
	5/24
	25%
	-
	4.63%
	115
	135
	5/24
	25%
	-
	4.44%

	ECO1.1
	ECO (*2)
	70
	130
	4/10
	25%
	-
	5.38%
	47,5
	130
	4/10
	25%
	-
	3.65%

	TEC1.6
	TEC (*3)
	110
	125
	3/9
	25%
	-
	7.33%
	60
	125
	3/9
	25%
	-
	2.40%

	PRO1.6
	PRO (*4)
	280
	280
	2/10
	25%
	-
	5.00%
	180
	280
	2/10
	25%
	-
	3.21%

	PRO2.1
	PRO
	110
	110
	2/10
	25%
	-
	5.00%
	85
	110
	2/10
	25%
	-
	3.86%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	37.16%
	
	22.38%

	Difference
			14.79%



Notes:
(*1) Environmental quality 
(*2) Economic quality
(*3) Technical quality
(*4) Process quality

Table 5. DNGB indicators involved in demountable construction. 
Score differences between R4Houseand ND-R4House.


DNGB has 6 indicators involved in demountable construction, each of which gave different scores when evaluating R4House, and ND-R4House. The score difference in both cases was 14.79% and this was because DNGB does not consider some factors such as: Economic cost, Resources needed, Level of exploitation of resources.


3.2.7. GBI evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
  (0-100)

	SM7
	SSPM (*1)
	2
	2
	-
	-
	-
	2%
	0
	2
	-
	-
	-
	0%

	MR1
	MRSC (*2)
	2
	2
	-
	-
	-
	2%
	1
	2
	-
	-
	-
	1%

	MR2
	MRSC
	2
	2
	-
	-
	-
	2%
	0
	2
	-
	-
	-
	0%

	MR6
	MRSC
	2
	2
	-
	-
	-
	2%
	0
	2
	-
	-
	-
	0%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	8%
	
	1%

	Difference
			7%



Notes:
(*1)  Sustainable site plan management
(*2)  Material resources

Table 6. GBI indicators involved in demountable construction. 
Score differences between R4House and ND-R4House.


GBI has 4 indicators involved in demountable construction, each of which gave different scores in evaluating R4House, and ND-R4House. The score difference in both cases was 7% because GBI does not consider many important factors such as: Economic cost, Resources needed, Level of exploitation of resources, Energy consumption in building construction and demolishing/disassembling.

3.2.8. GG evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-1000)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-1000)
	Result
  (0-100)

	1.3 LCCA
	PM (*1)
	12
	12
	-
	-
	12
	1.20%
	0
	12
	-
	-
	0
	0%

	5.2 PLC
	MAT (*2)
	39
	39
	-
	-
	39
	3.90%
	10
	39
	-
	-
	10
	1%

	5.5.1 S&E
	MAT
	11
	22
	-
	-
	11
	1.10%
	0
	22
	-
	-
	0
	0%

	5.5.2 MROS
	MAT
	8
	8
	-
	-
	8
	0.80%
	0
	8
	-
	-
	0
	0%

	5.7.1 OSFC
	MAT
	4
	4
	-
	-
	4
	0.40%
	2
	4
	-
	-
	2
	0.2%

	5.7.2 DFD
	MAT
	6
	6
	-
	-
	6
	0.60%
	0
	6
	-
	-
	0
	0%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	8.00%
	
	1.20%

	Difference
			6.80%



Notes:
(*1)  Project Management
(*1) Materials

Table 7. GG indicators involved in demountable construction. 
Score differences between R4House and ND-R4House.


GG has 6 indicators involved in demountable construction, each of which gave different scores when evaluating R4House, and ND-R4House. The score difference in both cases was 6.80% because GG does not consider some factors such as: Economic cost, and Energy consumption in building construction. 

3.2.9. GS evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
  (0-100)

	5
	MGMT (*1)
	2
	2
	-
	-
	2
	1.818%
	1
	2
	-
	-
	1
	0.909%

	19
	MAT (*2)
	7
	7
	-
	-
	4
	6.364%
	3
	7
	-
	-
	3
	2.727%

	22
	MAT
	1
	1
	-
	-
	3
	0.909%
	0
	1
	-
	-
	0
	0.000%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	9.09%
	
	3.64%

	Difference
			5.46%



Notes: 	
GS provides a maximum score of 100 points, and can provide an additional 10 points (innovation), therefore, the total score ranges from 0 to 110
(*1)  Management
(*2)  Materials
Table 8. GS indicators involved in demountable construction. 
Score differences between R4House and ND-R4House.


GS has only 3 indicators involved in demountable construction, each of which gave different scores when evaluating R4House, and ND-R4House. The score difference in both cases was only 5.46% because GS does not consider many important factors such as: Economic cost, Resources needed, Level of exploitation of resources. 

3.2.11. IGBC evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-75)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-75)
	Result
  (0-100)

	C2
	MR (*1)
	1
	1
	-
	-
	1
	1.33%
	0
	1
	-
	-
	0
	0%

	C3
	MR
	2
	2
	-
	-
	2
	2.66%
	2
	2
	-
	-
	2
	2.66%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	3.99%
	
	2.66%

	Difference
			1.33%



Notes:
IGBC provides a maximum score of 75, therefore, the total score ranges from 0 to 75
(*1)  Material Resources

Table 9. IGBC indicators involved in demountable construction. 
Score differences between R4House and ND-R4House.

IGBC has only 2 indicators involved in demountable construction, each of which gave different scores when evaluating R4House, and ND-R4House. The score difference in both cases was only 1.33% because IGBC does not consider many important factors such as: Economic cost, Resources needed, Level of exploitation of resources, Energy consumption in building construction, and demolishing/disassembling.

3.2.13. LEED evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 
(0-110)
	Result
  (0-100)

	EPP (*1)
	MR (*3)
	4
	5
	-
	-
	4
	3.64%
	3
	5
	-
	-
	3
	2.73%

	CDWM (*2)
	MR
	1
	2
	-
	-
	1
	0.91%
	0
	2
	-
	-
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	4.55%
	
	2.73%

	Difference
			1.82%



Notes: 	
LEED provides a maximum score of 100 points, and can provide an additional 10 points, therefore, the total score ranges from 0 to 110
Indicators of the manual for single-family housing
(*1)  Environmentally Preferable Products 
(*2)  Construction and Demolition Waste Management
(*3)  Materials and Resources

Table 10. LEEDindicators involved in demountable construction. 
Score differences between R4House and ND-R4House.

LEED has only 2 indicators involved in demountable construction, each of which gave different scores in evaluating R4House, and ND-R4House. The score difference in both cases was only 1.82% because LEED does not consider many important factors such as: Economic cost, Resources needed and Level of exploitation of resources, Energy consumption in building construction, and in demolishing/disassembling.

3.2.14. SBTools evaluation

	Demountable group
	R4House
	ND-R4House

	Indicators
	Category
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
 (0-100)
	Score
	Max. Score
	Indicator weight
	Category weight
	Result 

	Result
  (0-100)

	B 1.1
	ERC (*1)
	5
	5
	6.48%
	-
	-
	6.48%
	3
	5
	6.48%
	-
	-
	3.89%

	B 1.2
	ERC
	5
	5
	3.24%
	-
	-
	3.24%
	3
	5
	3.24%
	-
	-
	1.94%

	B 3.3
	ERC
	5
	5
	0.20%
	-
	-
	0.20%
	0
	5
	0.20%
	-
	-
	0.00%

	B 3.5
	ERC
	5
	5
	0.20%
	-
	-
	0.20%
	3
	5
	0.20%
	-
	-
	0.12%

	B 3.6
	ERC
	5
	5
	0.20%
	-
	-
	0.20%
	0
	5
	0.20%
	-
	-
	0.00%

	C 1.1
	EL (*2)
	5
	5
	4.86%
	-
	-
	4.86%
	3
	5
	4.86%
	-
	-
	2.92%

	C 1.2
	EL
	3
	5
	4.86%
	-
	-
	2.92%
	0
	5
	4.86%
	-
	-
	0.00%

	E 4.1
	SQ (*3)
	5
	5
	0.05%
	-
	-
	0.05%
	3
	5
	0.05%
	-
	-
	0.03%

	E 4.2
	SQ
	5
	5
	0.41%
	-
	-
	0.41%
	3
	5
	0.41%
	-
	-
	0.25%

	E 4.3
	SQ
	3
	5
	0.05%
	-
	-
	0.03
	0
	5
	0.05%
	-
	-
	0.25%

	G 1.1
	CEA (*4)
	5
	5
	0.10%
	-
	-
	0.10%
	0
	5
	0.10%
	-
	-
	0.00%

	G 1.2
	CEA
	5
	5
	0.10%
	-
	-
	0.10%
	0
	5
	0.10%
	-
	-
	0.00%

	G 1.3
	CEA
	5
	5
	0.10%
	-
	-
	0.10%
	3
	5
	0.10%
	-
	-
	0.06%

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partial Score
	
	18.89%
	
	9.46%

	Difference
			9.43%



Notes: 	
(*1)  Energy and Resources Consumption
(*2)  Environmental Loadings 
(*3)  Service Quality
(*4)  Cost and Economic Aspects

Table 11. Indicators of SBTool involved in demountable construction. 
Score differences between R4House and ND-R4House.


SBTools has 13 indicators involved in demountable construction, each of which gave different scores in evaluating R4House and ND-R4House. The score difference in both cases was only 9.43% because SBTools does not consider some factors such as: Economic cost, Resources needed, Level of exploitation of resources. 

4. Results
The first result of this work is that modular and disassembled construction increases a building’s general sustainable level. A modular demountable house (R4House) was evaluated using eleven of the most important and best-known GBRS and the results obtained were as follows: ASGB: 2.06 %, BEAM: 1.40 %, BREEAM: 4.40 %, CEDES: 17.51 %, DNGB: 14.79 %, GBI: 7 %, GG: 6.80 %, GS: 5.46 %, IGBC: 1.33 %, LEED: 1.82 % and SBTool: 9.43 % (Table 12).
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Table 12. Contribution of demountable construction to a building’s sustainability level, using 11 GBRS

R4House can be dismantled and reassembled as many times as desired. In addition, all its components are easily dismantled, repairable and reusable, so the durability of the building can be maximized and with minimal maintenance required the environmental impact per unit of time can be minimized. Likewise, its construction reduced energy consumption to a minimum, resources were optimized to the maximum and the generation of emissions and waste was greatly reduced. It could thus be expected that all the GBRS would adequately value these environmental advantages by giving to R4House a high score, although this was not the case.
Only three GBRS adequately assessed the sustainable level of modular and demountable construction (CEDES: 17.51 %, DNGB: 14.79 %, SBTools: 9.43) while the rest gave it a low score, and four gave it an extremely low score (IGBC: 1.33 %, BEAM: 1.40 %, LEED 1.82 %, ASGB: 2.06 %). 
However, the most surprising aspect of the results is the enormous disparity in the scores obtained. It is certainly not acceptable for the same building to have a different sustainable level according to the GBRS used.

5. Discussion
In this work, a demountable house was analysed by eleven of the most internationally known GBRS. The results show that demountable and modular construction increases a building’s level of sustainability.
However, it is surprising that only three GBRS adequately assessed the sustainability of a modular demountable house, while the others considered it of little importance, with three of them giving it an extremely low score. To make matters worse, the results obtained varied widely. The evaluation process followed in each GBRS was reviewed several times in search of a possible error, although none was found. 
It could have been expected that all the existing GBRS would adequately and similarly assess the contribution of demountable construction in containers to the building’s sustainability level. However, this was not the case, since there were significant differences in the scores. It is not acceptable for the level of sustainability to depend on the GBRS chosen. It follows from this that the GBRS analysed are not suitable for properly assessing a building’s level of sustainability. 
More comparative studies should be carried out to determine whether there are other GBRS that are more suitable for assessing sustainability. However, if the eleven GBRS analysed are among the best it can be assumed that the remainder will be equally deficient.
The current GBRS should therefore be substantially modified or replaced by more suitable ones.
The disparity in the results obtained suggests that each GBRS was designed according to a different interpretation of the concept of “sustainability”. And this is something very dangerous, since if we intend to massively promote sustainability on a global scale the first thing that should be done is to define it in detail to avoid ambiguities and local interpretations. Of course, this general concept of sustainability should have small local variations, depending on each socio-economic environment, but they should be of little importance.
Once the concept of sustainability has been agreed upon and detailed, a new GBRS internationally valid should be created. This global GBRS would have to be adapted to the different socio-economic environments, but this would involve only minor variations.
Once the sustainability concept has been agreed and detailed, a common framework for the design of new GBRS should be created. Of course, each GBRS could have slight differences from the others, but they must share the same core, so that all their results do not significantly vary when evaluating the same building.
The common framework for the design of new GBRS should have a taxonomic structure on several levels in order to include all the sustainability aspects, so that the necessary evaluation indicators should be structured into categories and subcategories. These indicators must be perfectly justified, none should be in excess or missing should have a perfectly justified relative weight and they must be easily evaluated.
Another important point is that these GBRS, in addition to evaluating the level of sustainability of an already planned or constructed building, should above all serve to guide the design process. In this way, any professional could include it in the design to guarantee that the new buildings have the highest possible sustainable level, which means the evaluation process would only consist of a simple free administrative check.

6. Conclusions
This work has shown that demountable constructions have a higher level of sustainability than conventional constructions. For this, a demountable and a conventional house were assessed by 11 GBRS and the results obtained were compared. The chosen GBRS were: ASGB, BEAM, BREEAM, CEDES, DNGB, GBI, GG, GS, IGBC, LEED and SBTools. The house analyzed, Green Box, is completely demountable, and its components can be easily assembled and disassembled, so they can be easily removed from the building, repaired and reused as many times as necessary to extend its durability to the maximum and reduce its environmental impact per unit of time to the minimum.
Taking into account the considerable environmental benefits of demountable construction (maximum durability, minimum environmental impact per unit of time, reduced emissions and waste, optimized resources, low energy consumption, elimination of programmed obsolescence, etc.) one would expect all GBRS to rate them appropriately, providing a high score. However, that has not been the case.
Although the eleven GBRS used gave a higher level of sustainability to the demountable house, eight gave it very low scores, despite its obvious environmental benefits. To make matters worse, the scores of the eleven GBRS varied widely, which is unacceptable, since the same building obtained different scores depending on the GBRS used.
The study’s first conclusion is thus that the GBRS used should provide a higher level of sustainability to the demountable construction.
The second conclusion, and confirming the conclusions reached by previous authors is that most current GBRS cannot correctly assess sustainability and should be modified.
[bookmark: _bookmark35]The third conclusion is that the CEDES, SBTools and DNGB GBRS can be recommended to adequately assess demountable buildings’ level of sustainability.
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Highlights
- Evaluation of a demountable house by 11 GBRS
- Capacity for evaluating demountable construction by current GBRS
- ASGB, BEAM, BREEAM, CEDES, DNGB, GBI, GG, GS, IGBC, LEED,  SBTools.
- Contribution of demountable construction to the sustainability rating of a building
- Improve current Green Building Rating Systems, and design new GBRS
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Vegetal soil (sand + soil + vegetal waste)

Geotextile blanket for drainage Enkadrain

it Al A ol otk

Asphalt fabric for green roofs Politaber Garden

4 cm thick high density wood fiber insulation
(140kg/m3)

8

C

1.5 mm thick zinc sheet finishing

J

Container structure

5x3 cm Pine wooden batten
13 mm birch plywood with bamboo veneer finish
Steel wall of the container

Pine wooden horizontal batten

Steel sheet of the container

13 mm thick TRESPA panels

3 cm air chamber
5cm  thick wood fiber insulation

5x3 cm Pine wooden batten

13 mm thick birch plywood
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15 mm thick TRESPA panels
Pine wood exterior batten

5cm thick wood fiber insulation

1.5 mm thick Zinc sheet

IPE wooden subframe

|

Container structure

17 mm thick Wood-Concrete panel
5 cm thick wood fiber insulation

17 mm thick Wood-Concrete panel

Wooden batten for plywood
13mm thick birch plywood
Steel sheet of the container

Double glass (6+6)-25-6

with internal blinds

[—

Iroko wood carpentry treated with
mahogany-colored stains

X hmmble glass (3+3)-14-4

Stainless steel edge guard

Structural reinforcement metal
profile LD120.80.6

Wooden batten for plywood
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5 cm thick wood fiber insulation
J 3 cm air chamber
15 mm thick TRESPA panels

13 mm thick birch plywood

i A Steel wall of the container
Stainless steel skirting N\

Floor made of mosaic waste

Wood chipboard Pine wooden batten

Laminated glass 6+6+6 mm

Wood floor of the container

N
Steel profiles of the container base
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Rubber primer WV Al A A rass
R N l
10 cm thick filer concrete slab | 2
— — - Natural soil

Layer of river sand 30 cm thick
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High Humidity Level SUMMER
“ Photovoltaic solarcollectors (to generate
4 kW peak of electricity).

Hot air leaves the house through the
upper windows.

The house cools down at night, and
due to its high thermal inertia, it *
remains cool throughout the next day,
without any energy consumption

The large metal chimney heats up,
warming the indoor air, causing it to
rise rapidly, suctioning air from
inside the building

Sloped roof with 12 cm of insulation.
Direct solar radiation \

Indirect north-facing skylight
illumination

Green roof protects from solar
radiation, and provides insulation and
high thermal inertia to the structure.

The back roof overhang
generates a large volume of
fresh air in the northern part of
the building

protections (roof
overhangs)

\

Indirect solar radiation
protections (interior

awnings)
Due to the chosen materials

the walls breathe continuousl;
and naturally, which allows ai
renovation

While the air cools
the house it warms
up and rises to the
top of the house
therefore creating a ——3
natural flow of air
which runs through
the entire house
cooling it at its path

The outside air is introduced
into a set of underground
galleries and is cooled

The fresh air from the underground galleries 1 This gallery simultaneously
enters the house (during the day the house cools | protects the building from
the air). During the night the air cools the house humidity.
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High Humidity Level

WINTER
Solar thermal collectors for domestic

In winter, the solar chimney \ hot v_va!er (DHW) and underfloor
damper is closed to prevent heating (7 collectors of 2 x 1 meters).

it from drawing out the warm .
air from inside the house Photovoltaic solar collectors (to

generate 4 kW peak of electricity).
Sloped roof with 12 cm of

insulation (Natural hemp). In winter, the upper windows are

closed so that hot air does not

Direct solar lighting escape from the interior of the house

from the south

Indirect solar lighting from the
In winter, the north
awnings are raised,
allowing maximum
possible solar
radiation to enter

The green roof retains the
building's warmth during the
night and insulates from the
external cold

In winter vents are Direct solar radiation penetrate:

closed. Vents can =P - n deep into the building
be opened and 1 > - L, 2 |

closed so that air
for ventilation
enters only when
needed

In winter, vents are closed to
prevent air from entering the
underground system.

Fan powered by photovoltaic
panels.

The container floor is solidified with concrete i The solar underfloor heating

and incorporates a water-based radiant heating | system is installed in the false
system. floor of the containers
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