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Table A.1. Footnotes to Table 6.1: Emergy evaluation of marble tiles (without services).

1 Marble
Input 0.084 m® From Nicoletti ef a/. (2002), p. 289, figure 3
(input m?) x (2750 kg/m?) 231.000 kg Density of granite from Zhang (2005),
p. 40, table 3.8
Gram equivalent 231E+05¢g
Emergy per unit input 1.45 E+Q9 sel/g Same as metamorphic rocks from Odum
(baseline 9.44 E+24 sel/y) (1996), p. 44, table 3.3
Emergy per unit input 2.44 E+09 sel/g
(baseline 15.83 E+24 sel/y)
2 Water (industry)
Input 66.4 1 From Nicoletti ef a/. (2002), p. 289, figure 3
(input )*(0,001 m?) 0.0664 m?
Water density 1000 kg/m?
(input m?) x (water density m?) 66.4 kg
Gram equivalent 6.64 E+04 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/.(2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)
3 Electricity
Input 12.42 kWh From Nicoletti ef a/. (2002), p.290, table 6
(input kWh) x (3,6 MJ) 44,712 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 4.47 E+07 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
4 Thermal energy (mostly oil fuels)

Input
Joule equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

9.10 MJ
9.10 E+06 J
6.60 E+04 sel/J

1.11E+05 sel/J

From Nicoletti ef a/. (2002), p. 290, table 6

From Odum (1996), p. 308, table C.2




308

Design for Deconstruction: Emergy Approach to Evaluate Deconstruction Effectiveness

Table A.2. Footnotes to Table 6.2: Emergy evaluation of granite tiles (without services).

Granite

Input 0.084 m? Adapted from Nicoletti et a/. (2002), p. 289,
figure 3

(input m?) x (2667 kg/m3) 224.028 kg Mean density of granite from Zhang (2005),
p. 40, table 3.8

Gram equivalent 224 E+05 ¢

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

5.00 E+08 sel/g

8.40 E+08 sel/g

From Odum (1996), p. 44, table 3.3

2 Water (industry)
Input 66.4 1 Adapted from Nicoletti ef a/. (2002), p. 289,
figure 3
(input 1)*(0,001 m?3) 0.0664 m?
Water density 1000 kg/m?®
(input m®) x (water density m?) 66.4 kg
Gram equivalent 6.64 E+04 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/.(2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)
3 Electricity
Input 12.42 kWh Adapted from Nicoletti ef a/. (2002), p.290,
table 6
(input kWh) x (3,6 MJ) 44,712 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 4.47 E+07 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
4 Thermal energy (mostly oil fuels)

Input

Joule equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

9.10 MJ

9.10 E+06 J
6.60 E+04 seJ/J

1.12E+05 selJ/J

Adapted from Nicoletti ef a/. (2002),
p. 290, table 6

From Odum (1996), p. 308, table C.2
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Table A.3. Footnotes to Table 6.3: Emergy evaluation of ceramic tiles (without services).

1 Clay
Input 8.8 kg From Nicoletti ef a/. (2002), p. 287, table 2
Gram equivalent 8.80 E+03 g
Emergy per unit input 2.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 3.36 E+09 sel/g
(baseline 15.83 E+24 sel/y)

2 Feldspars
Input 4.89 kg From Nicoletti ef a/. (2002), p. 287, table 2
Gram equivalent 489 E+03 g
Emergy per unit input 5.00 E+08 sel/g Assumed same as granitic rocks,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 44, table 3.3
Emergy per unit input 8.40 E+08 sel/g
(baseline 15.83 E+24 sel/y)

3 Limestone
Input 2.93 kg From Nicoletti ef a/. (2002), p. 287, table 2
Gram equivalent 293 E+03 g
Emergy per unit input 1.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

4 Siliceous sand
Input 2.81 kg From Nicoletti ef a/. (2002), p. 287, table 2
Gram equivalent 2.81E+03 g
Emergy per unit input 2.24 E+09 sel/g From Campbell ef a/. (2005), p. B-2,
(baseline 15.83 E+24 sel/y) table B1.1

5 Frit (glazing)

Input

Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.13 kg

1.13E+03 g
1.00 E+Q09 sel/g

1.68 E+Q09 sel/g

From Nicoletti ef a/. (2002), p. 287, table 2
and table 4

Assumed same as minerals,
from Odum (1996), p. 44, table 3.3
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Table A.3. Continued.

6 Water (industry)
Input 0.024 m® From Nicoletti ef a/. (2002), p. 287, table 2
Water density 1000 kg/m?
(input m?) x (water density kg/m?)  24.0 kg
Gram equivalent 240 E+04 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/.(2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g

(baseline 15.83 E+24 sel/y)

7 Electricity
Input 5.63 kWh From Nicoletti ef a/. (2002), p. 288, table 5
(input kWh) x (3,6 MJ) 20.268 MJ Energy unit conversion from

Davis & Diegel (2007), p. B-6, table B.6

Joule equivalent 2.03 E+07 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 seJ/J

(baseline 15.83 E+24 sel/y)

8 Qil fuels
Input 2.24 MJ From Nicoletti ef a/. (2002), p. 288, table 5
Joule equivalent 2.24 E+06 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 seJ/J

(baseline 15.83 E+24 sel/y)

9 Natural gas
Input 51.97 MJ From Nicoletti ef a/. (2002), p. 288, table 5
Joule equivalent 5.20 E+07 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.06 E+04 sel/J

(baseline 15.83 E+24 sel/y)

10 Methane
Input 52.92 MJ From Nicoletti ef a/. (2002), p. 288, table 5
Joule equivalent 5.29 E+07 J
Emergy per unit input 4.80 E+04 sel/J Assumed same as natural gas,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2
Emergy per unit input 8.06+04 sel/J

(baseline 15.83 E+24 sel/y)
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Table A.4. Footnotes to Table 6.4: Emergy evaluation of stucco (without services).

1 Gypsum
Input 1228.00 kg From Fisher (2008), p. 29, table 6.3
Gram equivalent 1.23 E+06 g
Emergy per unit input 1.00 E+Q09 sel/g From Brown & McClanahan (1996), p. 114,
(baseline 9.44 E+24 sel/y) table 1
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
2 Electricity
Input 32.70 kWh From Fisher (2008), p. 29, table 6.3
(input kWh) x (3,6 MJ) 117.72 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 1.18 E+08 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
3 Natural gas
Input 21.10 From Fisher (2008), p. 29, table 6.3
(input kWh) x (3,6 MJ) 8.71 E+02 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 8.71 E+08 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.06 E+04 sel/J
(baseline 15.83 E+24 sel/y)
4 LPG
Input 26.90 kWh From Fisher (2008), p. 29, table 6.3
(input kWh) x (3,6 MJ) 96.84 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 9.68 E+07 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 sel/J

1.11 E+05 sel/J

From Odum (1996), p. 308, table C.2
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Table A.5. Footnotes to Table 6.5: Emergy evaluation of facing paper (without services).

1 Virgin paper
Input 19.80 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 1.98E+04 g
HHV brown paper 1.79E+04 J/g From Goel (2008), p. A4-1
Joule equivalent (input x HHV) 3.55 E+08 J
Emergy per unit input 3.61 E+05 sel/J From Pulselli ef a/. (2007), p. 6, table 2
(baseline 15.83 E+24 sel/y)

2 Recycled paper
Input 1030,00 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 1.98E+04 g
HHV brown paper 1.79E+04 J/g From Goel (2008), p. A4-1
Joule equivalent (input x HHV) 1.85E+10J
Emergy per unit input 3.61 E+05 sel/J Assumed same as paper from Pulselli ef a/.
(baseline 15.83 E+24 sel/y) (2007), p. 6, table 2

3 Starch
Input 6.80 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 6.80 E+03 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as glue and adhesives,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

4 Biocide
Input 9.00 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 9.00E+03 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

5 Dyes
Input 0.30 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 3.00E+01 g

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.80 E+08 sel/g

6.38 E+08 sel/g

Assumed same as chemicals,
from Buranakarn (1998), p. 140, table A-1
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Table A.5. Continued.

6 ASA sizing
Input 2.30 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 2.30E+03 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

7 Retention polymer
Input 0.70 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 7.00E+02 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

8 Antifoaming agent
Input 0.30 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 3.00E+02 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

9 Aluminum oxide
Input 4.80 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 4.80E+03 g
Emergy per unit input 1.00 E+Q9 sel/g Assumed same as minerals,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

10 Water (mains and river)

Input
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

7105 |
7.11 E+06 g
3.23 E+05sel/g

5.43 E+06 sel/g

From Fisher (2008), p. 28, table 6.2

From Buenfil (2001), p. 223, table D-1
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Table A.5. Continued.

11 Electricity
Input 541.80 kWh From Fisher (2008), p. 28, table 6.2
(input kWh) x (3,6 MJ) 1950.48 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 1.95E+09 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
12 Qil fuels
Input 0.501 From Fisher (2008), p. 28, table 6.2
MJ equivalent 2.07 E+01 MJ
(input 1) x (38.7 MJ/I)
Joule equivalent 2.07 E+07 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 sed/J
(baseline 15.83 E+24 sel/y)
13 Natural gas
Input 54.40 me From Fisher (2008), p. 28, table 6.2
MJ equivalent 2.25 E+03 MJ
(input m2x 41.3 MJ/m:)
Joule equivalent 2.25E+09 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

4.80 E+04 sel/J

8.06+04 sel/J

From Odum (1996), p. 308, table C.2
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Table A.6. Footnotes to Table 6.6: Emergy evaluation of plasterboard panel (without services).

1 Stucco
Input 859.00 kg From Fisher (2008), p. 29, Table 7.4
Gram equivalent 8.59 E+05 g
Emergy per unit input 2.18 E+09 sel/g From this study, Table 6.4
(baseline 15.83 E+24 sel/y)

2 Facing paper
Input 47.00 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 470E+04 g
Emergy per unit input 7.57 E+09 sel/g From this study, Table 6.5
(baseline 15.83 E+24 sel/y)

3 Corn starch
Input 4.00 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 4,00 E+03 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as glue and adhesives,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

4 Potassium sulphate
Input 0.70 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 7.00E+02 g
Emergy per unit input 1.10 E+09 sel/g Assumed same as potassium fertilizer,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 310, table C.4
Emergy per unit input 1.85 E+09 sel/g
(baseline 15.83 E+24 sel/y)

5 Fluidiser
Input 0.60 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 0.60E+02 g

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.80 E+08 sel/g

6.38 E+08 sel/g

Assumed same as chemicals,
from Buranakarn (1998), p. 140, table A-1
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Table A.6. - Continued.

6 Detergent (soap)
Input 0.10 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 1.00E+02 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

7 Edge glue
Input 0.20 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 2.00E+02 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as glue and adhesives,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)

8 Waste paper
Input 1.70 kg From Fisher (2008), p. 28, table 6.2
Gram equivalent 1.70E+03 g
HHV brown paper 1.79E+04 J/g From Goel (2008), p. A4-1
Joule equivalent (input x HHV) 3.05 E+07 J
Emergy per unit input 3.61 E+05 sel/J Assumed same as paper from Pulselli ef a.
(baseline 15.83 E+24 sel/y) (2007), p. 6, table 2

9 Copper sulphate
Input 0.20 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 2.00E+02 g
Emergy per unit input 1.00 E+Q9 sel/g Assumed same as minerals,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

10 Lignin sulphonate

Input
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.70 kg
1.70 E+03 g
3.80 E+08 sel/g

6.38 E+08 sel/g

From Fisher (2008), p. 29, table 6.4

Assumed same as chemicals,
from Buranakarn (1998), p. 140, table A-1
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Table A.6. Continued.

11 Ink
Input 0.01 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 1.00E+01 g
Emergy per unit input 1.85 E+09 sel/g Assumed same as paint,
(baseline 9.44 E+24 sel/y) from Brown & Ulgiati (2002), p. 327, table 2
Emergy per unit input 3.11 E+09 sel/g
(baseline 15.83 E+24 sel/y)
12 Nealit (finely ground gypsum)
Input 5.20 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 520 E+03 g
Emergy per unit input 1.00 E+Q09 sel/g Assumed same as gypsum,
(baseline 9.44 E+24 sel/y) from Brown & McClanahan (1996), p. 114,
table 1
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
13 Dextrose
Input 0.90 kg From Fisher (2008), p. 29, table 6.4
Gram equivalent 9.00E+02 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)
14 Water (mains)
Input 7526.00 | From Fisher (2008), p. 28, table 6.2
Gram equivalent 526 E+05 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/. (2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)
15 Electricity
Input 25 kWh From Fisher (2008), p. 29, table 6.4
(input kWh) x (3,6 MJ) 90.00 MJ Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6
Joule equivalent 9.00 E+07 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.74 E+05 sel/J

2.92 E+05 sel/J

From Odum (1996), p. 305, table C.1
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Table A.6. Continued.
16 Natural gas

Input 49.00 m® From Fisher (2008), p. 29, table 6.4
MJ equivalent 2.02 E+03 MJ From this study

(input m® x 41.3 MJ/m?)

Joule equivalent 2.02 E+09 J

Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)

Emergy per unit input 8.07+04 sel/J

(baseline 15.83 E+24 sel/y)




Appendix A: Footnotes to Emergy evaluation tables of selected building materials 319

Table A.7. Footnotes to Table 6.7: Emergy evaluation of finished plasterboard panel (without services).

1 Plasterboard
Input 10.20 kg From Iberplaco (2004)
Gram equivalent 1.02E+04 g
Emergy per unit input 2.43 E+09 sel/g From this study, Table 6.6
(baseline 15.83 E+24 sel/y)

2 Gypsum
Input 0.33 kg From Iberplaco (2004)
Gram equivalent 3.30E+03 g
Emergy per unit input 1.00 E+Q9 sel/g From Brown & McClanahan (1996), p. 114,
(baseline 9.44 E+24 sel/y) table 1
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

3 Water (potable)

Input
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.165 kg
1.65E+02 g
474 E+07 sel/g

7.96 E+07 sel/g

From Iberplaco (2004)

From Castellini ef a/. (2006), p. 346, table 3
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Table A.8. Footnotes to Table 6.8: Emergy evaluation of Portland cement (average system production

without services).

1 Limestone
Input 1165 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 1.17E+06 g
Emergy per unit input 1.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

2 Cement rock
Input 207 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 2.07E+05¢g
Emergy per unit input 1.00 E+Q9 sel/g Assumed same as limestone,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 310, table C.4
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

3 Shale
Input 52 kg From Marceau ef a/. (2006) p. 13, table 9a
Gram equivalent 520 E+04 g
Emergy per unit input 1.00 E+Q09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

4 Clay
Input 60 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 6.00 E+04 g
Emergy per unit input 2.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 3.36 E+09 sel/g
(baseline 15.83 E+24 sel/y)

5 Bottom ash
Input 10 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 1.00E+04 g

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

8.30 E+08 sel/g

1.39 E+09 sel/g

Assumed same as fly ash,
from Wang et a/. (2006) p. 64, table 2
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6 Foundry sand
Input 4 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 4.00E+03 g
Emergy per unit input 2.24 E+09 sel/g Assumed same as sand, from
(baseline 15.83 E+24 sel/y) Campbell ef a/. (2005), p. B-2, table B1.1
7 Sand
Input 40 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 400E+04 g
Emergy per unit input 2.24 E+09 sel/g From Campbell ef a/. (2005), p. B-2,
(baseline 15.83 E+24 sel/y) table B1.1
8 [ron ore
Input 14 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 1.40E+04 g
Emergy per unit input 1.22 E+09 sel/g From Buranakarn (1998), p. 142, table A-2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.05 E+09 sel/g
(baseline 15.83 E+24 sel/y)
9 Blast furnace slag
Input 20 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 2.00E+04 g
Emergy per unit input 6.61 E+09 sel/g From Buranakarn (1998), p. 142, table A-2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+10sel/g
(baseline 15.83 E+24 sel/y)
10 Slate
Input 1kg From Marceau ef a/. (2006) p. 13, table 9a
Gram equivalent 1.00E+03 g
Emergy per unit input 1.45 E+09 sel/g Assumed same as metamorphic rocks,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 44, table 3.3
Emergy per unit input 2.44 E+Q09 sel/g
(baseline 15.83 E+24 sel/y)
11 Other raw materials Mainly minerals: bauxite, dolomite, lime,

quartz, pozzolan, and silica

Input
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

26 kg
2.60E+04 g
1.00 E+09 sel/g

1.68 E+09 sel/g

From Marceau et a/. (2006) p. 13, table 9a

Assumed same as general minerals,
from Odum (1996), p. 310, table C.4
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Table A.8. Continued.

12 Gypsum
Input 49 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 490E+04 g
Emergy per unit input 1.00 E+Q9 sel/g From Brown & McClanahan (1996), p. 114,
(baseline 9.44 E+24 sel/y) table 1
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)

13 Water (process)
Input 88 kg From Marceau et a/. (2006) p. 13, table 9a
Gram equivalent 880E+04 g
Emergy per unit input 6.64 E+05 sel/g From Wang ef a/.(2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)

14 Water (non process)
Input 752 kg From Marceau et a/. (2006) p. 13, table 9a
Grams equivalent 7.52E+05¢g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/.(2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)

15 Electricity
Input 144 kKWh From Marceau et a/. (2006) p. 18, table 14a
(input kWh) x (3,6 MJ) 5.18 E+02 MJ Energy unit conversion from

Davis & Diegel (2007), p. B-6, table B.6

Joule equivalent 5.18 E+08 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.74 E+05 sel/J

2.92 E+05 sel/J

From Odum (1996), p. 305, table C.1
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Table A.8. Continued.

16 Coal
Input 107 kg From Marceau et a/. (2006) p. 18, table 14a
Input gram equivalent 107000 g
HHV 21.352 E+06 From Davis & Diegel (2007), p. B4,
Btu/short ton table B.4

(HHV Btu x 1055 J) / (1 short ton
x 907200 g)

(input g) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

248 E+04)/g

2.66 E+09 J
4.40 E+04 sel/J

6.72 E+04 seJ/J

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-10, table B.12

From Odum (1996), p. 310, table C.4

17 Gasoline
Input 0.1331 From Marceau et a/. (2006) p. 18, table 14a
HHV 125000 Btu/gal From Davis & Diegel (2007), p. B-4,

(HHV Btu x 1055 J) / (1 gal x
3,7851)

(input 1) x (HHV J/1)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

18 Liquefied petroleum gas

3.48 E+07 J/I

4.63 E+06 J
6.60 E+04 sel/J

1.11 E+05 seJ/J

table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

From Odum (1996), p. 308, table C.2

Input
HHV

(HHV Btu x 1055 J) / (1 gal x
3,785 )

(input ) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.01431
91300 Btu/gal

2.54 E+07 J/|

3.64 E+05J

7.00 E+04 sel/J

1.18 E+05 sel/J

From Marceau et a/. (2006) p. 18, table 14a

From Davis & Diegel (2007), p. B4,
table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

From Buranakarn (1998), p. 139, table A-1
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Table A.8. Continued.

19 Middle distillates
Input 1.066 | From Marceau et a/. (2006) p. 18, table 14a
HHV 138700 Btu/gal From Davis & Diegel (2007), p. B-4,
table B.4
(HHV Btu x 1055 J) / (1 gal x 3.87 E+07 J/I Energy unit conversion from
3,7851) Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10
(input 1) x (HHV J/g) 4.12 E+07 J
Emergy per unit input 6.60 E+04 sel/J Assumed same as fuel ails,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2
Emergy per unit input 1.11 E+05 sel/J
(baseline 15.83 E+24 sel/y)
20 Natural gas
Input 5.569 m? From Marceau et al. (2006) p. 18, table 14a
HHV 1109 Btu/ft? From Davis & Diegel (2007), p. B4,
table B.4
(HHV Btu x 1055 J) / (1 ft¥ x 4,13 E+07 J/m? Energy unit conversion from
0,0283 m?) Davis & Diegel (2007), p. B6, table B-6, and
p. B-7, table B.8
(input me) x (HHV J/m?) 2.30 E+08 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.06 E+04 seJ/J
(baseline 15.83 E+24 sel/y)
21 Petroleum coke

Input

Bulk density

Or 1 m*=1000 I
Input litre equivalent
HHV

(HHV Btu x 1055 J) / (1 gal x
3,7851)

(input 1) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3800.0 kcal
880 kg/m?
0.88 kg/I
25.34 |

143400 Btu/gal

4.00 E+07 J/I

1.01 E+09 J

5.40 E+04 sel/J

9.07 E+04 sel/J

From Marceau et a/. (2006) p. 18, table 14a

From Davis & Diegel (2007), p. B4,
table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

Caruso et al. (2001), p. 270, table 2
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Table A.8. Continued.

22 Residual oil
Input 0.0442 1| From Marceau et a/. (2006) p. 18, table 14a
HHV 149700 Btu/gal From Davis & Diegel (2007), p. B-4,

(HHV Btu x 1055 J) / (1 gal x
3,785

(input 1) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

4.17 E+07 J/I

1.84 E+06 J
6.60 E+04 sel/J

1.11 E+05 sel/J

table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

Assumed as fuel oils,
from Odum (1996), p. 308, table C.2
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Table A.9. Footnotes to Table 6.9: Emergy evaluation of concrete C20/25 (without services).

1 Sand
Input 0.391 m? From Manso et al. (1997),
p. 1212, table IC-2682 3
Mass 1602 kg/m?
Kilogram equivalent 626.38 kg
Gram equivalent 6.26 E+05 g
Emergy per unit input 2.24 E+09 sel/g From Campbell et a/. (2005), p. B-2,
(baseline 15.83 E+24 sel/y) table B1.1
2 Gravel
Input 0.676 m® From Manso et al. (1997),
p. 1212, table 1C-2682 3
Mass 1522 kg/m®
Kilogram equivalent 1028.87 kg
Gram equivalent 1.03E+06 g
Emergy per unit input 2.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 3.36 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Aggregates
Input 0.391 m® From Manso et al. (1997),
p. 1212, table IC-2682 3
Mass 1682 kg/m?
Kilogram equivalent 657.66 kg
Gram equivalent 6.58 E+05 g
Emergy per unit input 2.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 3.36 E+09 sel/g
(baseline 15.83 E+24 sel/y)
4 Portland cement

Input

Gram equivalent

Emergy per unit input
(baseline 15.83 E+24 sel/y)

300 kg

3.00E+05 g
3.53 E+09 sel/g

From Manso et al. (1997),
p. 1212, table 1C-2682 3

From this study, Table 6.8
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Table A.9. Continued.

5 Water (potable)
Input 0.316 m® From Manso et a/. (1997),
p. 1212, table IC-2682 3
Water density 1000 kg/m?
(Input m?) x (water density kg/m?) 316 kg
Gram equivalent 3.16 E+05 g

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

474 E+07 sel/g

7.96 E+07 sel/g

From Castellini ef a/. (2006), p. 346, table 3

6 Diesel
Input 0.9751 From Manso et al. (1997),
p. 1212, table IC-2682 3
HHV 138700 Btu/gal From Davis & Diegel (2007), p. B-4,

(HHV Btu x 1055 J) / (1 gal x
3,785 )

(input ) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.87 E+07 J/I

3.77 E+07 J
6.60 E+04 sel/J

1.11 E+05 sel/J

table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

Bastianoni ef a/ (2001), p. 368, table 2
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Table A.10.Footnotes to Table 6.10: Emergy evaluation of mortar (without services).

1 Sand
Input 1.064 m? From Manso et al. (1997),
p. 1217, table IC-2691
Mass 1602 kg/m?
Kilogram equivalent 1704.53 kg
Gram equivalent 1.70E+06 g
Emergy per unit input 2.24 E+09 sel/g From Campbell et a/. (2005), p. B-2,
(baseline 15.83 E+24 sel/y) table B1.1
2 Portland cement
Input 298 kg From Manso ef al. (1997),
p. 1217, table IC-2691
Gram equivalent 298 E+05¢g
Emergy per unit input 3.53 E+09 sel/g From this study, Table 6.8
(baseline 15.83 E+24 sel/y)
3 Water (potable)
Input 0.316 m? From Manso ef al. (1997),
p. 1217, table 1C-2691
Water density 1000 kg/m?
(Input m®) x (water density kg/m®) 316 kg
Gram equivalent 3.16E+05 ¢
Emergy per unit input 474 E+07 sel/g From Castellini ef a/. (2006), p. 346, table 3
(baseline 9.44 E+24 sel/y)
Emergy per unit input 7.96 E+07 sel/g
(baseline 15.83 E+24 sel/y)
4 Diesel
Input 0.975 1 From Manso et al. (1997),
p. 1217, table IC-2691
HHV 138700 Btu/gal From Davis & Diegel (2007), p. B4,

(HHV Btu x 1055 J) / (1 gal x
3,785 )

(input ) x (HHV J/g)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.87 E+07 J/I

3.77 E+07 J
6.60 E+04 sel/J

1.11 E+05 seJ/J

table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

Bastianoni et a/. (2001), p. 368, table 2
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Table A.11.Footnotes to Table 6.11: Emergy evaluation of rendering mortar (without services).

1 Sand
Input 0.015m? From Manso et al. (1997),
p. 1224, table IC-2709
Mass 1602 kg/m?
Kilogram equivalent 24.03 kg
Gram equivalent 240E+04 g
Emergy per unit input 2.24 E+09 sel/g From Campbell et a/. (2005), p. B-2,
(baseline 15.83 E+24 sel/y) table B1.1
2 Lime
Input 4.2 kg From Manso et al. (1997),
p. 1224, table IC-2709
Gram equivalent 420E+03 g
Emergy per unit input 1.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Portland cement
Input 4.2 kg From Manso et al. (1997),
p. 1224, table IC-2709
Gram equivalent 420E+03 g
Emergy per unit input 3.53 E+09 sel/g From this study, Table 6.8
(baseline 15.83 E+24 sel/y)
4 Water (potable)

Input

Water density

(Input m) x (water density kg/m?d)

Grams equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.007 m?

1000 kg/m?

7 kg

7.00 E+03 g
4.74 E+07 sel/g

7.96 E+07 sel/g

From Manso et al. (1997),
p. 1224, table IC-2709

From Castellini ef a/. (2006), p. 346, table 3
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Table A.11. Continued.

5 Diesel

Input 0.975 1 From Manso et al. (1997),
p. 1224, table IC-2709

HHV 138700 Btu/gal From Davis & Diegel (2007), p. B4,
table B.4

(HHV Btu x 1055 J) / (1 gal x 3.87 E+07 J/I Energy unit conversion from

3,7851) Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

(input 1) x (HHV J/g) 3.77 E+07 J

Emergy per unit input 6.60 E+04 sel/J Bastianoni ef a/. (2001), p. 368, table 2

(baseline 9.44 E+24 sel/y)

Emergy per unit input 1.11 E+05 sed/J

(baseline 15.83 E+24 sel/y)
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Table A.12.Footnotes to Table 6.12: Emergy evaluation of finished plaster (without services).

1 Lime
Input 1.75 kg From Manso et al. (1997),
p. 1224, table IC-2709
Gram equivalent 1.75E+03 g
Emergy per unit input 1.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
2 Gypsum
Input 0.90 kg From Manso et al. (1997),
p. 1224, table IC-2709
Gram equivalent 9.00E+02 g
Emergy per unit input 1.00 E+09 sel/g From Brown & McClanahan (1996), p. 114,
(baseline 9.44 E+24 sel/y) table 1
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Water (potable)

Input

Water density
(Input md) x (water density kg/md)
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.006 m?®

1000 kg/m?
6.00 kg

600 E+035 ¢
474 E+07 sel/g

7.96 E+07 sel/g

From Manso ef al. (1997),
p. 1212, table IC-2682 3

From Castellini ef a/. (2006), p. 346, table 3
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Table A.13.Footnotes to Table 6.13: Emergy evaluation of finished painting (without services).

1 Paint (finishing)

Input 0.21 From Manso et al. (1997),
p. 722, table IC-1568

Mass 1.360 kg/I From Robbialac (2008)
Kilogram equivalent 0.274 kg
Gram equivalent 274 E+02 g
Emergy per unit input 1.85 E+09 sel/g Assumed same as paint,
(baseline 9.44 E+24 sel/y) from Brown & Ulgiati (2002), p. 327, table 2
Emergy per unit input 3.11 E+09 sel/g
(baseline 15.83 E+24 sel/y)

2 Paint (primary)
Input 0.061 From Manso et al. (1997),

p. 722, table IC-1568

Mass 1.02 kg/I From Robbialac (2008)
Kilogram equivalent 0.0612 kg
Gram equivalent 6.12 E+01 g
Emergy per unit input 1.85 E+09 sel/g Assumed same as paint,
(baseline 9.44 E+24 sel/y) from Brown & Ulgiati (2002), p. 327, table 2
Emergy per unit input 3.11 E+09 sel/g
(baseline 15.83 E+24 sel/y)

3 Water (potable)

Input

Kg equivalent
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.001 me

1.00 E+00 kg
1.00 E+03 g
474 E+07 sel/g

7.96 E+07 sel/g

From Manso ef al. (1997),
p. 865, table IC-1568

From Castellini ef a/. (2006), p. 346, table 3
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Table A.14.Footnotes to Table 6.14: Emergy evaluation of OSB panel (without services).

1 Harvested logs (wood)
Input 46.827 ft3/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
1 ft® equivalent 0.028317 m®
(inpt ft3) x ( m® equivalent) 1.325 m®/kft?
(input m3/kft®) / 1000 0.001325 m¥/ft?
1 ft? equivalent 0.0929 m?
(input m¥/ft?) / (m? equivalent) 0.01427 m*/m?
Wood medium density 600.00 kg/m?
(input m®*/m?) x (wood density) 8.56 kg/m?
Gram equivalent 8.56 E+03 g
Emergy per unit input 4.04 E+08 sel/g From Bastianoni ef a/. (2001),
(baseline 9.44 E+24 sel/y) p. 368, table 2
Emergy per unit input 6.79 E+08 sel/g
(baseline 15.83 E+24 sel/y)
2 Bark
Input 4.2118 ft3/kft? From U. S. Life Cycle Inventory Database

1 £ equivalent

(inpt ft%) x ( m® equivalent)
(input m3/kft®) / 1000

1 ft? equivalent

(input m3/ft?) / (m? equivalent)
Wood medium density

(input m*/m?) x (wood density)
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

(http://www.nrel.gov/Ici/)
0.028317 m?
0.119 m3/kft?
0.0001193 m¥/ft?
0.0929 m?
0.0013 m¥/m?
240.00 kg/m?
0.31 kg/m?
3.08E+02 g

4.04 E+08 sel/g Assumed same as wood logs, from
Bastianoni ef a/. (2001), p. 368, table 2

6.79 E+08 sel/g
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Table A.14. Continued.

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.80 E+08 sel/g

6.38 E+08 sel/g

3 Phenol formaldehyde resin
Input 18.1989 kg/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
(input kg/kft?)/ 1000 0.0181989 g/ft?
1 ft? equivalent 0.0929 m?
(input kg/ft?) / (m? equivalent) 0.1959 kg/m?
Gram equivalent 1.96 E+02 ¢

Assumed same as chemicals, Buranakarn
(1998), p. 140, table A-1

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.80 E+08 sel/g

6.38 E+08 sel/g

4 MDIA resin
Input 3.5024 kg/kft2 From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
(input kg/kft?)/ 1000 0.0035024 g/ft?
1 ft? equivalent 0.0929 m?
(input kg/ft?) / (m? equivalent) 0.0377 kg/m?
Gram equivalent 3.77E+01 g
Emergy per unit input 3.80 E+08 sel/g Assumed same as chemicals, Buranakarn
(baseline 9.44 E+24 sel/y) (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)
5 Slack wax (paraffin)
Input 8.2839 kg/kit? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
(input kg/kft?)/ 1000 0.0082839 g/ft?
1 ft? equivalent 0.0929 m?
(input kg/ft?) / (m? equivalent) 0.0892 kg/m?
Gram equivalent 892E+01g

Assumed same as chemicals, Buranakarn
(1998), p. 140, table A-1
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Table A.14. Continued.

(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.12 E+06 sel/g

6 Water
Input 1464.7926 |/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
(input I/kft*)/ 1000 1.4648 |/1t?
1 ft? equivalent 0.0929 m?
(input 1/t3) / (m? equivalent) 15.7669 |/m?
Water density 1 kg/I
(input 1I/m?) x (water density kg/l)  15.7669 kg/m?
Gram equivalent 1.58 E+04 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/.(2006), p. 64, table 2

Electricity

Input 210.38 kWh/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)

(input kWh/kft®)/ 1000 0.21038 kwh/ft?

1 ft? equivalent 0.0929 m?

(input kWh/ft?) / (m? equivalent)  2.2645 kWh/M?

(input KWh/m?) x (3,6 MJ/kWh) 8.15 MJ/m2 Energy unit conversion from
Davis & Diegel (2007), p. B-6, table B.6

Joule equivalent 8.15 E+06 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.74 E+05 seJ/J

2.92 E+05 sel/J

From Odum (1996), p. 305, table C.1

Natural gas

Input 35.9629 m?/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)

(input m3/kft?)/ 1000 0.03596 kWh/ft?

1 ftz equivalent 0.0929 m?

(input m/ft?) / (m? equivalent)
HHV

(HHV Btu x 1055 J) / (1 f* x
0,0283 m?)

(input m®) x (HHV J/m?)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.3871 M¥/m?
1109 Btu/fts

4.13 E+07 J/mM?®
1.60 E+07 J
1.74 E+05 sel/J

2.92 E+05 sel/J

From Davis & Diegel (2007), p. B4,

table B.4

Energy unit conversion from

Davis & Diegel (2007), p. B6, table B-6, and

p. B-7, table B.8

From Odum (1996), p. 308, table C.2
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Table A.14. Continued.

9 Diesel fuel

Input 5.1712 1/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)

(input I/kft%)/1000 0.00517 I/t

1 ft? equivalent 0.0929 m?

(input I/ft3) / (m? equivalent) 0.05566 |/m?

HHV 138700 Btu/gal From Davis & Diegel (2007), p. B4,
table B.4

(HHV Btu x 1055 J) / (1 gal x 3.87 E+07 J/I Energy unit conversion from

3,7851) Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

(input 1) x (HHV J/1) 2.15 E+06 J

Emergy per unit input 6.60 E+04 sel/J Bastianoni et a/. (2001), p. 368, table 2

(baseline 9.44 E+24 sel/y)

Emergy per unit input 1.11 E+05 sel/J

(baseline 15.83 E+24 sel/y)

10 Middle distillates

Input 1.5524 |/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)

(input 1/kft%)/ 1000 0.00155 I/ft?

1 ftz equivalent 0.0929 m?

(input 1/ft3) / (m2 equivalent) 0.0167 I/m?

HHV 138700 Btu/gal From Davis & Diegel (2007), p. B-4,
table B.4

(HHV Btu x 1055 J) / (1 gal x 3.87 E+07 J/I Energy unit conversion from

3,7851) Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

(input 1) x (HHV J/g) 6.46 E+05 J

Emergy per unit input 6.60 E+04 sel/J Assumed same as fuel oils,

(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2

Emergy per unit input 1.11 E+05 sed/J

(baseline 15.83 E+24 sel/y)
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Table A.14. Continued.

11 Liquefied petroleum gas
Input 2.5314 |/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)
(input 1/kft%)/ 1000 0.00253 I/1t?
1 ft? equivalent 0.0929 m?
(input 1/t3) / (mz equivalent) 0.0272 1/m?
HHV 91300 Btu/gal From Davis & Diegel (2007), p. B4,
table B.4
(HHV Btu x 1055 J) / (1 gal x 2.54 E+07 J/I Energy unit conversion from
3,7851) Davis & Diegel (2007), p. B6, table B-6
(input 1) x (HHV J/g) 6.93 E+05 J
Emergy per unit input 7.00 E+04 seJ/J From Buranakarn (1998), p. 139, table A-1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.18 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
12 Gasoline
Input 0.4314 1/kft? From U. S. Life Cycle Inventory Database

(input I/kft)/ 1000

1 ft? equivalent

(input 1/1t?) / (m? equivalent)

HHV

(HHV Btu x 1055 J) / (1 gal x

3,7851)

(input 1) x (HHV J/1)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.0004314 I/t
0.0929 m?
0.00445 |/m?
125000 Btu/gal

3.48 E+07 J/I

1.55 E+05J

6.60 E+04 sel/J

1.11 E+05 sel/J

(http://www.nrel.gov/Ici/)

From Davis & Diegel (2007), p. B4,
table B.4

Energy unit conversion from
Davis & Diegel (2007), p. B6, table B-6, and
p. B-8, table B.10

From Odum (1996), p. 308, table C.2
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Table A.14. Continued.

13 Biomass (assumed as bark residues)

Input 358.8275 kg/kft? From U. S. Life Cycle Inventory Database
(http://www.nrel.gov/Ici/)

(input kg/kft*)/ 1000 0.3588 kg/ft*

1 ftz equivalent 0.0929 m?

(input kg/ft?) / (m2 equivalent) 3.8623 kg/m?

HHV 20.42 MJ/kg From Goel (2006), p. A4-2

(input kg/m?) x (HHV J/kg) 78.86 MJ

Joule equivalent 7.89 E+07 J

Emergy per unit input 3.49 E+04 sel/J Assumed same as wood biomass (Odum,

(baseline 9.44 E+24 sel/y) 1996, p. 194, table 10.4)

Emergy per unit input 5.86 E+05 sel/J

(baseline 15.83 E+24 sel/y)




Appendix A: Footnotes to Emergy evaluation tables of selected building materials 339

Table A.15.Footnotes to Table 6.15: Emergy evaluation of Thermoformed EPS (without services).

1 Air
Input 86.00 g From Boustead (1999)
Emergy per unit input 6.64 E+05 From Wang et al. (2006), p. 64, table 2
(baseline 9.44 E+24 sel/y) sel/g
Emergy per unit input 1.12 E+06
(baseline 15.83 E+24 sel/y) sel/g
2 Bauxite
Input 1.20¢g From Boustead (1999)
Emergy per unit input 8.55 E+08 From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y) sel/g
Emergy per unit input 1.44 E+09
(baseline 15.83 E+24 sel/y) sel/g
3 Bentonite
Input 0.18¢g From Boustead (1999)
Emergy per unit input 1.00 E+09 Assumed same as minerals, from Odum (1996),
(baseline 9.44 E+24 sel/y) sel/g p. 44, table 3.3
Emergy per unit input 1.68 E+09
(baseline 15.83 E+24 sel/y) sel/g
4 Calcium sulphate
Input 0.018¢g From Boustead (1999)
Emergy per unit input 1.00 E+09 selJ/g  Assumed same as minerals, from Odum (1996),
(baseline 9.44 E+24 sel/y) p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
5 Clay
Input 380¢g From Boustead (1999)
Emergy per unit input 2.00E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 3.36E+09 sel/g
(baseline 15.83 E+24 sel/y)
5 Clay
Input 380¢g From Boustead (1999)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

2.00E+09 sel/g

3.36E+09 sel/g

From Odum (1996), p. 310, table C.4
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Table A.15. Continued.

6 Dolomite
Input 0.014¢g From Boustead (1999)
Emergy per unit input 1.00 E+09 seJ/g  Assumed same as limestone, from Odum (1996),
(baseline 9.44 E+24 sel/y) p. 310, table C.4
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
7 Ferromanganese
Input 0.001g From Boustead (1999)
Emergy per unit input 1.00 E+09 selJ/g  Assumed same as minerals, from Odum (1996),
(baseline 9.44 E+24 sel/y) p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
8 Fluorspar
Input 0.013g From Boustead (1999)
Emergy per unit input 1.00 E+09 seJ/g  Assumed same as minerals, from Odum (1996),
(baseline 9.44 E+24 sel/y) p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
9 Gravel
Input 0.004 g From Boustead (1999)
Emergy per unit input 2.24 E+09 seJ/g  From Campbell ef a/. (2005), p. B-2, table B1.1
(baseline 15.83 E+24 sel/y)
10 Iron
Input 1.20¢g From Boustead (1999)
Emergy per unit input 2.65 E+09 seJ/g  From Bjorklund ef a/. (2001), p. 299, table 1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 4.45 E+09 sel/g
(baseline 15.83 E+24 sel/y)
11 Lead
Input 0.004 g From Boustead (1999)

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.00 E+09 sel/g

1.68 E+09 sel/g

From Wang et a/. (2006), p. 64, table 2
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12 Limestone
Input 3.10¢g From Boustead (1999)
Emergy per unit input 1.00 E+09 seJ/g  From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
13 Nitrogen
Input 32.00g From Boustead (1999)
Emergy per unit input 419 E+09selJ/g  From Odum (1996), p. 68, table 4.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 7.04 E+09 sel/g
(baseline 15.83 E+24 sel/y)
14 Olivine
Input 0.01l1g From Boustead (1999)
Emergy per unit input 1.00 E+09 seJ/g  Assumed same as minerals, from Odum (1996),
(baseline 9.44 E+24 sel/y) p. 44, table 3.3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
15 Oxygen
Input 0.07 g From Boustead (1999)
Emergy per unit input 5.16 E+07 seJ/g  From Brown & Ulgiati (2002), p. 327, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.67 E+07 sel/g
(baseline 15.83 E+24 sel/y)
16 Phosphate
Input 0.001g From Boustead (1999)
Emergy per unit input 3.90 E+09 selJ/g  From Odum (1996), p. 124, table 7.7
(baseline 9.44 E+24 sel/y)
Emergy per unit input 6.55 E+09 sel/g
(baseline 15.83 E+24 sel/y)
17 Potassium chloride

Input

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

0.003 g
1.10 E+09 sel/g

1.85 E+09 sel/g

From Boustead (1999)
From Odum (1996), p. 310
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Table A.15. Continued.

18 Sand
Input 0.13¢g From Boustead (1999)
Emergy per unit input 2.24 E+09 seJ/g  From Campbell ef a/. (2005), p. B-2, table B1.1
(baseline 15.83 E+24 sel/y)
19 Shale
Input 0.049 ¢ From Boustead (1999)
Emergy per unit input 1.00 E+09 seJ/g  From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
20 Sodium chloride
Input 21.00g From Boustead (1999)
Emergy per unit input 3.80 E+08 seJ/g  Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)
21 Sulphur (bonded)
Input 0.049¢g From Boustead (1999)
Emergy per unit input 3.80 E+08 seJ/g  Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)
22 Sulphur (elemental)
Input 0.13g From Boustead (1999)
Emergy per unit input 3.80 E+08 seJ/g  Assumed same as chemicals,
(baseline 9.44 E+24 sel/y) from Buranakarn (1998), p. 140, table A-1
Emergy per unit input 6.38 E+08 sel/g
(baseline 15.83 E+24 sel/y)
23 Water (industry)

Input

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

194000.00 g
6.64 E+05 sel/g

1.12 E+06 sel/g

From Boustead (1999)
From Wang et a/.(2006), p. 64, table 2
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24 Water (potable)
Input 8600.00 g From Boustead (1999)
Emergy per unit input 474 E+07 selJ/g  From Castellini ef a/. (2006), p. 346, table 3
(baseline 9.44 E+24 sel/y)
Emergy per unit input 7.96 E+07 sel/g
(baseline 15.83 E+24 sel/y)
25 Electricity
Input 15.70 MJ From Boustead (1999)
Joule equivalent 1.57 E+07 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
26 Qil fuels
Input 36.95 MJ From Boustead (1999)
Joule equivalent 3.69 E+07 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
27 Other fuels (mostly natural gas)

Input
Joule equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

50.51 MJ
5.05 E+07 J
4.80 E+04 sel/J

8.06 E+05 sel/J

From Boustead (1999)

Assumed as natural gas, from Odum (1996), p.
308, table C.2
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Table A.16.Footnotes to Table 6.16: Emergy evaluation of Alumina (without services).

1 Bauxite
Input 1928.00 kg From 1Al (2000)
Gram equivalent 1.93E+06 g
Emergy per unit input 8.55 E+08 sel/g From Odum. (1996), p.187, table 10.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.44 E+09 sel/g
(baseline 15.83 E+24 sel/y)
2 Caustic soda
Input 75.00 kg From Al (2000)
Gram equivalent 7.50E+04 g
Emergy per unit input 1.00 E+Q9 sel/g Assumed same as general minerals
(baseline 9.44 E+24 sel/y) from Odum et a/. (2000), p. 10, table 3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Lime
Input 48.00 kg From Al (2000)
Gram equivalent 480 E+04 g
Emergy per unit input 1.00 E+09 sel/g From Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
4 Water (industry)

Input

Density

Kg equivalent
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

3.32m?

1000 kg/m?
3320.00 kg
3.32E+06 g
6.64 E+05 sel/g

1.12 E+06 sel/g

From IAI (2000)

From Wang et a/. (2006), p. 64, table 2
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5 Sea water
Input 3.37md From Al (2000)
Average density of sea water 1027 kg/m?
(input m?) x (avg. density sea wa-  3460.99 kg
ter kg/md)
Gram equivalent 346 E+06 g
Emergy per unit input 1.08 E+05 sel/g Assumed same as global water streams, from
(baseline 9.44 E+24 sel/y) Buenfil (2001), p. 23, table D-1
Emergy per unit input 1.81 E+05 sel/g
(baseline 15.83 E+24 sel/y)
6 Electricity
Input 1013.83 MJ From Al (2000)
Joule equivalent 1.01 E+09J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
7 Fuel oil
Input 5855.62 MJ From 1Al (2000)
Joule equivalent 5.86 E+09 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 sel/J
(baseline 15.83 E+24 sel/y)
8 Natural gas
Input 5943.12 MJ From Al (2000)
Joule equivalent 5.94 E+09 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.08+04 sel/J
(baseline 15.83 E+24 sel/y)
9 Diesel
Input 60.17 MJ From Al (2000)
Joule equivalent 6.02 E+07 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 sel/J

1.11 E+05 sel/J

From Bastianoni ef a/. (2001), p. 368,table 2
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Table A.16. Continued.

10 Coal
Input 2811.08 MJ From IAl (2000)
Joule equivalent 2.81 E+09 J
Emergy per unit input 4.40 E+04 sel/J Odum (1996), p. 310, table C.4
(baseline 9.44 E+24 sel/y)
Emergy per unit input 7.93 E+04 seJ/J

(baseline 15.83 E+24 sel/y)
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1 Coke
Input 852.00 kg From 1Al (2000)
Gram equivalent 8.25E+05 g
Emergy per unit input 2.05 E+09 sel/g From Brandt-Williams (1999),
(baseline 9.44 E+24 sel/y) p. 236, table F.4
Emergy per unit input 3.44 E+Q09 sel/g
(baseline 15.83 E+24 sel/y)
2 Pitch
Input 235.00 kg From Al (2000)
Gram equivalent 235E+05¢g
Emergy per unit input 1.00 E+09 sel/g Assumed same as coal,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 310, table C.4
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Water (industry)
Input 1.13me From IAl (2000)
Density 1000 kg/m?
Kg equivalent 1130.00 kg
Gram equivalent 1.13E+06 g
Emergy per unit input 6.64 E+05 sel/g From Wang et a/. (2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)
4 Electricity
Input 1126.15 MJ From 1Al (2000)
Joule equivalent 1.13E+09J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
5 Fuel oil
Input 699.06 MJ From 1Al (2000)
Joule equivalent 6.99 E+08 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 sel/J

1.11 E+05 seJ/J

From Odum (1996), p. 308, table C.2
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Table A.17. Continued.

6 Natural gas
Input 1903.24 MJ From Al (2000)
Joule equivalent 1.90 E+09 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.09+04 sel/J
(baseline 15.83 E+24 sel/y)
7 Diesel
Input 182.95 MJ From IAl (2000)
Joule equivalent 1.82 E+08 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 sel/J

1.11 E+05 sel/J

From Bastianoni ef a/. (2001), p. 368, table 2
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Table A.18.Footnotes to Table 6.18: Emergy evaluation of Aluminium primary metal (without services).

1 Alumina
Input 1928.00 kg From 1Al (2000)
Gram equivalent 1.93E+06 g
Emergy per unit input 462 E+09 sel/g From this study, table 6.16
(baseline 15.83 E+24 sel/y)
2 Anode carbon
Input 443.00 kg From 1Al (2000)
Gram equivalent 443 E+05¢g
Emergy per unit input 3.92 E+09 sel/g From this study, table 6.15
(baseline 15.83 E+24 sel/y)
3 Water (industry)
Input 2.95m? From IAl (2000)
Density 1000 kg/m?
Kg equivalent 2950.00 kg
Gram equivalent 295E+06 g
Emergy per unit input 6.64 E+05 sel/g From Wang et al. (2006), p. 64, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.12 E+06 sel/g
(baseline 15.83 E+24 sel/y)
4 Sea water
Input 20.80 m? From IAl (2000)
Average density of sea water 1027 kg/m?
(input m®) x (avg. density sea wa-  21,361.60 kg
ter kg/md)
Gram equivalent 2.14E+07 g

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1.08 E+05 sel/g

1.81 E+05 sel/g

Assumed same as global water streams, from

Buenfil (2001), p. 23, table D-1
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Table A.18. Continued.

5 Electricity
Input 116,762.57 MJ From Al (2000)
Joule equivalent 1.17 E+11J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
7 Fuel ol
Input 699.06 MJ From IAl (2000)
Joule equivalent 6.99 E+08 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
8 Natural gas
Input 1903.24 MJ From 1Al (2000)
Joule equivalent 1.90 E+09 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.10+04 selJ/J
(baseline 15.83 E+24 sel/y)
9 Diesel
Input 154.59 MJ From IAl (2000)
Joule equivalent 1.55 E+08 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 seJ/J

1.11 E+05 sel/J

From Bastianoni ef a/. (2001), p. 368, table 2
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Table A.19.Footnotes to Table 6.19: Emergy evaluation of Aluminium primary ingot (without services).

1

Primary aluminium

Input
Gram equivalent

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1000.00 kg
1.00 E+06 g
4.50 E+10 sel/g

From 1Al (2000)

From this study Table 6.18

2 Alloying additives
Input 17.00 kg From 1Al (2000)
Gram equivalent 1.70E+04 g
Emergy per unit input 1.00 E+Q9 sel/g Assumed same as general minerals
(baseline 9.44 E+24 sel/y) from Odum et a/. (2000), p. 10, table 3
Emergy per unit input 1.68 E+09 sel/g
(baseline 15.83 E+24 sel/y)
3 Electricity
Input 1545.01 MJ From Al (2000)
Joule equivalent 1.55 E+09 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)
4 Fuel oil
Input 859.56 MJ From 1Al (2000)
Joule equivalent 8.60 E+08 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 sel/J
(baseline 15.83 E+24 sel/y)
5 Natural gas
Input 2373.97 MJ From 1Al (2000)
Joule equivalent 2.37 E+09 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

4.80 E+04 seJ/J

8.11+04 sel/J

From Odum (1996), p. 308, table C.2
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Table A.19. Continued.

6 Diesel
Input 8.00 MJ From 1Al (2000)
Joule equivalent 8.00 E+06 J
Emergy per unit input 6.60 E+04 sel/J From Bastianoni ef a/. (2001), p. 368, table 2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 sed/J

(baseline 15.83 E+24 sel/y)

7 Gasoline
Input 3.21MJ From Al (2000)
Joule equivalent 3.21 E+06J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 sel/J

(baseline 15.83 E+24 sel/y)

8 Propane
Input 22.98 MJ From 1Al (2000)
Joule equivalent 2.30 E+07 J
Emergy per unit input 4.80 E+04 sel/J Assumed same as natural gas,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2
Emergy per unit input 8.12+04 sel/J

(baseline 15.83 E+24 sel/y)
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Table A.20.Footnotes to Table 6.20: Emergy evaluation of Aluminium extruded profiles (without services).

1

Primary aluminium ingot

Input
Gram equivalent

Emergy per unit input
(baseline 15.83 E+24 sel/y)

1444.00 kg
1.44 E+06 g
4.58 E+10 sel/g

From 1Al (2000)

From this study Table 6.19

2 Electricity
Input 8000.92 MJ From Al (2000)
Joule equivalent 8.00 E+09 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
3 Fuel oil
Input 205.77 MJ From Al (2000)
Joule equivalent 2.06 E+08 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 seJ/J
(baseline 15.83 E+24 sel/y)
4 Natural gas
Input 2682.09 MJ From 1Al (2000)
Joule equivalent 2.68 E+09 J
Emergy per unit input 4.80 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 8.13+04 sel/J
(baseline 15.83 E+24 sel/y)
5 Diesel
Input 6.31 MJ From 1Al (2000)
Joule equivalent 6.31 E+06 J

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

6.60 E+04 seJ/J

1.11 E+05 sel/J

From Bastianoni ef a/. (2001), p. 368, table 2
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Table A.20. Continued.

6 Gasoline
Input 0.62 MJ From 1Al (2000)
Joule equivalent 6.20 E+05 J
Emergy per unit input 6.60 E+04 sel/J From Odum (1996), p. 308, table C.2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.11 E+05 seJ/J

(baseline 15.83 E+24 sel/y)

7 Propane
Input 41.92 MJ From 1Al (2000)
Joule equivalent 4,19 E+07 J
Emergy per unit input 4.80 E+04 sel/J Assumed same as natural gas,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2
Emergy per unit input 8.14+04 sel/J

(baseline 15.83 E+24 sel/y)
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Table A.21.Footnotes to Table 6.21: Emergy evaluation of solid wood flooring (without services).

1 Wood lumber
Input 7.40 kg From Jonsson et al. (1997), p. 252, table 4
Gram equivalent 7.40E+03 g
Emergy per unit input 8.33 E+08 sel/g From Buranakarn (1998), p. 143, table A-2
(baseline 9.44 E+24 sel/y)
Emergy per unit input 1.40 E+09 sel/g
(baseline 15.83 E+24 sel/y)

2 Electricity
Input 8.37 MJ From Jonsson et a/. (1997), p. 252, table 4
Joule equivalent 8.37 E+06 J
Emergy per unit input 1.74 E+05 sel/J From Odum (1996), p. 305, table C.1
(baseline 9.44 E+24 sel/y)
Emergy per unit input 2.92 E+05 sel/J
(baseline 15.83 E+24 sel/y)

3 Fossil fuels
Input 5.39 MJ From Jonsson et al. (1997), p. 252, table 4
Joule equivalent 5.39 E+06 J
Emergy per unit input 6.60 E+04 sel/J Assumed same as fuel ails,
(baseline 9.44 E+24 sel/y) from Odum (1996), p. 308, table C.2
Emergy per unit input 1.11 E+05 seJ/J
(baseline 15.83 E+24 sel/y)

4 Renewable fuels

(wood biomass)

Input
Joule equivalent

Emergy per unit input
(baseline 9.44 E+24 sel/y)

Emergy per unit input
(baseline 15.83 E+24 sel/y)

35.40 MJ
3.54 E+07 J
3.94 E+04 sel/J

5.86+04 sel/J

From Jonsson et al. (1997), p. 252, table 4

From Odum (1996), p. 194, table 10.4
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Table B.1.  Density of selected building materials.

Material Mass Unit Reference sources
Aluminium (hinged frame) 2.300 kg/m Source: Technal
Aluminium (sliding frame) 2.600 kg/m Source: Technal
Asphalt sheet (4 mm thickness) 4.000 kg/m? Danosa (1999)

4.000  kg/unit
695.000  kg/m’

5.300  kg/unit
662.000 kg/m?

8.000  kg/unit
626.000  kg/m’

Ceramic hollow brick (110 mm thickness) Preceram (2008)

Ceramic hollow brick (150 mm thickness) Preceram (2008)

Ceramic hollow brick (200 mm thickness) Preceram (2008)

Ceramic tiles (6 mm thickness) 13.000 kg/m?  Average from Cinca (2004)
Concrete 2400.000 kg/m? Mehta & Monteiro (2006)
Granite (Stone) 2667.000  kg/me  fverage density from Zhang
(2005)
. . . From this study using average
Granite (Tiles 1.8 mm thickness) 48.006 kg/m? density for Granite stone
) ! . From this study using average
Granite (Tiles 3 mm thickness) 80.010 kg/m? density for Granite stone
Glass (float) 2500.000 kg/m? Krause (2005)
. From this study using average
Glass (6 mm thickness) 15.000 kg/m? density for glass
. From this study using average
Glass (8 mm thickness) 20.000 kg/m? density for glass
Gravel 1500.000 kg/m3 Mehta & Monteiro (2006)
Gypsum cardboard (13 mm thickness) 10.200 kg/m? Iberplaco (2004)
Gypsum cardboard (Waterproof 13 mm
thickness) 11.000 kg/m? Iberplaco (2004)
Marble (Stone) 2750.000  kg/m?>  Zhang (2005)
. . From this study using average
Marble (Tiles 20 mm thickness) 55.000 kg/m? density for Marble stone
Mortar 1950.000 Kg/m®*  Ciarga (2008)
Mortar (rendering) 1750.000 Kg/m®  Ciarga (2008)
Oriented Strand Board (OSB) panel 550.000 kg/m?3 Porteous & Kermani (2007)
0SB panel (0.95 mm thickness) 5225  kg/me [ rom this study using density
for OSB
0SB panel (19 mm thickness) 10.450  kg/m? From this study using density
for OSB
0SB panel (25 mm thickness) 16250  kg/me om this study using average

density for OSB
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Table B.1. - Continued.

Material Mass Unit Reference

. _— 1.360 kg/| )
Paint for plaster (finishing) 0548 kg/m? Robbialac (2008)

) . 1.020 kg/| )
Paint for plaster (primary) 0120 ke/m? Robbialac (2008)

. 1.210 kg/| .
Paint for steel 0.900 kg/m? Robbialac (2008b)
Plaster 1000.000 Kg/m®  Ciarga (2008)
Plywood 450.000 kg/m3 Porteous & Kermani (2007)

. From this study using density
Plywood (15 mm thickness) 6.900 kg/m? for Plywood
Polystyrene (EPS) 20.000 Kg/m*®  Robbialac (2008c)
Polystyrene (XPS - flooring) 25.000 Kg/m®  Dow (1994)
Polystyrene (XPS - roofing) 35.000 Kg/m*  Dow (1994)
Steel (Round bar 6 mm thickness) 0.222 Kg/m JSC (2004)
Steel (Round bar 10 mm thickness) 0.617 Kg/m JSC (2004)
Steel (Round bar 12 mm thickness) 0.888 Kg/m JSC (2004)
Steel (Round bar 16 mm thickness) 1.578 Kg/m JSC (2004)
Steel (Galvanized rail R48) 0.457 Kg/m Iberplaco (2004)
Steel (Galvanized rail M46) 0.444 Kg/m Iberplaco (2004)
Steel (HEB 200 section) 61,300.00 Kg/m Farinha & Reis (1993)
Steel (IPN 140 section) 14,400.00 Kg/m Farinha & Reis (1993)
Steel (Stainless plate 1 mm thickness) 7.900 kg/m?  JSC (2004)
Steel (Galvanized plate 1 mm thickness) 7.850 kg/m2  JSC (2004)
Steel (Galvanized corrugated plate 0.75 mm o
thickness) 7.060 kg/m? Haironville (2007)
. 1.060 kg/| .
Varnish 0.420 kg/m? Robbialac (2008a)
Wood (Ipe) 920.000  kg/m®  USDA (1999)
. Average density from

Wood (Pine) 600.000 kg/m3 Carvalho (1997)
Wood (Oak) 760.000  kg/m®  USDA (1999)
Wood floor (Oak 30 mm thickness) 22800  Kg/me 1O this study using density
Wood plastic composites Converted from Klyosov
(Geodeck Traditional) 19640 ke/m*  5007)
Zinc (Sheet 1 mm thickness) 7.200 kg/m? Rheinzink (1988)
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Table C.1. List of Specific Emergy values for selected materials.
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Specific Emergy (sej/g)

ltem Baseline Baseline Reference sources
9.44 E+24 5.83 E+24
sej/year sej/year
Bauxite 8.55 E+09 1.44 E+09 Odum (1996). P. 187
Blast furnace slag (wo/s) 6.61 E+09 1.11 E+10 Buranakarn (1998). P. 142, table A-2
Cement rock 1.00 E+09 1.68 E+09 Assumed same as limestone
Clay 2.00 E+09 3.36 E+09 Odum (1996), p. 310, table C.4
Coal 1.00 E+09 1.68 E+09 Odum (1996), p. 310, table C.4
Brandt-Williams (1999), p. 236,
Coke 2.05 E+09 3.44 E+09 table F .4
Feldspars 5.00 E+08 8.40 E+08 Assumed same as granitic rocks
Foundry sand 2.24 E+09 Assume same as sand
Frit (glazing) 1.00 E+O9 1.68 E+09
Granite 5.00 E+08 8.40 E+08 Odum (1996), p. 44, table 3.3
Gravel 2 24 E409 (BE?nIpbell et al. (2005), p. B-2, table
Gypsum 1.00 E+09 1.68 E+09 Brown & McClanahan (1996), p. 114,
table 1

Iron ore (wo/s) 1.22 E+09 2.05 E+09 Buranakarn (1998), p. 142, table A-2
Lime 1.00 E+09 1,68 E+09 Odum (1996), p. 310, table C.4
Limestone 1.00 E+09 1,68 E+09 Odum (1996), p. 310, table C.4
Metamorphic rocks 1.45 E+09 2.44 E+09 Odum (1996), p. 44, table 3.3
Minerals (general) 1.00 E+09 1,68 E+09 Odum (1996), p. 44, table 3.3
Pitch 1.00 E+09 1.68 E+09 Assumed same as coal
Sand 5 24 E+09 g?rrllpbell et al (2005), p. B-2, table
Shale 1.00 E+09 1,68 E+09 Odum (1996, p. 310, table C.4
Siliceous sand 5 24 E+09 g?r?pbell et al (2005), p. B-2, table
Slate 1.45 E+Q9 2.44 E+Q9 Assumed same as metamorphic rocks
Water (industry) 6.64 E+05 1.12 E+06 Wang et al. (2006), p. 64, table 2
Water (rivers and streams) 3.23 E+05 5.43 E+05 Buenfil (2001), p. 223, table D-1
Water (potable) 4,74 E+06 7.96 E+07 Castellini ef a/ (2006), p. 346, table 3
Zinc 6.80 E+10 1.14 E+11 Brown et al. (1992) table Al.
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Specific Emergy (sej/g)

ltem Baseline Baseline Reference sources
9.44 E+24 5.83 E+24
sej/year sej/year

Aggregates 2.00 E+09 3.36 E+09 Odum (1996), p. 310, table C.4
Alumina (wo/s) 4.62 E+09 From this study (table 6.16)
QA'I%TS‘;”“”“ primary metal 450 E+10  From this study (table 6.18)
Aluminium primary ingot (wo/s) 458 E+10 From this study (table 6.19)
Aluminium extruded profiles 6.85 E+10  From this study (table 6.20)
(wo/s)
Anode carbon (wo/s) 3.91 E+09 From this study (table 6.17)
Asphalt 4,74 E+08 7.69 E+08 Bjorklund et a/. (2001), p. 299, table 1
Asphalt sheet 4.74 E+08 7.69 E+08 Assumed same as asphalt
Bark 4.04 E+08 6.79 E+08 Assumed same as harvested logs
Bottom ash 8.30 E+08 1.39 E+09 Assumed same as fly ash
Ceramic brick 2.52 E+09 423 E+09 Bjorklund et a/. (2001), p. 299, table 1
Ceramic hollow brick 2.52 E+09 423 E+09 Assumed as ceramic brick
Ceramic tiles (wo/s) 3.32 E+09 From this study (table 6.3)
Chemicals (general) 3.80 E+08 6.38 E+08 Buranakarn (1998), p. 140, table A-1
Concrete C20/25 (wo/s) 3.40 E+09 From this study (table 6.9)
Fiberglass 3.00 E+09 5.04 E+09 Ulgiati & Brown (2002), p. 341, table 1
Flat glass 4,74 E+09 7.96 E+09 Buranakarn (1998), p. 140, table A-1
Fly ash 8.30 E+08 1.39 E+09 Wang et a/. (2006), p. 64, table 2
Foaming agent 3.80 E+08 6.38 E+08 Assumed same as chemicals
Glue (wo/s) 3.80 E+08 6.38 E+08 Buranakarn (1998), p. 140, table A-1
Granite tiles (wo/s) 4.21 E+09  From this study (table 6.2)
Marble tiles 1.21 E+10 From this study (table 6.1)
MDIA Resin 3.80 E+08 6.38 E+08 Assumed same as chemicals
Modified starch 6.38 E+08 Assumed same as glue
Mortar (wo/s) 2.51 E+09 From this study (table 6.10)
Mortar (rendering) (wo/s) 2.30 E+09 From this study (table 6.11)
0SB Panel (wo/s) 1.92 E+09 From this study (table 6.14)
Paint 1.85 E+09 3.11 E+09 Brown & Ulgiati (2002), p. 327, table 2
Paint (finished) 3.35 E+09 From this study (table 6.13)
Paper (J) 3.61 E+05 Pulselli et al. (2006), p. 6, table 2
Phenol formaldehyde resin 3.80 E+08 6.38 E+08 Assumed same as chemicals
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Table C.2. Continued.

Specific Emergy (sej/g)

ltem Baseline Baseline Reference sources
9.44 E+24 5.83 E+24
sej/year sej/year
Pig iron (wo/s) 1.99 E+09 3.34 E+09 Buranakarn (1998), p. 142, table A-2
Plaster (wo/s) 1.64 E+09 From this study (table 6.12)
Plasterboard (wo/s) 2.43 E+09 From this study (table 6.6)
Plasterboard (stucco) (wo/s) 2.18 E+09 From this study (table 6.4)
Plasterboard (facing paper) 7.57 E+09  From this study (table 6.5)
(wo/s)
Plasterboard (finished) (wo/s) 2.41 E+09 From this study (table 6.7)
Plastics (wo/s) 5.76 E+09 9.68 E+09 Buranakarn (1998), p. 143, table A-2
Plywood (wo/s) 1.63 E+09 2.74 E+09 Buranakarn (1998), p. 140, table A-1
Rock wool 1.84 E+09 3.09 E+09 Bjorklund et al. (2001), p. 299, table 1
Portland cement (wo/s) 3.53 E+09 From this study (table 6.8)
Slack wax 3.80 E+08 6.38 E+08 Assumed same as chemicals
Steel (Primary wo/s) 369E+09 620 E+09 LoEEl & Ulgati (2003), p. 192, table
Steel (Secondary wo/s) 6.04 E+08 1.01 E+09 Eargigli & Ulgiati (2003), p. 152, table
Steel (Mix wo/s) 316E+09 531 E+09 poreel & Ulgiatl (2003), p. 152, table
Thermoformed Polystyrene .
(EPS) (wo/s) 1.39 E+10 From this study (table 6.15)
Thermoformed Polystyrene
(XPS) (Wo/s) 1.39 E+10 Assumed same as thermoformed XPS
Varnish 3.11 E+09 Assumed same as paint
Bastianoni et a/. (2001),
Wood logs (harvested) 4.04 E+08 6.79 E+08 . 368 table 2
Wood lumbers (wo/s) 8.33 E+08 1.40 E+09 Buranakarn (1998), p. 143, table A-2

Wood plastic composites (wo/s) 5.61 E+09 9.42 E+09 Buranakarn (1998), p. 143, table A-2
Wood solid flooring (wo/s) 2.09 E+09 From this study (table 6.21)
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Table C.3. List of Solar Transformities for selected energy and fuels.

Solar Transformity (sej/J)

ltem Baseline Baseline Reference sources
9.44 E+24 5.83 E+24
sej/year sej/year
Biomass 3.49 E+04 5.68 E+04 Assumed same as wood biomass
Coal 4.40 E+04 6.72 E+04  Odum (1996), p. 310, table C.4
Diesel 6.60 E+04 1.11 E+05 gastianoni etal (2001), p. 368, table
Distillate fuel oil 1.11 E+05 Assumed same as oil fuels
Electricity 1.74 E+05 2.92 E+05 Odum (1996), P. 305, table C.1
Gasoline 6.60 E+04 1.11 E+05 Odum (1996), p. 308, table C.2
Liquefied petroleum gas 7.00 E+04 1.18 E+05 Buranakarn (1998), p. 139, table A-1
Methane 8.06 E+04 Assumed same as natural gas
Middle distillates 6.60 E+04 1.11 E+05 Assumed same as oil fuels
Natural gas 4.80 E+04 8.06 E+04  Odum (1996), p. 308, table C.2
Qil fuels 6.60 E+04 1.11 E+05 Odum (1996), p. 308, table C.2
Petroleum coke 5.40 E+04 9.07 E+04 Caruso et al. (2001), p. 270, table 2
Residual oil 6.60 E+04 1.11 E+05 Assumed same as fuel oils
Thermal energy 6.60 E+04 1.11 E+05 Odum (1996), p. 308, table C.2

Wood biomass 3.49 E+04 5.68 E+04 Odum (1996), p. 194, table 10.4
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Table D.1.

Footnotes:

1

Ceramic hollow brick
(110 mm)

Footnotes to Table 7.6: Emergy analysis of wall W1 (without services).
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Input

Weight of ceramic bricks

(input units)*(4 kg/unit0,001 m3)

Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

16 units

4 kg/unit

64.00 kg

6.40 E+04 g
2.52 E+09 sej/g

4.23 E+09 sej/g

From Manso et al. (2005),
p. 207, table IC-462

From Preceram (2008)

From Bjorklund ef a/. (2001), p. 299, table

1

2 Mortar (masonry)
Input 0.016 m® From Manso et al. (2005),
p. 207, table 1C-462
Density 1950.00 kg/m? Ciarga (2008)
(input m®) x (density kg/m?) 31.20 kg
Gram equivalent 3.12E+04 g
Emergy per unit input 2.51 E+09 sej/g From this study, table 8.10
(baseline 15.83 E+24 sej/y)
3 Rendering mortar
Input 0.040 m? From Manso et al. (2005),
p. 207, table IC-462
Density 1750.00 kg/m?® Ciarga (2008)
(input m?) x (density kg/m?3) 70.00 kg
Gram equivalent 7.00E+04 g
Emergy per unit input 2.30 E+09 sej/g From this study, table 8.11
(baseline 15.83 E+24 sej/y)
4 Finishing plaster

Input

Density
(input m?) x (density kg/m3)
Gram equivalent

Emergy per unit input
(baseline 15.83 E+24 sej/y)

0.010 m?

1000.00 kg/m?
10.00 kg
1.00E+04 g
1.64 E+09 sej/g

From Manso et al. (2005),
p. 207, table 1C-462

Ciarga (2008)

From this study, table 8.12
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Table D.1. — Continued.

5 Paint (finishing)
Input 0.40 | From Manso et a/. (2005),
p. 722, table IC-1568
Density 1.37 kg/I Robbialac (2008)
Mass (input x kg/m?) 0.548 kg
Gram equivalent 548 E+02 g
Emergy per unit input 1.85 E+09 sej/g From Brown & Ulgiati (2002),
(baseline 9.44 E+24 sej/y) p. 327, table 2
Emergy per unit input 3.11 E+09 sej/g
(baseline 15.83 E+24 sej/y)
8 Paint (primary)
Input 0.12 1 From Manso et a/. (2005),
p. 722, table IC-1568
Density 1.02 kg/I Robbialac (2008)
Mass (input x kg/m?) 0.12 kg
Gram equivalent 1.22E+02 g
Emergy per unit input 1.85 E+09 sej/g From Brown & Ulgiati (2002),
(baseline 9.44 E+24 sej/y) p. 327, table 2
Emergy per unit input 3.11 E+09 sej/g
(baseline 15.83 E+24 sej/y)
9 Water (potable) for paint

Input

Mass (input x 1000 kg/m3)
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

0.002 m?

2 kg
2g
4,74 E+07 sej/g

7.96 E+07 sej/g

From Manso et al. (2005),
p. 722, table IC-1568

From Castellini ef a/. (2006), p. 346, table 3
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Table D.2.

Footnotes:

1

Galvanized steel rail R48

Footnotes to Table 7.14: Emergy analysis of wall W2 (without services).

Input

Density

Mass (input x kg/m)
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

0.90m

0,457 kg/m
0.411 kg

411 E+02 g
3.16 E+09 sej/g

5.31 E+09 sej/g

From Iberplaco (2004)
From Iberplaco (2004)

From Bargigli & Ulgiati (2003), p. 152, table

4

2 Galvanized steel rail M46
Input 3.00m From Iberplaco (2004)
Density 0,444 kg/m From Iberplaco (2004)
Mass (input x kg/m) 1.332 kg
Gram equivalent 1.33E+03 g
Emergy per unit input 3.16 E+09 sej/g From Bargigli & Ulgiati (2003), p. 152, table
(baseline 9.44 E+24 sej/y) 4
Emergy per unit input 5.31 E+09 sej/g
(baseline 15.83 E+24 sej/y)

3 Rockwool
Input 0.042 m3 From this study
Density 40 kg/m®
Mass (input x kg/md) 1.680 kg
Gram equivalent 1.68 E+03 g
Emergy per unit input 1.84 E+09 sej/g From Bjorklund et a/. (2001),
(baseline 9.44 E+24 sej/y) p. 269, table 1
Emergy per unit input 3.09 E+09 sej/g
(baseline 15.83 E+24 sej/y)

4 Plasterboard
Input 2 m? From this study
Density 9.45 kg/m?
Mass (input x kg/m?) 18.90 kg
Gram equivalent 1.89E+04 g

Emergy per unit input
(baseline 15.83 E+24 sej/y)

2.43 E+09 sej/g

From this study, table 8.6
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Table D.2. — Continued.

5 Gypsum
Input 0.66 kg From lIberplaco (2004)
Gram equivalent 6.60 E+02 g
Emergy per unit input 1.00 E+09 sej/g From Brown & McClanahan (1996), p. 114,
(baseline 9.44 E+24 sej/y) table 1
Emergy per unit input 1.68 E+09 sej/g
(baseline 15.83 E+24 sej/y)
6 Water (potable) for gypsum
Input 0.33 kg From Iberplaco (2004)
Gram equivalent 3.30E+02 g
Emergy per unit input 4.74 E+07 sej/g From Castellini ef a/. (2006), p. 346, table 3
(baseline 9.44 E+24 sej/y)
Emergy per unit input 7.96 E+07 sej/g
(baseline 15.83 E+24 sej/y)
7 Paint (finishing)
Input 0.40 | From Manso et a/. (2005),
p. 722, table IC-1568
Density 1.37 kg/I Robbialac (2008)
Mass (input x kg/m?) 0.548 kg
Gram equivalent 548 E+02 g
Emergy per unit input 1.85 E+09 sej/g From Brown & Ulgiati (2002),
(baseline 9.44 E+24 sej/y) p. 327, table 2
Emergy per unit input 3.11 E+09 sej/g
(baseline 15.83 E+24 sej/y)
8 Paint (primary)

Input

Density
Mass (input x kg/m?)
Gram equivalent

Emergy per unit input
(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

0.121

1.02 kg/I

0.12 kg
1.22E+02 g
1.85 E+09 sej/g

3.11 E+09 sej/g

From Manso et al. (2005),
p. 722, table IC-1568

Robbialac (2008)

From Brown & Ulgiati (2002),
p. 327, table 2
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Table D.2. — Continued.

9 Water (potable) for paint
Input 0.002 m® From Manso et a/. (2005),
p. 722, table IC-1568
Mass (input x 1000 kg/m?) 2 kg
Gram equivalent 2E+03¢g

Emergy per unit input
(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

4,74 E+07 sej/g

7.96 E+07 sej/g

From Castellini ef a/. (2006), p. 346, table 3




374 Design for Deconstruction: Emergy Approach to Evaluate Deconstruction Effectiveness

Table D.3.  Footnotes to Table 7.22: Emergy analysis of wall W3 (without services).

Footnotes:
1 Wood frame (pine)
Input 0.290 m? From this study
Density 600.000 kg/m? Average density from Carvalho (1997)
Mass (input x kg/m?) 17.660 kg
Gram equivalent 177 E+04 g

Emergy per unit input

8.33 E+08 sej/g

From Buranakarn (1998), p. 143, table A-2

(baseline 9.44 E+24 sej/y)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

1.40 E+09 sej/g

2 Rockwool
Input 0.072 m? From this study
Density 40 kg/m?®
Mass (input x kg/m?) 2.89 kg

Gram equivalent 2.89E+03 g

Emergy per unit input 1.84 E+09 sej/g From Bjorklund ef a/ (2001), p. 299, table
(baseline 9.44 E+24 sej/y) 1

Emergy per unit input 3.09E+09 sej/g

(baseline 15.83 E+24 sej/y)

3 Plywood (15 mm thickness)
Input 2.00 m? From this study
Density 6.9 kg/m? From Porteous & Kermani (2007)
Mass (input x kg/m?) 13.80 kg
Gram equivalent 1.38E+04 g

Emergy per unit input
(baseline 9.44 E+24 sej/y)

1.63 E+09 sej/g From Buranakarn (1998), p. 140, table A-1

Emergy per unit input
(baseline 15.83 E+24 sej/y)

2.74 E+09 sej/g

4 Varnish
Input 041 From this study
Density 1.06 kg/I Robbialac (2008a)
Mass (input x kg/I) 0.420 kg
Gram equivalent 424 E+02 g

Emergy per unit input

1.85 E+09 sej/g

Assumed same as paint (Brown & Ulgiati,

(baseline 9.44 E+24 sej/y) 2002, p. 326, table 2)

Emergy per unit input
(baseline 15.83 E+24 sej/y)

3.11 E+09 sej/g




APPENDIX E
ALTERNATIVES TO RECOVERY SCENARIOS FOR WALLS W2 AND W3






Appendix E: Alternatives to recovery scenarios for walls W2 and W3

E.1 Alternative recovery scenarios for Wall W2

E.1.1 Alternative to end-ofife scenarios: ELS 2

Table E.1.  ELS 2: analysis of end-of-life scenarios of materials for 1 m? of wall W2.

377

End-of-life scenarios for materials mass

Note [tem
Reuse (g) Recycle (g) No recovery (g)
MO1 Galvanized steel frame 0 1691 52
MO02 Mineral wool 1562 0 118
MO3 Plasterboard 9477 10,530 1053
M04 Paint 0 0 670
Table E.2.  ELS 2: Emergy evaluation of best options for materials that will be substituted by recovered
materials of Wall W2 (without services).
Data Unit Solar
Note [tem Unit (units) Solar EMERGY EMERGY
(seJ/unit) (sed)
MO1 Galvanized steel frame
MSO01 Pig iron 1,69 E+03 3.34 E+09 5.65 E+12
MO02 Mineral wool
MS02 Mineral wool 1.56 E+03 3.09 E+09 4,83 E+12
MO03 Plasterboard
MS03.1  Plasterboard 9.47 E+03 2.43 E+09 2.30 E+13
MS03.2  Gypsum 2.00 E+04 1.68 E+09 1.77 E+13
M04 Paint
Not substitute 0 0

See Appendix C for references on Unit Solar Emergy sources.
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Table E.3.  ELS 2: application of Equations 1 and 2 to materials composing Wall W2.

Note [tem E?;&r;gy Replacements quzgéiJo)n 1
MO1  Galvanized steel frame 9.26 E+12 1 9.26 E+12
MO2  Mineral wool 5.19 E+12 1 519 E+12
MO3  Plasterboard 5.07 E+13 1 5.07 E+13
MO4  Paint 2.24 E+12 4 8.98 E+12
Equation 2: Total of Emergy of materials for Wall W2 TE+13

during Lifespan(seJ)

Table E.4.  ELS 2: application of Equations 3 and 4 to best options for materials that will be substituted
by recovered materials of Wall W2.

Emergy of

Note Mi Note MSi MSi Replacements Equation 3
(sed)
(sed)

MO1 Galvanized steel frame ~ MSO1 Pig iron 5.65 E+12 1 5.65 E+12
MO2 Mineral wool MS02 Mineral wool 483 E+12 1 483 E+12
MQ3 Plasterboard MS03.1 Plasterboard 2.30 E+13 1 2.30 E+13
MO3 Plasterboard MS03.2 Gypsum 1.77 E+13 1 1.77 E+13
MO4 Paint MSO04 None 0 4 0
Equation 4: Recovery Effectiveness of wall W2 (seJ) 5.12 E+13
Table E.5.  ELS 2: application of Equation 5 to Wall W2.

Recovery Effectiveness of W2 Emergy of W2 DE

(seJ) (sel)

5.12 E+13 7.41 E+13 0.69
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E.1.2 Alternative to end-ofiife scenarios: ELS 3

Table E.6.  ELS 3: analysis of end-of-life scenarios of materials for 1 m? of wall W2.
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End-of-life scenarios for materials mass

Note Item

Reuse (g) Recycle (g) No recovery (g)
M-01 Galvanized steel frame 0 1691 52
M-02 Mineral wool 1562 0 118
M-03 Plasterboard 0 0 21,060
M-04 Paint 0 0 670

Table E.7.  ELS 3: Emergy evaluation of best options for materials that will be substituted by recovered
materials of Wall W2 (without services).

Data Unit Solar
Note [tem Unit (units) Solar EMERGY EMERGY
(seJ/unit) (seJ)
M-01  Galvanized steel frame
MS-01  Pigiron g 1,69 E+03 3,34 E+09 5.65 E+12
M-02  Mineral wool
MS-02  Mineral wool g 1.56 E+03 3.09 E+09 483 E+12
M-03  Plasterboard
MS-03  Not substitute 0 0
M-04  Paint
Not substitute 0 0

See Appendix C for references on Unit Solar Emergy sources.

Table E.8.  ELS 3: application of Equations 1 and 2 to materials composing Wall W2.

Note [tem E?;:Jrigy Replacements Equs;[lUc))n 1

M-01 Galvanized steel frame 9.26 E+12 1 9.26 E+12
M-02  Mineral wool 5.19 E+12 1 5.19 E+12
M-03  Plasterboard 570 E+13 1 570 E+13
M-04  Paint 2.24 E+12 4 8.98 E+12
Equation 2: Total of Emergy of materials for Wall W2 741 E+13

during Lifespan(seJ)
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Table E.9.  ELS 3: application of Equations 3 and 4 to best options for materials that will be substituted

by recovered materials of Wall W2.

Emergy of

Note Mi Note MSi MSi Replacements EquatiJon 3
(seJ) (seJ)

MO1 Galvanized steel frame MSO1 Pig iron) 5.65 E+12 1 5.65 E+12

MO2 Mineral wool MSO02 Mineral wool 483 E+12 1 483 E+12

MO3 Plasterboard MS03 None 0 1 0

MO04 Paint MS04 None 0 4 0

Equation 4: Recovery Effectiveness of wall W2 (selJ) 1.05 E+13

Table E.10. ELS 3: application of Equation 5 to Wall W2.

Recovery Effectiveness of W2 Emergy of W2 DE
(ser) (sed)
1.05 E+13 7.41 E+13 0.14




Appendix E: Alternatives to recovery scenarios for walls W2 and W3

E.1.3 Alternative to end-ofiife scenarios: ELS 4
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Table E.11. ELS 4: analysis of end-of-life scenarios of materials for 1 m? of wall W2.

End-of-life scenarios for materials mass
Note Item

Reuse (g) Recycle (g) No recovery (g)

M-01 Galvanized steel frame 0 1691 52
M-02 Mineral wool 0 1562 118
M-03 Plasterboard 0 0 21,060
M-04 Paint 0 0 670

Table E.12. ELS 4: Emergy evaluation of best options for materials that will be substituted by recovered

materials of Wall W2 (without services).

Data Unit Solar
Note ltem Unit (units) Solar EMERGY EMERGY
(seJ/unit) (seJ)
M-01  Galvanized steel frame
MS-01  Pigiron g 1,69 E+03 3.34 E+09 5.65 E+12
M-02  Mineral wool
MS-02  Rock g 1.56 E+03 1.68 E+09 2.62 E+12
M-03  Plasterboard
MS-03  Gypsum g 0 0
M-04  Paint
Not substitute 0 0
See Appendix C for references on Unit Solar Emergy sources.
Table E.13. ELS 4: application of Equations 1 and 2 to materials composing Wall W2.
Emergy Equation 1
Note ltem (seJ) Replacements (se))
M-01  Galvanized steel frame 9.26 E+12 1 9.26 E+12
M-02  Mineral wool 5.19 E+12 1 5.19 E+12
M-03  Plasterboard 5.07 E+13 1 5.07 E+13
M-04  Paint 2.24 E+12 4 8.98 E+12
Equation 2: Total of Emergy of materials for Wall W2 741 E+13

during Lifespan(seJ)
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Table E.14. ELS 4: application of Equations 3 and 4 to best options for materials that will be substituted

by recovered materials of Wall W2.

Emergy of

Note Mi Note MSi MSi Replacements EquatiJon 3
(seJ) (seJ)

MO1 Galvanized steel frame MSO1 Pig iron 5.65 E+12 1 5.65 E+12

MO2 Mineral wool MSO02 Mineral wool 2.62 E+12 1 2.62 E+12

MO3 Plasterboard MS03 Gypsum 0 1 0

MO4 Paint MS04 None 0 4 0

Equation 4: Recovery Effectiveness of wall W2 (selJ) 8.27 E+12

Table E.15. ELS 4: application of Equation 5 to Wall W2.

Recovery Effectiveness of W2 Emergy of W2 DE
(seJ) (seJ)
8.27 E+12 7.41 E+13 0.11
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E.2 Alternative recovery scenarios for Wall C

E.2.1 Alternative fo end-oflife scenarios: ELS 2

Table E.16. ELS 2: analysis of end-of-life scenarios of 1 m? of wall W3.

End-of-life scenarios for materials mass

Note [tem

Reuse (g) Recycle (g) No recovery (g)
M-01 Wood frame (pine) 0 16,422 1236
M-02 Mineral wool 2687 0 202
M-03 Plywood (15 mm thickness) 0 12,834 966
M-04 Varnish 0 0 424

Table E.17. ELS 2: Emergy evaluation of best options for materials that will be substituted by recovered
materials of Wall W3 (without services).

Data Unit Solar

Note [tem Unit (units) Solar EMERGY EMERGY
(sed/unit) (sed)

M-01  Wood frame (pine)
MS-01  Wood logs g 1,64 E+04 6.79 E+08 1.12 E+13
M-02  Mineral wool
MS-02  Mineral wool g 2.68 E+03 3.09 E+09 8.30 E+12
M-03  Plywood
MS-03  Energy recovery J 1.93 E+08 1.85 E+04 3.56 E+12
M-04  Varnish

Not substitute 0 0
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Table E.18. ELS 2: application of Equations 1 and 2 to materials composing Wall W3.

Note [tem E?;&r;gy Replacements quz;’;iJo)n 1

M-01  Wood frame (pine) 2.47 E+13 1 2.47 E+13
M-02  Mineral wool 8.93 E+12 1 8.93 E+12
M-03  Plywood 3.78 E+13 4 1.51 E+14
M-04  Varnish 1.32 E+12 4 5.27 E+12
Equation 2: Total of Emergy of materials for Wall W3 1.90 E+14

during Lifespan(seJ)

Table E.19. ELS 2: application of Equations 3 and 4 to best options for materials that will be substituted
by recovered materials of Wall W3.

Emergy of

Note Mi Note MSi MSi Replacements EquatiJon 3
(sed) (seJ)

MO1 Wood frame (pine) MSO1 Wood logs 1.12 E+13 1 1.12 E+13

MO2 Mineral wool MS02 Mineral wool 8.30 E+12 1 8.30 E+12

MO3 Plywood MS03 Combustion 3.56 E+12 4 1.42 E+13

MO4 Varnish MS04 None 0 4 0

Equation 4: Recovery Effectiveness of wall W3 (seJ) 3.37 E+13

Table E.20. ELS 2: application of Equation 5 to Wall W3.

Recovery Effectiveness of W3 Emergy of W3

(seJ) (seJ) DE

3.37 E+13 1.90 E+14 0.18
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E.2.2 Alternative to end-ofiife scenarios: ELS 3

Table E.21. ELS 3: analysis of end-of-life scenarios of 1 m? of wall W3.

End-of-life scenarios for materials mass

Note [tem

Reuse (g) Recycle (g) No recovery (g)
M-01 Wood frame (pine) 0 16,422 1236
M-02 Mineral wool 2687 0 202
M-03 Plywood (15 mm thickness) 0 12,834 966
M-04 Varnish 0 0 424

Table E.22. ELS 3: Emergy evaluation of best options for materials that will be substituted by recovered
materials of Wall W3 (without services).

Data Unit Solar
Note ltem Unit (units) Solar EMERGY EMERGY
(sed/unit) (seJ)
M-01  Wood frame (pine)
MS-01  Energy recovery J 2,46 E+08 1.58 E+04 4,56 E+12
M-02  Mineral wool
MS-02  Mineral wool g 2.60 E+03 3.09 E+09 8.30 E+12
M-03  Plywood
MS-03  Energy recovery J 1.93 E+08 1.58 E+04 3.56 E+12
M-04  Varnish
Not substitute 0 0

See Appendix C for references on Unit Solar Emergy sources.
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Table E.23. ELS 3: application of Equations 1and 2 to materials composing Wall W3.
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Note [tem E?;éeJr;gy Replacements quzs;ij))n 1

M-01  Wood frame (pine) 2.47 E+13 1 2.47 E+13
M-02  Mineral wool 8.93 E+12 1 8.93 E+12
M-03  Plywood 3.78 E+13 4 1.51 E+14
M-04  Varnish 1.32 E+12 4 5.27 E+11
Equation 2: Total of Emergy of materials for Wall W3 190 E+14

during Lifespan(seJ)

Table E.24. ELS 3: Application of Equations 3 and 4 to best options for materials that will be substituted
by recovered materials of Wall W3.

Emergy of .
Note Mi Note MSi MSi Replacements Equation 3
(seJ)
(seJ)
MO1 Wood frame (pine) MSO1 Combustion 456 E+12 1 456 E+12
MO2 Mineral wool MS02 Mineral wool 8.30 E+12 1 8.30 E+12
MO3 Plywood MS03 Combustion 3.56 E+12 4 1.42 E+13
MO4 Varnish MS04 None 0 4 0
Equation 4: Recovery Effectiveness of wall W3 (selJ) 2.71 E+13

Table E.25. ELS 3: Application of Equation 5 to Wall W3.

Recovery Effectiveness of W3 Emergy of W3
(seJ) (sed)
2.71 E+13 1.90 E+14
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E.2.3 Alternative to end-ofiife scenarios: ELS 4

Table E.26. ELS 4: Analysis of end-of-life scenarios of 1 m? of wall W3.

End-of-life scenarios for materials mass

Note Item Reuse Recycle No recovery
(8) (g (8)
M-01 Wood frame (pine) 0 16,422 1236
M-02 Mineral wool 0 2687 202
M-03 Plywood (15 mm thickness) 0 0 13800
M-04 Varnish 0 0 424

Table E.27. ELS 4: Emergy evaluation of best options for materials that will be substituted by recovered
materials of Wall W3 (without services).

Data Unit Solar
Note [tem Unit (units) Solar EMERGY EMERGY
(seJ/unit) (sed)
M-01  Wood frame (pine)
MS-01  Energy recovery J 2.46 E+08 1.85 E+04 4,56 E+12
M-02  Mineral wool
MS-02  Minerals (rock) G 2.69 E+03 1.68 E+09 451 E+12
M-03  Plywood
Not substitute 0 0
M-04  Varnish
Not substitute 0 0

See Appendix C for references on Unit Solar Emergy sources.
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Table E.28. ELS 4: Application of Equations 1 and 2 to materials composing Wall W3.

Note [tem E?;&r;gy Replacements quz;’;iJo)n 1

M-01  Wood frame (pine) 2.47 E+13 1 2.47 E+13
M-02  Mineral wool 8.93 E+12 1 8.93 E+12
M-03  Plywood 3.78 E+13 4 1.51 E+14
M-04  Varnish 1.32 E+12 4 5.27 E+12
Equation 2: Total of Emergy of materials for Wall W3 1.90 E+14

during lifespan(seJ)

Table E.29. ELS 4: Application of Equations 3 and 4 to best options for materials that will be substituted

by recovered materials of Wall W3.

Emergy of

Note Mi Note MSi MSi Replacements Equatijm 3
(sed) (seJ)

MO1 Wood frame (pine) MSO01 Combustion 4.56 E+12 1 456 E+12

MO2 Mineral wool MS02 Minerals (rock) 451 E+12 1 451 E+12

MO3 Plywood MS03 None 0 4 0

MO4 Varnish MS04 None 0 4 0

Equation 4: Recovery Effectiveness of wall W3 (seJ) 9.07 E+12

Table E.30. ELS 4: Application of Equation 5 to Wall C.

Recovery Effectiveness of W3 Emergy of W3 DE
(se) (seJ)
9.07 E+12 1.90 E+14 0.05
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F.1 Building B1. drawings
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Figure F.1. Building B1: plan
(1) Terrace, 2) Balcony, 3) Living room, 4) Kitchen, 5) Bathroom, 6) Bedroom.
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Figure F.2. Building B1: 3D South view.
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l

Figure F.3. Building B1: South elevation.
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Figure F.4. Building B1: longitudinal sections.
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Figure F.5. Building B1: West elevation.

Figure F.6. Building B1: cross sections.
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F.2 Building B1. mass inventory

Table F.1. Building B1: mass inventory of materials.

Note [tem (Er?iﬁ) Unit ?SQI?[ISJ[)y Unit M(ag)ss
S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1 Concrete 10.78 m® 2400.00 kg/m® 2.59 E+07
MO01.2 Steel (round bar 12 mm thickness) 450.00 0.888 kg/m 4.00 E+05
S01-E02 Columns
MO2 Structural concrete
M02.1 Concrete 900.00 md 2400.00 kg/m® 2.16 E+06
M02.2 Steel (total) 3.19 E+05
MO02.2a  Steel (round bar 16 mm thickness) 140.00 1.578 kg/m 2.21 E+05
MO02.2b  Steel (round bar 12 mm thickness) 62.00 0.888 kg/m 5.51 E+04
MO02.2c  Steel (round bar 6 mm thickness) 196.00 0.222 kg/m 4.35 E+04
$02: STRUCTURAL FRAME
S$02-E01 Columns
MO3 Structural concrete
MO03.1 Concrete 174 md 2400.00 kg/m? 4.18 E+06
M03.2 Steel (total) 9.22 E+05
M03.2a Steel (round bar 16 mm thickness) 168.00 1.578 kg/m 2.65 E+05
MO03.2b  Steel (round bar 12 mm thickness) 666.49 0.888 kg/m 5.92 E+05
M03.2¢c Steel (round bar 6 mm thickness) 294.00 0.222  kg/m 6.53 E+04
S$02-E02 Beams ground floor
MO4 Structural concrete
MO04.1 Concrete 6.88 m? 2400.00 kg/m? 1.65 E+07
M04.2 Steel (total) 9.17 E+05
MO04.2a Steel (round bar 12 mm thickness) 666.49 0.888 kg/m 5.92 E+05
MO04.2b  Steel (round bar 6 mm thickness) 294.00 0.222  kg/m 3.25 E+05
$02-E03 Beams roof
MO5 Structural concrete
M05.1 Concrete 467 md 2400.00 kg/m? 1.12 E+07
MO05.2 Steel (total) 5.84 E+05
M05.2a Steel (round bar 12 mm thickness) 453.20 0.888 kg/m 4.02 E+05
MO05.2b  Steel (round bar 6 mm thickness) 819.00 0.222 kg/m 1.82 E+06

References for materials density are given in Appendix B
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Table F.1. - Continued.

Note ltem (Er?;f;) Unit ?Sr?ig[)y Unit I\/Ié)ss
S$02-E04 Slab ground floor

MO6 Structural concrete

MO06.1 Concrete 3057 m? 2400.00 kg/m? 7.34 E+07
M06.2 Steel (total) 3.34 E+06
M06.2a Steel (round bar 12 mm thickness) 1002.26 0.888 kg/m 8.90 E+05
M06.2b  Steel (round bar 10 mm thickness) 3965.78 m 0.617 kg/m 2.45 E+06
MQ7 Mortar 340 me 1950.00 kg/me 6.64 E+06
S$02-E05 Slab roof

MO8 Structural concrete

M08.1 Concrete 2152 m? 2400.00 kg/m? 5.17 E+07
M08.2 Steel (total) 2.33 E+06
MO08.2a  Steel (round bar 12 mm thickness) 687.46 0.888 kg/m 6.10 E+05
MO08.2b  Steel (round bar 10 mm thickness) 2789.49 0.617 kg/m 1.72 E+06
MQ9 Mortar 6.83 m? 1950.00 kg/m? 1.33 E+07
S03: FACADES AND ROOFS

S03-E01 External walls

M10 Ceramic hollow brick masonry (200 mm thickness)

M10.1 ﬁ:srz)m'c hollow brick (200 mm thick- 113500 un 8.00 kg/un 9.08 E+06
M10.2 Mortar (masonry) 355 md 1950.00 kg/m? 6.92 E+06
M11 Mortar (rendering) 265 md 1950.00 kg/m? 5.69 E+06
le:]ezzr-r:ﬁh;;TniLg]sEtlﬂgtSSt insulation) 477 m 20.00  kg/m? 3.55 E+04
M13 Paint 12411 m? 0.668 kg/m? 8.28 E+04
S03-E02 Doors

M14 Door FO1 (sliding door)

M14.1 Aluminium 35.60 2.30 kg/m 8.19 E+04
M14.2 Double flat glass (6-8-6 thickness) 31,36 2 15.00 Kg/m? 4.70E+05
M14.3 Wood (Oak) 0.018 m? 760.00 kg/m? 1.40 E+04
M14.4 Varnish 1.30 m? 0.420 Kg/m? 5.47 E+02
M15 Door FO2 (sliding door)

M15.1 Aluminium 894 m 2.30 kg/m 2.06 E+04
M15.2 Double flat glass (6-8-6 thickness) 1528 m? 15.00 Kg/m? 2.29 E+05
M15.3 Wood (Oak) 0.013 m? 760.00 kg/m? 9.91 E+03
M15.4 Varnish 0.83 m? 0.420 Kg/m? 3.51 E+02

References for materials density are given in Appendix B
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Table F.1. - Continued.

Note [tem (Er?;f;) Unit ?Sr?ig[)y Unit I\/Ié)ss
M16 Door FO3 (sliding door)

M16.1 Aluminium 17.84 m 2.30 kg/m 4.10 E+04
M16.2 Double flat glass (6-8-6 thickness) 30,18 m? 15.00 Kg/m? 4.52 E+05
M16.3 Wood (Oak) 0.020 3 760.00 kg/m? 1.48 E+04
M16.4 Varnish 1.25 2 0.420 Kg/m? 5.28 E+02
S03-E03 Windows

M17 Window FO5 (hinged window)

M17.1 Aluminium 7.56 m 2.60 kg/m 1.97 E+04
M17.2 Double flat glass (6-8-6 thickness) 1152 m? 15.00 Kg/m? 1.72 E+05
M17.3 Wood (Oak) 0.036 m? 760.00 kg/m? 2.73 E+04
M17.4 Varnish 1.63 m? 0.420 Kg/m? 6.85 E+02
S03-E04 Roof

M18 Asphalt sheet 122,86 m? 400 Kg/m? 491 E+05
M19 Thermal insulation (Thermoformed XPS) 433 m? 35.00 kg/m? 1.51 E+05
M20 Gravel 865 m? 1500.00 kg/m? 1.29 E+07
M21 Zinc sheet (1 mm thickness) 1859 m? 7.20 kg/m? 1.33 E+05
S$04: FLOORS

S04-E01 External floor

M22 Granite floor

M22.1 Granite tiles (30 mm thickness) 101.07 m? 80.01 kg/m? 8.08 E+06
M22.2 Mortar 235 m? 1950.00 kg/m? 3.96 E+06
S04-E02 Interior floor

M23 Asphalt sheet 34871 m? 400 Kg/m? 1.28 E+06
ﬁﬁgr:nh;;m;g‘;‘ﬂg'o” 2985 m 2500  kg/m? 7.46 E+04
M25 Mortar 447 m 1750.00 kg/m? 8.73 E+06
M26 Wood frame (Pine) 0347 md 600.00 kg/m? 2.64 E+05
lv'oii \évg‘;fr:(’tfﬁckness) 6495 m 2280  kg/m? 1.48 E+06
M28 Varnish (wood floor) 6495 m? 0.420 Kg/m? 2.73 E+04
M29 Marble floor

M29.1 Marble tiles (20 mm thickness) 561 m? 55.00 kg/m? 3.08 E+05
M29.2 Mortar 028 m? 1950.00 kg/m? 5.47 E+05

References for materials density are given in Appendix B
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Table F.1. - Continued.

Note [tem (Er?;f;) Unit ?Sr?ig[)y Unit I\/Ié)ss
S05: INTERIOR PARTITION

S05-E01 Interior walls

M30 Ceramic hollow brick masonry (110 mm thickness)

M30L T o) 584.00 un 400 kg/un  233E+06
M30-2 Mortar (masonry) 0.64 m? 1950.00 kg/m? 1.24 E+06
M31 Mortar (rendering) 2.65 md 1750.00 kg/m? 4.65 E+06
M32 Plaster 0245 m? 1000.00  kg/m? 2.44 E+05
M33 Paint 89,39 m? 0.668 kg/m? 5.97 E+04
M34 Plywood finishing (15 mm thickness) 530 m? 6.90 kg/m? 3.66 E+04
M35 Varnish (plywood) 530 m? 0.420 Kg/m? 2.23 E+03
M36 Wood foot panel (Oak) 0.025 m® 760.00 kg/m? 1.87 E+04
M37 Varnish (wood foot panel) 213 m? 0.420 Kg/m? 8.49 E+02
M38 Ceramic tiles 3941 m? 13.00 Kg/m? 5.12 E+05
S05-E02 Doors

M39 Door FO4 (hinged door)

M39.1 Wood frame (oak) 0.087 m? 760.00 kg/m? 6.63 E+04
M39.2 Prefabricated wood door 3.00 un 14.00 kg/un 4.20 E+04
M39.3 Varnish 1437 m? 0.420 kg/m? 6.04 E+03
S$06: CEILINGS

S06-E01 External ceilings

M40 Mortar (rendering) 0.654 m? 1750.00 kg/m? 1.14 E+06
mér;h;g?ni'eg‘;‘ﬂgio” 130 m 3500 kg/m’ 4.55 E+04
M42 Paint 3254 md 0.668 kg/m: 2.17 E+04
S06-E02 Interior ceilings

M43 Mortar (rendering) 1.14 3 1750.00 kg/m?® 2.47 E+06
M44 Plaster 0.35 3 1000.00 kg/m? 3.52 E+02
M45 Paint 70,56 m? 0.668 kg/m? 4.69 E+04
TOTAL MASS (g) 2.88 E+08

References for materials density are given in Appendix B
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F.3  Building B1. analysis of building configuration

Table F.2. Building B1: analysis of building configuration.

SL
(yr)

Mass

(@ Connections

Note [tem Rep

S01: FOUNDATIONS

S01-E01 Square base

MO1 Structural concrete

MO1.1  Concrete 50 1 259 E+07

Steel (round bar 12
mm thickness)

S$01-E02 Columns

MO2 Structural concrete

MO02.1 Concrete 50 1 216 E+06
MO02.2  Steel (total) 50 1  3.19E+05

M01.2 50 1 4.00 E+05

LLLER L
B

S$02: STRUCTURAL FRAME

S$02-E01 Columns

MO3 Structural concrete

MO03.1  Concrete 50 1 4.18E+06
MO03.2  Steel (total) 50 1 9.22 E+05
S$02-E02 Beams ground floor

MO4 Structural concrete

MO04.1 Concrete 50 1 1.65 E+07
MO04.2  Steel (total) 50 1 9.17 E+05
$02-E03 Beams roof

MO5 Structural concrete

M05.1  Concrete 50 1 1.12 E+07
MO05.2  Steel (total) 50 1 5.84 E+05
$02-E04 Slab ground floor

MO6 Structural concrete

M06.1  Concrete 50 1 7.34E+07
M06.2  Steel (total) 50 1 3.34 E+06
MO7 Mortar 50 1  6.64 E+06

(ELLEELEEEL
a

X
ok
£

(*) Service life equals Lifespan of building element where forecast service life of materials is longer.

Where:

/Nl/ is for closed connections

M, Is for open connection
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Table F.2. - Continued.

SL
(yr)

Mass

(@ Connections

Note [tem Rep

S02-E05 Slab roof
MO8 Structural concrete /Me( /M@9/ /wo/ /MAO/ /M%‘/
MO08.1 Concrete 50 1 5.17 E+07
M08.2  Steel (total) 50 1 2.33E+06

M09 Mortar 50 1 1.33E+07 Mg g

S03: FACADES AND ROOFS
S03-E01 External walls

M10 Ceramic hollow brick ma-
sonry (200 mm thickness)

Ceramic hollow brick
M10.1 (200 mm thickness) 50 1 9.08 E+06
M10.2  Mortar (masonry) 50 1  6.92 E+06
M-11 Mortar (rendering) 50 1  5.69 E+06

M12 Thermal insulation
(Thermoformed EPS - Cladding 50 1 3.55 E+04
outinsulation)

L\

LRERY
N

M13 Paint 5 10 828E+04

S03-E02 Doors

M14 Door FO1 (sliding door) M10 M11 M12 M31 M32
M14.1  Aluminium 30 2 819E+04 MI42 MI43

M14.2 ggﬁgsnfgs;gass 68 30 2 4708405 Mi41

M14.3  Wood (Oak) 30 2 L40E+04 M141 MME

M14.4  Varnish 15 4 5.47E:02 WH3

M15 Door FO2 (sliding door) M10 M11 M12 M31 M32
M15.1  Aluminium 30 2 2.06 E+04 M15.2 M14.3

M15.2 g?ﬁit(’:';nffsts)g'ass 68 30 2 229E:05 wmis51

M15.3  Wood (Oak) 30 2 991E+03 WISl MisE

M15.4 Varnish 15 4 351E:02 W53

M16 Door FO3 (sliding door) M10 M11 M12 M31 M32
M16.1  Aluminium 30 2 410 E+04 Ml16.2 M16.3

Mi62 DD ntts;g'ass 68 35 2 450F:05 W16l

M16.3  Wood (Oak) 30 2 L48E04 M6l MIEF

M16.4 Varnish 15 4 528E«02 Mi63

(*) Service life equals Lifespan of building element where forecast service life of materials is longer.
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Table F.2. - Continued.

SL Mass

Note [tem vr) Rep (@ Connections
S03-E03 Windows
M17 Window FO5 (hinged win- M10 M11 M12 M31 M32
dow)
M17.1  Aluminium 30 2 197 E+04 WM17.2 M17.3

Double flat glass (6-8-

M17.2 6 thickness) 30 2 172E+05 M17.1
M17.3  Wood (Oak) 30 2 27304 MI71 WMIE

M17.4  Varnish 15 4 6.85 E+02
S03-E04 Roof

M
M18 Asphalt sheet 50 1 491E+05 /MOY)//M&’(
/Wg/

M19 Thermal insulation (Ther- 50 1 151 E+05

moformed XPS)
M20 Gravel 50 1 1.29E+07 M-19
r'\]"eii)zmc sheet (1 mm thick- 50 1 1.33E+05 MI10 M1l MI12  MI8

S04: FLOORS

S04-E01 External floor

M22 Granite floor

M22. 1 Granite tiles (30 mm 50 1

thickness 8.08 E+06
M22.2  Mortar 50 1 3.96 E+06
S$04-E01 Interior floor
M23 Asphalt sheet 50 1 1.28 E+06

M24 Thermal insulation (Ther-
moformed XPS)

M25 Mortar 50 1 8.73 E+06
M26 Wood frame (Pine) 30 2 264E+05 M25

M27 Wood floor
(Oak 30 mm thickness)

M28 Varnish (wood floor) 15 4 273 E+04
M29 Marble floor

Marble tiles (20 mm
thickness)

M29.2  Mortar 50 1 547 E+05 1

50 1 7.46 E+04

R

N
:

=
N
~

30 2 148E+06 M26

5

M29.1 50 1 3.08 E+05

LR

(*) Service life equals Lifespan of building element where forecast service life of materials is longer.



Appendix F: Characterisation of building B1

Table F.2. - Continued.

401

Note [tem (?/ lr‘) Rep M(Z)SS Connections
S05: INTERIOR PARTITION
S05-E01 Interior walls
M30 Ceramic hoII(_)w brick ma- /M@//WI{/WI/
sonry (110 mm thickness)
M30.1 fle{g”r“nicmht%”ig‘fnggsc)k 50 1 233E+06 M
M30.2  Mortar (masonry) 50 1 1.24E+06 M30oT
M31 Mortar (rendering) 50 1 465E+06 MO M7 M34  M36 M7
M32 Plaster 50 1 244E+05 M3T M3
M33 Paint 15 4 597E:04 w37
miiinﬂg‘g’)o"d finishing (15mm 15 4 366F:04 M31 /MZ{
M35 Varnish (plywood) 15 4 223 E+03 /Man/
M36 Wood foot panel (Oak) 30 2 L87E04  M31 _M37
M37 Varnish (wood foot panel) 15 4 849 E+02 /Ma(
M38 Ceramic tiles 30 2 5.12 E+05 /Mén/
S05-E02 Doors
M39 Door FO4 (hinged door) M30 M31
M39.1  Wood frame (oak) 30 2 6.63E+04 M39.2 /NI393/
Mg refabrcatedwood 35 5 45004 Mg ye{
M39.3  Varnish 15 4 604E+03 W3l M397
S06: CEILINGS
S06-E01 External ceilings
M40 Mortar (rendering) 50 1 L14E+06 Mg 4T
mgflorTmhgén;(aFl) Sir)lsulation Mer g 1 45504 /Nmo/ /MAZ/
M42 Paint 5 10 217E+04 4T
S06-E01 Interior ceilings
M43 Mortar (rendering) 30 1 247E+06 /MOS/ /Métﬂ/
M44 Plaster 30 1 352E+02  M4T s
M45 Paint 15 4 469E04 _ad

(*) Service life equals Lifespan of building element where forecast service life of materials is longer.
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F.4 Building B1. analysis of end-oflife scenarios of materials

Table F.3. Building B1: analysis of end-of-life scenarios of materials.

End-of-life scenarios for materials mass

Mass

Note ltem (@) Reuse Recycle No recovery
(8) (g) (8

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1  Concrete 2.59 E+07 0 2.41 E+07 1.81 E+06
MO01.2  Steel (round bar) 4.00 E+05 0 3.72 E+05 2.80 E+04
S01-E02 Columns
MO2 Structural concrete
M02.1  Concrete 2.16 E+06 0 2.01 E+06 1.51 E+05
M02.2  Steel (round bar) 3.19 E+05 0 2.97 E+05 2.23 E+04
S02: STRUCTURAL FRAME
$02-E01 Columns
MO3 Structural concrete
M03.1  Concrete 4,18 E+06 0 3.88 E+06 2.92 E+05
MO03.2  Steel (round bar) 9.22 E+05 0 8.58 E+05 6.46 E+04
S$02-E02 Beams ground floor
MO4 Structural concrete
M04.1  Concrete 1.65 E+07 0 1.54 E+07 1.16 E+06
M04.2  Steel (round bar) 9.17 E+05 0 8.53 E+05 6.42 E+04
S$02-E03 Beams roof
MO5 Structural concrete
M05.1  Concrete 1.12 E+07 0 1.04 E+07 7.86 E+05
M05.2  Steel (round bar) 5.84 E+05 0 5.43 E+05 4.09 E+04
S02-E04 Slab ground floor
MO6 Structural concrete
M06.1  Concrete 7.34 E+Q7 0 6.82 E+07 5.14 E+06
M06.2  Steel (round bar) 3.34 E+06 0 3.10 E+06 2.34 E+05
MOQ7 Mortar 6.64 E+06 0 5.98 E+06 6.64 E+05
$02-E05 Slab roof
MO8 Structural concrete
M08.1  Concrete 5.17 E+07 0 4.80 E+07 3.62 E+06
M08.2  Steel (round bar) 2.33 E+06 2.17 E+06 1.63 E+05

MO9S Mortar 1.33 E+07 1.20 E+06 1.63 E+05
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Table F.3. - Continued.

403

End-of-life scenarios for materials mass

Note ltem M(agis Reuse Recycle No recovery
(g) (g) (g)

S03: FACADES AND ROOFS
S03-E01 External walls
M10 Ceramic hollow brick masonry (200 mm thickness)
M10.1 Sner;am:gkﬁg's‘;‘;v brick (200 g g E+06 0 8.17E+06  9.08 E+05
M10.2  Mortar (masonry) 6.92 E+06 6.23 E+06 6.92 E+05
M11 Mortar (rendering) 5.69 E+06 5.12 E+06 5.69 E+05
]Ic\cll)rlrglerhELng?l insulation (Thermo- 3.55 404 0 0 355 E+04
M13 Paint 8.28 E+04 0 0 8.28 E+04
S03-E02 Doors
M14 Door FO1 (sliding door)
M14.1  Aluminium 8.19 E+04 0 7.78 E+04 4.10 E+03
Mia2 Jouple Sﬂsa)t glass (6-8:6 4.70E+05  4.37 E+05 0 3.29 E+04
M14.3  Wood (Oak) 1.40 E+04 1.20 E+04 9.80 E+02
M14.4  Varnish 5.47 E+02 0 5.47 E+02
M15 Door FO2 (sliding door)
M15.1  Aluminium 2.06 E+04 0 1.96 E+04 1.03 E+03
M15.2 t'?ﬁéﬂisﬂ;t glass (686 229E+05  2.13 E+05 0 1.60 E+04
M15.3  Wood (Oak) 9.91 E+03 9.22 E+03 6.94 E+02
M15.4  Varnish 3.51 E+02 0 3.561 E+02
M16 Door FO3 (sliding door)
M16.1  Aluminium 4.10 E+04 0 3.90 E+04 2.05 E+03
M16.2 tDrﬁgﬂzsﬂ;t glass (686 452 E+05  4.20 E+05 0 3.16 E+04
M16.3  Wood (Oak) 1.48 E+04 1.38 E+04 1.04 E+03
M16.4  Varnish 5.28 E+02 0 5.28 E+02
S03-E03 Windows
M17 Window FQ5 (hinged window)
M17.1  Aluminium 1.97 E+04 0 1.87 E+04 9.85 E+02
M172  goune fat glass (686 1.72E+05  1.60 E+05 0 1.20 E+04
M17.3  Wood (Oak) 2.73 E+04 2.54 E+04 1.91 E+03
M17.4  Varnish 6.85 E+02 0 6.85 E+02
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Table F.3. - Continued.

End-of-life scenarios for materials mass

Mass

Note Item (g) Reuse Recycle No recovery
(8 (g) (8
S03-E04 Roof
M18 Asphalt sheet 491 E+05 0 0 491 E+05
M19 Thermal insulation (Thermo-
formed XPS) 1.51 E+05 0 0 1.51 E+05
M20 Gravel 1.29 E+07 1.16 E+07 0 1.29 E+06
M21 Zinc sheet (1 mm thickness) 1.33 E+05 0 1.26 E+05 6.65 E+03
S04: FLOORS
S04-E01 External floor
M22 Granite floor
M2, Graniteties (SO mmthick g og £106 0 727 E+06  8.08 E+05
M22.2  Mortar 3.96 E+06 0 3.56 E+06 3.96 E+05
S04-E02 Interior floor
M23 Asphalt sheet 1.28 E+06 0 0 1.28 E+06
M24 Thermal insulation (Thermo- 7 46 E+04 0 0 7 46 E+04
formed XPS)
M25 Mortar 8.73 E+06 0 7.86 E+06 8.73 E+05
M26 Wood frame (Pine) 2.64 E+05 0 2.46 E+05 1.85 E+04
M27 Wood floor
(Oak 30 mm thickness) 1.48 E+06 0 1.38 E+06 1.04 E+05
M28 Varnish (wood floor) 2.73 E+04 0 0 2.73 E+04
M29 Marble floor
M29.1 r':"easrs'f’)'e files (20 mm thick- 5 48 £, 05 0 277 E+05  3.08 E+04
M29.2  Mortar 5.47 E+05 0 4.92 E+05 5.47 E+04
S05: INTERIOR PARTITION
S05-E01 Interior walls
M30 Ceramic hollow brick masonry (110 mm thickness)
Ceramic hollow brick (110

M30.1 mm thickness) 2.33 E+06 0 2.10 E+06 2.33 E+05
M30.2  Mortar (masonry) 1.24 E+06 0 1.12 E+05 1.24 E+04
M31 Mortar (rendering) 4.65 E+06 0 4.19 E+06 4.65 E+05
M32 Plaster 2.44 E+05 0 2.20 E+05 2.44 E+04
M33 Paint 5.97 E+04 0 0 5.97 E+04
r'\]"e3s‘5‘)P'yW°°d finishing (15 mm thick- 3 g6 £.04 0 340 E+04 256 E+03

M35 Varnish (plywood) 2.23 E+03 0 0 2.23 E+03
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Table F.3. - Continued.

End-of-life scenarios for materials mass

Note ltem M(agis Reuse Recycle No recovery
(g) (g) (g)

M36 Wood foot panel (Oak) 1.87 E+04 0 1.74 E+04 1.31 E+03
M37 Varnish (wood foot panel) 8.49 E+02 0 0 8.49 E+02
M38 Ceramic tiles 5.12 E+05 0 4.61 E+05 5.12 E+04
S05-E02 Doors
M39 Door FO4 (hinged door)
M39.1  Wood frame (oak) 6.63 E+04 0 6.17 E+04 4.64 E+03
M39.2  Prefabricated wood door 4.20 E+04 0 3.91 E+04 2.94 E+03
M39.3  Varnish 6.04 E+03 0 0 6.04 E+03
S06: CEILINGS
S06-E01 External ceilings
M40 Mortar (rendering) 1.14 E+06 0 1.03 E+06 1.14 E+05
]Ic\(lljlflnaerh;Ln;;al insulation (Thermo- 455 E+04 0 0 455 E+04
M42 Paint 2.17 E+04 0 0 2.17 E+04
S06-E02 Interior ceilings
M43 Mortar (rendering) 2.47 E+06 0 2.22 E+06 2.47 E+05
M44 Plaster 3.52 E+02 0 3.17 E+02 3.562 E+01

M45 Paint 4.69 E+04 0 0 4.69 E+04
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G.1 Building B2: drawings
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Figure G.1. Building B2: plan
1) Terrace, 2) Balcony, 3) Living room, 4) Kitchen, 5) Bathroom, 6) Bedroom.

Figure G.2. Building B2: 3D South view.
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]

Figure G.3. Building B2: South elevation.
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Figure G.4. Building B2: longitudinal sections.
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Figure G.5. Building B2: West elevation.

Figure G.6. Building B2: cross sections.
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G.2 Building B2: mass inventory

Table G.1.Building B2: mass inventory of materials.

Note [tem (Er?itti) Unit ?SQE'SJ[)y Unit Mé?s
SO01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO01.1 Concrete 10.78 m? 2400.00 kg/m? 2.59 E+07
MO01.2 Steel (round bar 12 mm thickness) 450.00 m 0.888 kg/m 4.00 E+05
S01-E02 Columns
MO2 Galvanized steel (HEB 200 section) 1550 m 61300.00 kg/m 9.50 E+05
MO3 Paint 1482 m? 0.90 kg/m? 1.60 E+04
$02: STRUCTURAL FRAME
S$02-E01 Columns
MO4 Galvanized steel (HEB 200 section) 29.20 61300.00 kg/m 1.79 E+06
MO5 Paint 33.58 2 090 kg/m? 3.02 E+04
S$02-E02 Beams ground floor
MO6 Galvanized steel (HEB 200 section) 91.68 61300.00 kg/m 5.62 E+06
MOQ7 Paint (HEB 200) 105.43 2 090 kg/m? 9.49 E+04
MO8 Galvanized steel (IPN 140 section) 108.00 14400.00 kg/m 1.56 E+06
MOQ9 Paint (IPN 140) 59.40 m: 0.90 kg/me 5.35 E+04
$02-E03 Beams roof
M10 Galvanized steel (HEB 200 section) 68.50 61300.00 kg/m 4.20 E+06
M11 Paint (HEB 200) 78.77 2 0.90 kg/m? 7.09 E+04
M12 Galvanized steel (IPN 140 section) 81.00 14400.00 kg/m 1.17 E+06
M13 Paint (IPN 140) 4455 e 0.90 kg/me 4.01 E+04
S$02-E04 Slab ground floor
M14 OSB panel (25 mm thickness) 81,01 m? 16.25 kg/m? 1.32 E+06
$02-E05 Slab roof
M15 Structural thermal insulation panel
M15.1 OSB panel (19 mm thickness) 230.25 m? 10.45 Kg/m? 2.41 E+06
M15.2 Thermoformed XPS 6.62 m? 35.00 Kg/md 2.32 E+05
M16 Wood frame (Pine) 152 md 600.00 Kg/m? 9.07 E+05
M17 OSB panel (25 mm thickness) 117.58 m? 16.25 kg/m? 1.91 E+06

References for materials density are given in Appendix B
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Table G.1. - Continued.

Note [tem (Er?iJE;) Unit ?Sr?ig)y Unit M(Z)SS
S03: FACADES AND ROOFS
S03-E01 External walls
M18 Galvanized steel frame
M18.1 Galvanized steel rail R48 261,40 0.457 kg/m 1.19 E+05
M18.2 Galvanized steel rail M48 402,46 0.444  kg/m 1.79 E+05
M19 0SB panel (19 mm thickness) 3386 m? 10.45 kg/m’ 3.54 E+05
M20 Varnish (external face OSB panel) 97.51 2 0.420 kg/m? 4.10 E+04
M21 Mineral wool (medium density) 5.94 3 70.00 kg/m? 4.16 E+05
M22 Plasterboard 11183 md 10.53  kg/m? 1.18 E+06
M23 Paint 111,47 md 0.670  kg/m? 7.45 E+04
M24 Wood stripe (Pine — 40 x 40 mm section) 0.46 m® 600.00 kg/m? 2.78 E+05
M25 Galvanized steel plate (1 mm thickness) 496 m? 7.85 kg/m? 3.89 E+04
?g?f;%“ﬁtci‘i egi‘)’a”‘md steel plate 60.73 m? 7.06  kg/m’ 4.29 E+05
S03-E02 Doors
M27 Door FO1 (sliding door)
M27.1 Aluminium 35.60 2.30 kg/m 8.19 E+04
M27.2 Double flat glass (6-8-6 thickness) 31,36 2 15.00 kg/m? 4.70E+05
M27.3 Wood (Oak) 0018 m? 760.00 kg/m? 1.40 E+04
M27.4 Varnish 1.30 m? 0.420 kg/m? 5.47 E+02
M28 Door FO2 (sliding door)
M28.1 Aluminium 894 m 230 kg/m 2.06 E+04
M28.2 Double flat glass (6-8-6 thickness) 1528 m? 15.00 kg/m? 2.29E+05
M28.3 Wood (Oak) 0013 m? 760.00 kg/m? 9.91 E+03
M28.4 Varnish 083 m? 0.420 kg/m? 3.51 E+02
M29 Door FO3 (sliding door)
M29.1 Aluminium 17.84 2.30 kg/m 4,10 E+04
M29.2 Double flat glass (6-8-6 thickness) 30,18 2 15.00 kg/m? 4.52E+05
M29.3 Wood (Oak) 0.020 N 760.00 kg/m? 1.48 E+04
M29.4 Varnish 125 m? 0.420 kg/m? 5.28 E+02
S03-E03 Windows
M30 Window FO5 (hinged window)
M30.1 Aluminium 7.56 2.60 kg/m 1.97 E+04
M30.2 Double flat glass (6-8-6 thickness) 11,52 2 15.00 kg/m? 1.72E+05
M30.3 Wood (Oak) 0.036 m? 760.00 kg/m? 2.73 E+04
M30.4 Varnish 1.63 m? 0.420 kg/m? 6.85 E+02

References for materials density are given in Appendix B



414 Design for Deconstruction: Emergy Approach to Evaluate Deconstruction Effectiveness

Table G.1. - Continued.

Note [tem (Er?iJE;) Uni ?Sr?ig)y Unit M(Z)SS
S03-E04 Roof
M31 PVC roofing sheet 264,18 m? 4.00 kg/m? 1.06 E+06
M32 Stainless steel plate (1 mm thickness) 11.40 m? 790 kg/m? 9.01 E+04
S04: FLOORS
S04-E01 External floor
rI\}/I(:33S§)Wood plastic composite deck (30 mm thick- 8008 m? 19.64  kg/m’ 157 E+06
S04-E02 Interior floor
M34 Mineral wool (medium density) 1057 m? 70.00 kg/m? 7.40 E+05
M35 Wood frame (Pine) 1.85 m? 600.00 kg/m? 1.12 E+06
M36 Wood floor (Oak 30 mm thickness) 6495 m? 22.80 kg/md 1.48 E+06
M37 Varnish 7497 m’ 0.420 kg/m? 3.15 E+04
S$05: INTERIOR PARTITION
S05-E01 Interior walls
M38 Galvanized steel frame
M38.1 Galvanized steel rail R48 36,33 0.457 kg/m 1.66 E+04
M38.2 Galvanized steel rail M46 113,56 0.444  kg/m 5.04 E+04
M39 Mineral wool (medium density) 1.5 m? 70.00 kg/m? 1.09 E+05
M40 Plasterboard 142,84 m? 10.53  kg/m? 1.50 E+06
M41 Paint 62.17 mé 0.670 kg/m? 4.16 E+04
M42 Wood foot panel (Oak) 0018 m? 760.00 kg/m? 1.39 E+04
M43 Varnish (wood foot panel) 1.50 m? 0.420 Kg/m? 2.26 E+03
M44 Ceramic tiles 36,47 md 13.00 kg/m? 4.74 E+05
S05-E02 Doors
M45 Door FO4 (hinged door)
M45.1 Wood frame (oak) 0.087 m? 760.00 kg/m? 6.63 E+04
M45.2 Prefabricated wood door 3.00 un 14.00 kg/un 4.20 E+04
M45.3 Varnish 1437 m? 0.420 Kg/m? 6.04 E+03

References for materials density are given in Appendix B
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Table G.1. - Continued.

Note [tem (Er?iJE;) Unit ?SQI?['SJ[)y Unit M(Z)SS
S06: CEILINGS
S06-E01 External ceilings
M46 Wood stripe (Pine — 40 x 40 mm section) 009 m’ 600.00 kg/m? 5.64 E+04
M46 Galvanized steel plate (1 mm thickness) 23.13 m? 7.85 kg/m? 1.82 E+05
S06-E02 Interior ceilings
M48 Galvanized steel rail F530 217.25 m 457  kg/m 9.93 E+04
M49 Plasterboard (waterproof) 72.41 2 11.33  kg/m? 8.20 E+05
M50 Paint (primary) 7241 mé 0.670 kg/m? 4.48 E+04
TOTAL MASS (g) 6.29 E+07

References for materials density are given in Appendix B
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G.3 Building B2: analysis of building configuration

Table G.2. Building B2: analysis of building configuration.

SL M
Note [tem (yr)  Rep (ag)ss Connections
S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete M02
MO1.1  Concrete 50 1 2.59 E+07 /MM
Steel (round bar 12
MOL2 o iickness) 50 1  4.00 E+05 /Mm{
S01-E02 Columns
MO2 Galvanized steel (HEB 200
saction 50 1 950E+05 Mol )am/ MO6
MO3 Paint 15 4 160E+04 Me7
S$02: STRUCTURAL FRAME
S02-E01 Columns
MO4 Galvanized steel (HEB 200 50 1 179 E+06  MO5 ¢ M10
section)
MO5 Paint 15 4 3026404 wed
S$02-E02 Beams ground floor
MO6 Galvanized steel (HEB 200
section) 50 1 562E+06 M02  MO4 )A@/ M08
MO7 Paint 15 4 9A49E+04 Mes
MOS Galvanized steel (IPN 140 50 1 156 E+06  MO6
section)
MQ9 Paint (IPN 140) 15 4 535 E+04 /MQB/
S$02-E03 Beams roof
MlQ Galvanized steel (HEB 200 50 1 420 E+06  MO4 M12
section)
M11 Paint 15 4 7.09E+04 Mot
M12_ Galvanized steel (IPN 140 50 1 117 E+06  M10
section)
M13 Paint (IPN 140) 15 4 401 E+04 /Mrl’z/

(*) Service life equals lifespan for materials which forecast service life is longer than lifespan

Where:

/Nl/ is for closed connections

M, Is for open connection
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Table G.2. - Continued.

417

SL

Note [tem (yr)  Rep I\/I(ag)ss Connections

S$02-E04 Slab ground floor
r'\]/'elsi)OSB panel 25 mm thick- 59 1 130F;05 Mos MO  M34 M35
S$02-E05 Slab roof
M15 Structural thermal insula-
tion panel M10 M12 M16
mis1 OSBpanel(1I9mm 55 4 541 E05 w82

thickness)
M15.2  Thermoformed XPS 50 1 2.32 E+05 /NIM
M16 Wood frame (Pine) 50 1 9.07 E+05 M15 M17
M17 OSB panel (25 mm thick- 50 1 191 E+06  MI6
ness) '
S03: FACADES AND ROOFS
S03-E01 External walls
M-18 Galvanized steel frame 50 1 298 E+05 M14 M19 M22
M19 OSB panel (19 mmthick- 5 1 354F105 wmis M21  M24
ness) '
M20 Varnish (external face OSB 50 1 410 E+04 §
panel) '
M21 Mineral wool (medium
density) 50 1 4.16 E+05 M18 M19 M22
M22 Plasterboard 50 1.18 E+06  M18 M21 /MZS/
M23 Paint 15 4  745E+04 M2Z
M24 Wood stripe (Pine — 40 x
40 mm section) 50 1 2.78 E+05 M19 M25 M26
M25 Galvanized steel plate (1
mm thickness) 50 1 3.89 E+04 M24 M26
M26 Corrugated galvanized
steel plate (0.75 mm thickness) 50 1 429E+05  M24 M25
S03-E02 Doors
M27 Door FO1 (sliding door) M18 M25 M40
M27.1  Aluminium 50 1 8.19 E+04 M27.2 M27.3

Double flat glass (6-8-
M27.2 6 thickness) 50 1 4.70E+05 M27.1
M27.3  Wood (Oak) 30 2 140E+04 M271 M27d
M27.4  Varnish 15 4 547E+02 W27

(*) Service life equals lifespan for materials which forecast service life is longer than lifespan
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Table G.2. - Continued.

SL

Note [tem (yr)  Rep I\/I(ag)ss Connections
M28 Door FO2 (sliding door) M18 M25 M40
M28.1  Aluminium 50 1 2.06 E+04 M28.2 M28.3

Double flat glass (6-8-
M28.2 6 thickness) 50 1 229 E+05 M28.1
M28.3  Wood (Oak) 30 2 991 E+03 Mm28.1 )&284/
M28.4  Varnish 15 4  351E+02 M283
M29 Door FO3 (sliding door) M18 M25 M40
M29.1  Aluminium 50 1 410 E+04 M29.2 9Mm27.3
Double flat glass (6-8-
M29.2 6 thickness) 50 1 4,52 E+05 M29.1
M29.3  Wood (Oak) 30 2 1.48 E+04 M29.1 )&294/
M29.4  Varnish 15 4 528E+02 M293
S03-E03 Windows
M30 Window FO5 (hinged win- M18 M25 M40
dow)
M30.1  Aluminium 50 1 1.97 E+04 M30.2 M30.3
Double flat glass (6-8-
M30.2 6 thickness) 50 1 1.72E+05 M30.1
M30.3  Wood (Oak) 30 2 273E+04 M30.1 )&l@@zl/
M30.4  Varnish 15 4 685E+02 M303
S03-E04 Roof
M31 PVC roofing sheet 20 3 1.06 E+06  M-02

M32 Stainless steel plate (1

mm thickness) 50 1 9.01E+04 M02

S04: FLOORS
S04-E01 External floor

M33 Wood plastic composite
deck (30 mm thickness) 50 1 1.57E+06 /V\M/ M32

S04-E02 Interior floor

M34_Mineral wool (medium 50 1 740 E+05 M14 M35 M36
density)

M35 Wood frame (Pine) 30 2 1.12E+06 M14 M34 M36
M36 Wood floor

(Oak 30 mm thickness) 30 2 1.48E+06 M34 M35 /NJ%%

M37 Varnish 15 4 3.15E+04 /M86/

(*) Service life equals lifespan for materials which forecast service life is longer than lifespan
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Table G.2. - Continued.

419

SL

Note [tem (yr)  Rep I\/I(ag)ss Connections
S05: INTERIOR PARTITION
S05-E01 Interior walls
M38 Galvanized steel frame 50 1 6.70 E+04 M18 M36 M39 M40
;Si?y)MineraI wool (medium den- 50 1 109 E+05 MI8 M38 M40
M40 Plasterboard 50 1 150E+06 M2Z  M36  M38  M39 4T
M41 Paint 15 4  416E04 M40
M42 Wood foot panel (Oak) 30 2 1.39 E+04 M22 M40 /MAS/
M43 Varnish (wood foot panel) 15 4  2.26 E+03 /w{
M44 Ceramic tiles 30 2 474E+05 a0
S05-E02 Doors
M45 Door FO4 (hinged door) M39 M40
M45.1  Wood frame (0ak) 30 2 663E+04 M39.2 M39T
M45.2 ggiffb”cated wood 35 5 420E+04 WM39.1 M
M45.3  Varnish 15 4  G6O4E+03 M39T Mod
S06: CEILINGS
S06-E01 External ceilings
M46 Wood stripe (Pine - 40 x
40 mm section) 50 1 5.64 E+04  M15 M47
M47 G_alvanized steel plate (1 50 1 182 E+05 M5 M26 MA6
mm thickness)
S06-EO01 Interior ceilings
M48 Galvanized steel rail F530 50 1 993 E+04 M15 M49
M49 Plasterboard (waterprooff 50 1 8.20E+05 MM4S _M4T M50
M450 Paint 15 4 A448E+04 4T

(*) Service life equals lifespan for materials which forecast service life is longer than lifespan
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G.4 Building B2: analysis of end-of-life scenarios of materials

Table G.3.Building B2: analysis of end-of-life scenarios of materials.

End-of-life scenarios for materials mass

Mass

Note Item (g) Reuse Recycle No recovery
(8) (8) (8)

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1  Concrete 2.59 E+07 0 2.41 E+07 1.81 E+06
MO01.2  Steel (round bar) 4.00 E+05 0 3.72 E+05 2.80 E+04
S01-E02 Columns
"[\illoaz) Galvanized steel (HEB 200 sec- 950 E+05 922 E+05 0 2 85 F+04
MO3 Paint 1.60 E+04 0 0 1.60 E+04
S02: STRUCTURAL FRAME
S02-E01 Columns
’It\illo% Galvanized steel (HEB 200 sec- 1.79 E+06 174 E+06 0 537 E+04
MO5 Paint 3.02 E+04 0 0 3.02 E+04
S$02-E02 Beams ground floor
i\i/IO?]E)S Galvanized steel (HEB 200 sec- 562 E+06 5 45 E+06 0 1.69 E+05
MO7 Paint (HEB 200) 9.49 E+04 0 0 9.49 E+04
i\iﬂo?]? Galvanized steel (IPN 140 sec- 1.56 E+06 151 E+06 0 4 68 E+04
MQO9 Paint (IPN 140) 5.35 E+04 0 0 5.35 E+04
S$02-E03 Beams roof
’lt\illoln(; Galvanized steel (HEB 200 sec- 4 50 106 4.07 E+06 0 1.26 E+05
M11 Paint (HEB 200) 7.09 E+04 0 0 7.09 E+06
{\illolrs Galvanized steel (IPN 140 sec- 1.17 E+06 1.13 E+06 0 351 404
M13 Paint (IPN 140) 4.01 E+04 0 0 4.01 E+04
$02-E04 Slab ground floor
M14 0SB panel (25 mm thickness) 1.32 E+06 0 1.84 E+10 9.24 E+04
S$02-E05 Slab roof
M15 Structural thermal insulation panel
m15.1  OSB panel (I9mmthick- 5 4 ¢,06 0 0 241 E+06

ness)
M15.2  Thermoformed XPS 2.32 E+05 0 0 2.23 E+05
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Table G.3. - Continued.

End-of-life scenarios for materials mass

Note Item M(agis Reuse Recycle No recovery
(g) (g) (g)

M16 Wood frame (Pine) 9.07 E+05 0 8.44 E+05 6.35 E+04
M17 OSB panel (25 mm thickness) 1.91 E+06 0 2.66 E+10 1.34 E+05
S03: FACADES AND ROOFS
S03-E01 External walls
M18 Galvanized steel frame 2.98 E+05 0 2.89 E+05 8.94 E+03
M19 OSB panel (19 mm thickness) 3.54 E+05 0 4,94 E+09 2.48 E+04
M20 Varnish (external face OSB panel)  4.10 E+04 0 0 4.10 E+04
M21 Mineral wool (medium density) 4.16 E+05 3.87 E+05 0 2.91 E+04
M22 Plasterboard 1.18 E+06 0 1.12 E+06 5.90 E+04
M23 Paint 7.45 E+04 0 0 7.45 E+04
Q”ezcﬁo"r‘{)o"d stripe (Pine - 40x 40mm 5 76 £,05 0 259 E+05 195 E+04
Miifeas'g’)a”ized steel plate (1 mm 3.89 E+04 0 377E+05 1.7 E+03
?g?ff;ﬁq“fﬁffki egi‘)’a”ized steelplate 4 59 E+05 0 416 E+05 129 E+04
S03-E02 Doors
M27 Door FO1 (sliding door)
M27.1  Aluminium 8.19 E+04 0 7.78 E+04 4.10 E+03
M27.2  Douple Sﬂ;t glass (686 4.70E+05  4.37 E+05 0 3.29 E+04
M27.3  Wood (Oak) 1.40 E+04 0 1.30 E+04 9.80 E+02
M27.4  Varnish 5.47 E+02 0 0 5.47 E+02
M28 Door FO2 (sliding door)
M28.1  Aluminium 2.06 E+04 0 1.71 E+04 8.98 E+02
M2g2  poune fat glass (686 229E+05 214 E+05 0 1.61 E+04
M28.3  Wood (Oak) 9.91 E+03 0 6.60 E+03 4.97 E+02
M28.4  Varnish 3.561 E+02 0 0 1.80 E+02
M29 Door FO3 (sliding door)
M29.1  Aluminium 4.10 E+04 0 3.14 E+04 1.65 E+03
M2g.2  poune Tat glass (686 452E+05  4.25 E+05 0 3.20 E+04
M29.3  Wood (Oak) 1.48 E+04 0 9.90 E+03 7.46 E+02

M29.4  Varnish 5.28 E+02 0 0 2.28 E+02
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Table G.3. - Continued.

End-of-life scenarios for materials mass

Mass

Note Item (g) Reuse Recycle No recovery
(g) (g) (g)

M16 Wood frame (Pine) 9.07 E+05 0 8.44 E+05 6.35 E+04
M17 OSB panel (25 mm thickness) 1.91 E+06 0 2.66 E+10 1.34 E+05
S03: FACADES AND ROOFS
S03-E01 External walls
M18 Galvanized steel frame 2.98 E+05 0 2.89 E+05 8.94 E+03
M19 OSB panel (19 mm thickness) 3.54 E+05 0 4,94 E+09 2.48 E+04
M20 Varnish (external face OSB panel)  4.10 E+04 0 0 4.10 E+04
M21 Mineral wool (medium density) 4.16 E+05 3.87 E+05 0 2.91 E+04
M22 Plasterboard 1.18 E+06 0 1.12 E+06 5.90 E+04
M23 Paint 7.45 E+04 0 0 7.45 E+04
Q”ezcﬁo"r‘{)o"d stripe (Pine - 40x 40mm 5 76 £,05 0 259 E+05 195 E+04
Miifeas'g’)a”ized steel plate (1 mm 3.89 E+04 0 377E+05 1.7 E+03
?g?ff;ﬁq“fﬁffki egi‘)’a”ized steelplate 4 59 E+05 0 416 E+05 129 E+04
S03-E02 Doors
M27 Door FO1 (sliding door)
M27.1  Aluminium 8.19 E+04 0 7.78 E+04 4.10 E+03
M27.2  Douple Sﬂ;t glass (686 4.70E+05  4.37 E+05 0 3.29 E+04
M27.3  Wood (Oak) 1.40 E+04 0 1.30 E+04 9.80 E+02
M27.4  Varnish 5.47 E+02 0 0 5.47 E+02
M28 Door FO2 (sliding door)
M28.1  Aluminium 2.06 E+04 0 1.71 E+04 8.98 E+02
M2g2  poune fat glass (686 229E+05 214 E+05 0 1.61 E+04
M28.3  Wood (Oak) 9.91 E+03 0 6.60 E+03 4.97 E+02
M28.4  Varnish 3.561 E+02 0 0 1.80 E+02
M29 Door FO3 (sliding door)
M29.1  Aluminium 4.10 E+04 0 3.14 E+04 1.65 E+03
M2g.2  poune Tat glass (686 452E+05  4.25 E+05 0 3.20 E+04
M29.3  Wood (Oak) 1.48 E+04 0 9.90 E+03 7.46 E+02

M29.4  Varnish 5.28 E+02 0 0 2.28 E+02
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Table G.3. - Continued.

End-of-life scenarios for materials mass

Mass

Note ltem (g) Reuse Recycle No recovery
(g) (g) (g)

S03-E03 Windows
M-30 Window FO5 (hinged window)
M30.1  Aluminium 1.97 E+04 0 8.38 E+03 4.41 E+02
M30.2 %?gmsﬂst glass (6-8:6 172 E+05  1.86 E+04 0 1.40 E+03
M30.3  Wood (Oak) 2.73 E+04 0 2.38 E+04 1.79 E+03
M30.4  Varnish 6.85 E+02 0 0 3.40 E+02
S03-E04 Roof
M31 PVC roofing sheet 1.06 E+06 0 1.06 E+06
rI\]/Ie’o;i)Stainless steel plate (1 mm thick- 901 E+04 0 838 E+04 6.31 E+03
S04: FLOORS
S04-E01 External floor
M%‘?’t‘r’]‘fgﬁge@s"’f“c composite deck (30 1 57 106 1.46 E+06 0 1.10 E+05
S$04-E02 Interior floor
M34 Mineral wool (medium density) 7.40 E+05 6.88 E+05 0 5.18 E+04
M35 Wood frame (Pine) 1.12 E+06 0 1.04 E+06 7.84 E+04
'(\(")3af( ‘é\’(‘)’?}frﬂ(’tﬁgckness) 1.48 E+06 0 138E+06  1.04 E+05
M-37 Varnish 3.15 E+04 0 0 3.15 E+04
S05: INTERIOR PARTITION
S05-E01 Interior walls
M38 Galvanized steel frame 6.70 E+04 0 6.50 E+04 2.01 E+03
M39 Mineral wool (medium density) 1.09 E+05 1.01 E+05 0 7.63 E+03
M40 Plasterboard 1.50 E+06 0 1.43 E+05 2.25 E+05
M41 Paint 4.16 E+04 0 0 4,16 E+04
M42 Wood foot panel (Oak) 1.39 E+04 0 1.29 E+04 9.73 E+02
M43 Varnish (wood foot panel) 2.26 E+03 0 0 2.26 E+03
M44 Ceramic tiles 4.74 E+05 0 4.27 E+05 4.74 E+04
S05-E02 Doors
M45 Door FO4 (hinged door)
M45.1  Wood frame (oak) 6.63 E+04 0 6.17 E+04 4.64 E+03
M45.2  Prefabricated wood door 4.20 E+04 0 3.91 E+04 2.94 E+03

M45.3  Varnish 6.04 E+03 0 0 6.04 E+03
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Table G.3. - Continued.

End-of-life scenarios for materials mass

Note ltem M(agis Reuse Recycle No recovery
(8 (g) (8

S$06: CEILINGS
S$06-E01 External ceilings
o OVr‘]’)OOd stripe (Pine -~ 40x 40 mm 5 ¢4 £104 0 525E+04  3.95 E+03
ichaanized steel plate (L mm 1 g 405 0 1L77E+05 546 E+03
S06-E02 Interior ceilings
M48 Galvanized steel rail F530 9.93 E+04 0 5.25 E+04 2.98 E+03
M49 Plasterboard (waterproof) 8.20 E+05 0 1.77 E+05 4.10 E+04

M50 Paint 4.48 E+04 0 4.48 E+04
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H.1 Buidling B3: drawings
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Figure H.1. Building B3: plan
1) Terrace, 2) Balcony, 3) Living room, 4) Kitchen, 5) Bathroom, 6) Bedroom.

Figure H.2. Building B3: 3D South view.
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Figure H.3. Building B3: South elevation.
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Figure H.4. Building B3: longitudinal sections.
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Figure H.5. Building B3: West elevation.

Figure H.6. Building B3: cross sections.
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H.2 Building B3: mass inventory

Table H.1.Building B3: mass inventory of materials.

Note Item (Er?ittz) Unit ?Egifg Unit IVI(agis
S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1 Concrete 10.78 m? 2400.00 kg/m? 2.59 E+07
MO01.2 Steel (round bar 12 mm thickness) 450.00 m 0.888 kg/m 4.00 E+05
S01-E02 Columns
MO02 Wood structure (Oak) 090 md 760.00 kg/m? 6.84 E+05
MO3 Varnish 15.00 m? 0.420 Kg/m? 6.30 E+03
$02: STRUCTURAL FRAME
S$02-E01 Columns
M04 Wood structure (Oak) 205 m? 760.00 kg/m? 1.56 E+06
MO5 Varnish 3420 m? 0.420 Kg/m? 1.44 E+04
S$02-E02 Beams ground floor
MO06 Wood structure (oak) 1437 m? 760.00 kg/m? 1.09 E+07
MQ7 Varnish 239.63 m? 0.420 Kg/m? 1.01 E+05
S02-E03 Beams roof
MO8 Wood structure (oak) 1232 m? 760.00 kg/m? 9.37 E+06
M09 Varnish 166.18 m? 0.420 Kg/m? 6.98 E+04
S$02-E04 Slab ground floor
M10 Wood structure (Oak)
M10.1 Wood (150 x 100 mm section) 295 m? 760.00 kg/m? 2.24 E+06
M10.2 Wood (70 x 70 mm section) 1437 m? 760.00 kg/m? 8.58 E+05
M10.3 Wood (50 x 55 mm section) 1437 md 760.00 kg/m? 3.82 E+05
M11 OSB panel (25 mm thickness) 79.86 m? 16.25 kg/m? 1.30 E+06
$02-E05 Slab roof
M12 Wood structure (Oak)
M12.1 Wood (150 x 100 mm section) 049 md 760.00 kg/m? 3.74 E+05
M12.2 Wood (100 x 70 mm section) 1.60 m? 760.00 kg/m? 1.22 E+06
M13 Structural thermal insulation panel
M13.1 0SB panel (19 mm thickness) 230.25 m? 10.45 Kg/m? 2.41 E+06
M13.2 Thermoformed XPS 576 m? 35.00 Kg/md 2.01 E+05

References for materials density are given in Appendix B
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Table H.1. - Continued.

Note ltem (51?;5[2) Unit ?Sgig)y Unit M(SS
S03: FACADES AND ROOFS
S03-E01 External walls
M14 Wood frame (Pine — 70 x 70 mm section) 070 m? 600.00 kg/m? 6.30 E+05
M15 OSB panel (19 mm thickness) 158.34 3 10.45 kg/md 1.65 E+06
M16 Varnish (external face OSB panel) 135.01 2 0.420 Kg/m? 5.67 E+04
M17 Mineral wool (medium density) 382 m’ 70.00 kg/m? 2.68 E+05
M18 Wood stripe (Pine — 40 x 40 mm section) 022 mé 600.00 kg/m? 1.33 E+05
M19 Wood board (Oak) 267 mé 760.00 kg/m? 2.03 E+06
M20 Varnish (external face wood board) 89.22 m? 0.420 Kg/m? 3.75 E+04
M21 Wood stripe (Pine - 40 x 40 mm section) 021 md 600.00 kg/m? 1.30E+05
M22 Plywood (external face) (15 mm thickness) 8228 m? 6.90 kg/m? 5.68 E+05
M23 Varnish (external face plywood) 8228 m? 0.420 Kg/m? 3.46 E+04
S03-E02 Doors
M24 Door FO1 (sliding door)
M24.1 Wood (Oak) 0.16 md 760.00 kg/m? 1.25 E+05
M24.2 Double flat glass (6-8-6 thickness) 31,53 m? 15.00 kg/m? 4.73E+05
M24.3 Varnish 16.94 m? 0.420 Kg/m? 7.12 E+03
M25 Door FO2 (sliding door)
M25.1 Wood (Oak) 0.08 m’ 760.00 kg/m? 6.33 E+04
M25.2 Double flat glass (6-8-6 thickness) 15,58 m? 15.00 Kg/m? 2.34E+05
M25.3 Varnish 8.83 m? 0.420 Kg/m? 3.71 E+03
M26 Door FO3 (sliding door)
M26.1 Wood (Oak) 0.16 m’ 760.00 kg/m? 1.21 E+05
M26.2 Double flat glass (6-8-6 thickness) 30,51 2 15.00 Kg/m? 4.58 E+05
M26.3 Varnish 16.67 2 0.420 Kg/m? 7.00 E+03
S03-E03 Windows
M27 Window FO5 (hinged window)
M27.1 Wood (Oak) 0.06 N 760.00 kg/m? 4.26 E+04
M27.2 Double flat glass (6-8-6 thickness) 1,53 2 15.00 Kg/m? 2.31 E+05
M27.3 Varnish 412 m? 0.420 Kg/m? 1.73 E+03
S03-E04 Roof
M28 PVC roofing sheet 122,86 m® 4.00 kg/m? 491 E+05
M29 Zinc sheet (1 mm thickness) 1859 m? 7.20 kg/m? 1.33 E+05

References for materials density are given in Appendix B
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Table H.1. - Continued.

Note ltem (51?;5[2) Unit ?Sr?ig)y Unit M(SS
S04: FLOORS
S04-E01 External floor
M30 Wood (Ipe- 27 mm thickness) 85.15 m? 920.00 kg/m? 1.16 E+06
S04-E02 Interior floor
M31 Mineral wool (medium density) 382 md 70.00 kg/m? 2.68 E+05
M32 Wood floor (Oak 30 mm thickness) 79.86 m’ 22.80 kg/m’ 1.82 E+06
M33 Varnish 79.86 m? 0.420 kg/m? 3.35 E+04
S05: INTERIOR PARTITION
S05-E01 Interior walls
M34 Wood frame (Pine = 70 x 70 mm section) 0.70 m? 600.00 kg/m? 4.19 E+05
M35 Mineral wool (medium density) 4,158 m? 70.00 kg/md 2.91 E+05
M36 Plywood finishing (15 mm thickness) 179.70 m? 6.90 kg/m? 1.73 E+06
M37 Varnish (plywood) 139.63 m? 0.420 kg/m? 5.86 E+04
M38 Plasterboard (waterproof) 44,11 2 11.00 kg/m? 4.85 E+04
M39 Paint 6,37 m’ 0.670 kg/m? 4.26 E+03
M40 Ceramic tiles 34,60 m’ 13.00 kg/m? 4.50 E+05
S05-E02 Doors
M41 Door FO4 (hinged door)
M41.1 Wood frame (oak) 002 m 760.00 kg/m? 1.39 E+04
M41.2 Prefabricated wood door 3.00 un 14.00 kg/un 4.20 E+04
M41.3 Varnish 1448 m? 0.420 kg/m? 6.08 E+03
$06: CEILINGS
S06-E01 External ceilings
M42 Wood stripe (Pine — 50 x 40 mm section) 026 md 600.00 kg/m? 1.55 E+05
M43 Plywood finishing (15 mm thickness) 3154 m’ 6.90 kg/m? 2.18 E+05
M44 Varnish 3154 m? 0.420 kg/m? 1.32 E+04
S06-E02 Interior ceilings
M45 Galvanized steel rail F530 225.02 m® 457.00 kg/m? 1.03 E+05
M46 Plasterboard (waterproof) 75.00 2 11.33  kg/m? 8.25 E+05
M47 Paint 75.00 m? 0.670  kg/m? 5.01 E+04
TOTAL MASS (g) 7.34 E+07

References for materials density are given in Appendix B
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H.3 Building B3 analysis of building configuration

Table H.2.Building B3: analysis of building configuration.

Note [tem 8 rL) Rep lVI(ag)ss Connections
S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete M02
MO1.1  Concrete 50 1 2.59 E+07 /MM

Steel (round bar 12
mm thickness)

S01-E02 Columns
MO2 Wood structure (Oak) 50 1 6.84 E+05
MO3 Varnish 3 17  6.30 E+03

M01.2 50 1  4.00 E+05

=
O

:

S02: STRUCTURAL FRAME
S02-E01 Columns

MO1

oz
MO04 Wood structure (Oak) 50 1 1.56 E+06 /M’ab/ MO06
MO5 Varnish 317 144E+04  med
S$02-E02 Beams ground floor
MO06 Wood structure (Oak) 50 1 109E+07 MOz __Me7 M09 M1 Wil
MO7 Varnish 3 17 101E+05 Mes
S$02-E03 Beams roof
MO8 Wood structure (Oak) 50 1 937E+06 MO4 Mg MI12  MI3
M09 Varnish 3 17 698E+04 Mes
$02-E04 Slab ground floor
M10 Wood structure (Oak) 50 1 3.48E+06  MO6 M11 M31
r'\]"elsi)OSB panel (25 mmthick- 55 | 139F.06 Mos M0 M3l
$02-E05 Slab roof
M12 Wood structure (Oak) 50 1 160E+06 M08  MI13

M13 Structural thermal insula-
tion panel MO8 M12 /MzS/

0SB panel (19 mm
MI31  ess) 50 1 2.41E+06 /Mlé{
MI13.2 Thermoformed XPS 50 1 201E+05 MisT

(*)Service life equals Lifespan of building element where forecast service life of materials is longer.

Where:

/NI/ is for closed connections

M, Is for open connection
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Table H.2. - Continued.

SL
(yr)

Mass

(@ Connections

Note [tem Rep

S03: FACADES AND ROOFS
S03-E01 External walls

M-14 Wood frame (Pine - 70 x

70 mm section) 50 1 6.30 E+05 M11 M13 M15 M17 M22
M15 OSB panel (19 mm thick-

nesd) 50 1 1.65E+06 M14)M6/ M18

M16 Varnish (external face 0SB 1 567 E+04 5
panel) '

M17 Mineral wool (medium 50 1
density)

M18 Wood stripe (Pine - 40 x
40 mm section)

M19 Wood board (Oak) 40 2 2.03E+06 M18 /MQO/

M20 Varnish (external face 3 17 3.75E+04 4
wood board)

M21 Wood stripe (Pine - 40 x
40 mm section)

M22 Plywood (external face) 15 4 568 E+05  ML7 Mol )0%3/

(15 mm thickness)

M23 Varnish (external face ply- 3 17 3.46 E+04 5
wood) '

S03-E02 Doors

2.68 E+05 M14 M15

40 2 1.33E+05 M15 M19

15 4 1.30E+05  M14 M17 M22

M24 Door FO1 (sliding door) M14 M19 M22

M24.1  Wood (Oak) 35 2 125E+05 M242 M243

Mo4p Doubleflatglass (68- 55 5 4 3p 05 Moa
6 thickness)

M24.3  Varnish 3 17 7.12E+03 /Mzzn/

M25 Door FO2 (sliding door) M14 M19 M22

M25.1  Wood (Oak) 35 2 633E+04 M242 Mo4T
Double flat glass (6-8-

M25.2 G imess) 35 2 234E+05 M24.1

M25.3  Varnish 3 17 3.71E+03 /Mzm/

M26 Door FO3 (sliding door) M14 M19 M22

M26.1  Wood (Oak) 35 2 121E+05 M242 Wo4S
Double flat glass (6-8-

M262 ¢ Griiess) 35 2 458E+05 M24.1

M26.3  Varnish 3 17 700E+03 w24l

(*)Service life equals Lifespan of building element where forecast service life of materials is longer.
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Table H.2. - Continued.

Note [tem (‘?/ rL) Rep M(Z)SS Connections
S03-E03 Windows
M-27 Window FO5 (hinged win- M14 M19 M22
dow)
M27.1  Wood (Oak) 35 2 4.26 E+04 M24.2 )&24/(

Double flat glass (6-8-

M27.2 6 thickness) 35 2 2.31 E+05 M24.1
M27.3  Varnish 317 173E+03 mo4T
S03-E04 Roof
M28 PVC roofing sheet 20 3 491 E+05 /M&G/
M29 Zinc sheet (1 mm thick- 50 1 133 E+05 M14 M19 M28
ness) '
S04: FLOORS
S04-E01 External floor
M30 Wood (Ipe- 27 mm thick- 30 2 116 E+06  MO6
ness) '
S04-E01 Interior floor
M31 Mineral wool (medium
density) 50 1 2.68 E+05 M10 M11 M32
M32 Wood floor
(Oak 30 mm thickness) 30 2 182E+06 MIl M3l /Mss/
M33 Varnish 15 4 335E04 M7
S05: INTERIOR PARTITION
S05-E01 Interior walls
M34 Wood frame (Pine - 70X 55 1 419F+05 w11 MI3 M35 M36 M38
70 mm section)
M35_Minera| wool (medium 50 1 291 E+05 M34 M36 M37
density)
M36 Plywood finishing (15 mm 15 4 173 E+06  M34 M35
thickness) '
M37 Varnish (plywood) 15 4 586E:04 M3
M38 Plasterboard (waterproof) 50 1 485 E+05 M35 /M89/ /MAO/
M39 Paint 15 4 426E+03 3§
M40 Ceramic tiles 30 2 4.50 E+05 /Mé’S/

(*)Service life equals Lifespan of building element where forecast service life of materials is longer.
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Table H.2. - Continued.

SL

Mass

Note [tem (vr) Rep (@ Connections
S05-E02 Doors
M41 Door FO4 (hinged door) M34 M36 M38
M41.1  Wood frame (oak) 30 2 1.39 E+04 M41.2 M
M4l refebricatedwood gy 5 420E404  MaLL /wns/
M41.3  Varmish 15 4 608BE+03 MATT MAMT
S06: CEILINGS
S06-E01 External ceilings
M42 Wood stripe (Pine — 50 x
40 mm section) 15 4 1.55 E+05 M13 M43
M43 Plywood finishing (15 mm
thicknoss) 15 4 218E+05 M42 )w/
M44 Varnish 3 17 1.32 E+04 /Méts/
S06-E01 Interior ceilings
M45 Galvanized steel rail F530 50 1 1.03E+05 M13 M46
M46 Plasterboard (waterproof) 50 1 8.25 E+05  M45 /Méﬂ/
M47 Paint 15 4 501E+04 M6

(*)Service life equals Lifespan of building element where forecast service life of materials is longer.
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H.4 Building B3: analysis of end-oflife scenarios of materials

Table H.3.  Building B3: analysis of end-of-life scenarios of materials.

End-of-life scenarios for materials mass

Mass

Note Item (g) Reuse Recycle No recovery
(8) (g) (8

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1  Concrete 2.59 E+07 2.33 E+07 2.95 E+06
M01.2  Steel (round bar) 4.00 E+05 3.80 E+05 2.00 E+04
S01-E02 Columns
M-02 Wood structure (Oak) 6.84 E+05 6.36 E+05 0 4,79 E+04
MO3 Varnish 6.30 E+03 0 0 6.30 E+03
S$02: STRUCTURAL FRAME
S$02-E01 Columns
M-04 Wood structure (Oak) 1.56 E+06 1.45 E+06 0 1.09 E+05
MO5 Varnish 1.44 E+04 0 0 1.44 E+04
S$02-E02 Beams ground floor
M-06 Wood structure (Oak) 1.09 E+07 1.01 E+07 0 7.63 E+05
MO7 Varnish 1.01 E+05 0 0 1.01 E+05
S$02-E03 Beams roof
M-08 Wood structure (Oak) 9.37 E+06 8.71 E+06 0 6.56 E+05
MQ9 Varnish 6.98 E+04 0 0 6.98 E+04
S02-E04 Slab ground floor
M10 Wood structure (Oak) 3.48 E+06 3.24 E+06 0 2.44 E+05
M11 OSB panel (25 mm thickness) 1.30 E+06 0 1.21 E+06 9.10 E+04
S02-E05 Slab roof
M12 Wood structure (Oak) 1.60 E+06 1.49 E+06 0 1.12 E+05
M13 Structural thermal insulation panel
M13.1 st'i)pa”e' (19 mm thick- 5 41 E+06 0 241 E+06 289
M13.2  Thermoformed XPS 2.01 E+05 0 2.01 E+05
S03: FACADES AND ROOFS
S03-E01 External walls
gﬂécltfo‘r’]\;md frame (Pine =70 x70mm ¢ 35 05 0 5.86 E+05  4.41 E+04
M15 OSB panel (19 mm thickness) 1.65 E+06 0 1.53 E+06 1.16 E+05

M16 Varnish (external face OSB panel)  5.67 E+04 0 0 5.67 E+04
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Table H.3. - Continued.

End-of-life scenarios for materials mass

Mass

Note ltem (g) Reuse Recycle No recovery
(8 (g) (8

M17 Mineral wool (medium density) 2.68 E+05 2.49 E+05 0 1.88 E+04

M18_ Wood stripe (Pine — 40 x 40 mm 133 F405 0 193 E405 928 E+03

section)

M19 Wood board (Oak) 2.03 E+06 0 1.89 E+06 1.42 E+05

M20 Varnish (external face wood 375 E+04 0 0 375 E+04

board)

M21 Wood stripe (Pine - 40 x 40 mm

section) 1.30E+05 0 1.21 E+05 9.11 E+03

M_22 Plywood (external face) (15 mm 568 F+05 0 528 F+05 3.98 F+04

thickness)

M23 Varnish (external face plywood) 3.46 E+04 0 0 3.46 E+04

S03-E02 Doors

M-24 Door FO1 (sliding door)

M24.1  Wood (Oak) 1.25 E+05 0 1.16 E+05 8.75 E+03
Double flat glass (6-8-6

M24.2 thickness) 4.73E+05 4.40 E+05 0 3.31 E+04

M24.3  Varnish 7.12 E+03 0 0 3.47 E+03

M-25 Door FO2 (sliding door)

M25.1  Wood (Oak) 6.33 E+04 0 5.89 E+04 4.43 E+03

M25.2  Double flat glass (6-8-6 2.34E+05  2.18 E+05 0 1.64 E+04
thickness)

M25.3  Varnish 3.71 E+03 0 0 3.47 E+03

M-26 Door FO3 (sliding door)

M26.1  Wood (Oak) 1.21 E+05 0 1.13 E+05 8.47 E+03
Double flat glass (6-8-6

M26.2 thickness) 4.58 E+05 2.18 E+05 0 3.21 E+03

M26.3  Varnish 7.00 E+03 0 0 3.47 E+03

S03-E03 Windows

M-27 Window FO5 (hinged window)

M27.1  Wood (Oak) 4.26 E+04 0 3.96 E+04 2.98 E+03
Double flat glass (6-8-6

M27.2 thickness) 2.31 E+05 2.15 E+04 0 1.62 E+03

M27.3  Varnish 1.73 E+03 0 0 3.47 E+03

S03-E04 Roof

M-28 PVC roofing sheet 4,91 E+05 0 0 4.91 E+05

M-29 Zinc sheet (1 mm thickness) 1.33 E+05 0 1.26 E+05 6.65 E+03
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Table H.3. - Continued.

End-of-life scenarios for materials mass

Mass
Note ltem (g) Reuse Recycle No recovery
(8) (8) (8)

S04: FLOORS
S04-E01 External floor
M-30 Wood (Ipe- 27 mm thickness) 1.16 E+06 0 1.08 E+06 8.12 E+04
S04-E02 Interior floor
M-31 Mineral wool (medium density) 2.68 E+05 2.49 E+05 0 1.88 E+04
M-32 Wood floor
(Oak 30 mm thickness) 1.82 E+06 0 1.69 E+06 1.27 E+05
M-33 Varnish 3.35 E+04 0 0 3.35 E+04
S05: INTERIOR PARTITION
S05-E01 Interior walls
M-34 Wood frame (Pine - 70x70mm 4 19 ¢ o5 0 389F+05 293 F+04
section)
M35 Mineral wool (medium density) 2.91 E+05 2.71 E+05 0 2.04 E+04
r'\]"egg Plywood finishing (15 mm thick- 1 73 £, 0 161 E+06  1.21 E+05
M-37 Varnish (plywood) 5.86 E+04 0 0 5.68 E+04
M-38 Plasterboard (waterproof) 4.85 E+05 0 461 E+04 243 E+04
M-39 Paint 4.26 E+03 0 0 4.26 E+03
M-40 Ceramic tiles 4.50 E+05 0 4.05 E+05 3.15 E+04
S05-E02 Doors
M-41 Door FO4 (hinged door)
M41.1  Wood frame (oak) 1.39 E+04 0 1.29 E+04 9.73 E+02
M41.2  Prefabricated wood door 4.20 E+04 0 3.91 EO4 2.94 E+03
M41.3  Varnish 6.08 E+03 0 0 6.08 E+03
S06: CEILINGS
S06-E01 External ceilings
M42 Wood stripe (Pine — 50 x 40 mm
section) 1.55 E+05 0 1.45 E+05 1.09 E+04
r'\]"eﬁ)P'yWOOd finishing (15 mm thick- —» 18 £, 05 0 203E+05 153 F+04
M44 Varnish 1.32 E+04 0 0 1.32 E+04
S06-E02 Interior ceilings
M45 Galvanized steel rail F530 1.03 E+05 0 9.99 E+04 3.09 E+03
M46 Plasterboard (waterproof) 8.25 E+05 0 8.00 E+05 4.25 E+04

M47 Paint 5.01 E+04 0 0 5.01 E+04
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EMERGY ANALYSIS OF MATERIALS FLOWS FOR BUILDINGS B1, B2, AND B3
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|.1Building B1: Emergy analysis of material flows
Table I.1. Building B1: Emergy analysis of material flows (without services).

. Data Unit Solar
Note [tem Unit (units) Solar EMERGY EMERGY

(seJ/unit) (seJ)

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1 Concrete g 2.59 E+07 3.40 E+09 8.80 E+16
MOL1.2  Steel g 4.00 E+05 5.31 E+09 2.12 E+15
S01-E02 Columns
MO2 Structural concrete
M02.1  Concrete g 2.16 E+06 3.40 E+09 7.34 E+15
M02.2 Steel g 3.19 E+05 5.31 E+09 1.69 E+15
$02: STRUCTURAL FRAME
S02-E01 Columns
MO3 Structural concrete
MO03.1 Concrete g 4.18 E+06 3.40 E+09 1.42 E+16
M03.2  Steel g 9.22 E+05 5.31 E+09 4.90 E+15
S$02-E02 Beams ground floor
MO4 Structural concrete
MO04.1 Concrete g 1.65 E+07 3.40 E+09 5.62 E+16
M04.2  Steel g 9.17 E+05 5.31 E+09 4.87 E+15
S$02-E03 Beams roof
MO5 Structural concrete
MO05.1  Concrete g 1.12 E+07 3.40 E+Q09 3.82 E+16
MO05.2  Steel g 5.84 E+05 5.31 E+09 3.10 E+15
S$02-E04 Slab ground floor
MO6 Structural concrete
M06.1  Concrete g 7.34 E+07 3.40 E+09 2.49 E+17
M06.2  Steel g 3.34 E+06 5.31 E+09 1.77 E+16
MOQ7 Mortar g 6.64 E+06 2.51 E+09 1.67+16
S$02-E05 Slab roof
MO8 Structural concrete
M08.1 Concrete g 5.17 E+07 3.40 E+09 1.76 E+17
M08.2  Steel g 2.33 E+06 5.31 E+09 1.24 E+16
MQ9 Mortar g 1.33 E+07 2.51 E+09 3.34 E+16

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table I.1. = Continued.

_ Data Unit Solar

Note [tem Unit (units) Solar EME.RGY EMERGY
(seJ/unit) (sed)

S03: FACADES AND ROOFS
S03-E01 External walls
M10 Ceramic hollow brick masonry (200 mm thickness)
M10.1 Ceramic hollow brick (200 mm thickness) g 9.08 E+06 4,23 E+09 3.84 E+16
M10.2 Mortar (masonry) g 6.92 E+06 2.51 E+09 1.74 E+16
M11 Mortar (rendering) g 1.33 E+07 2.30 E+09 1.31 E+16
M12 Thermal insulation (Thermoformed EPS) g 3.55 E+04 1.39 E+10 493 E+14
M13 Paint g 8.28 E+04 3.35 E+09 2.77 E+14
S03-E02 Doors
M14 Door FO1 (sliding door)
M14.1  Aluminium g 8.19 E+04 6.85 E+10 4.69 E+15
M14.2  Double flat glass (6-8-6 thickness) g 4.70E+05 7.69 E+09 3.61 E+15
M14.3  Wood (Oak) g 1.40 E+04 1.40 E+09 1.96 E+13
M14.4  Varnish g 5.47 E+02 3.11 E+09 1.70 E+12
M15 Door FO2 (sliding door)
M15.1  Aluminium g 2.06 E+04 6.85 E+10 1.25 E+15
M15.2 Double flat glass (6-8-6 thickness) g 2.29 E+05 7.69 E+09 1.76 E+15
M15.3  Wood (Oak) g 9.91 E+03 1.40 E+09 1.39 E+13
M15.4  Varnish g 3.51 E+02 3.11 E+09 1.09 E+12
M16 Door FO3 (sliding door)
M16.1 Aluminium g 4.10 E+04 6.85 E+10 2.48 E+15
M16.2 Double flat glass (6-8-6 thickness) g 452 E+05 7.69 E+09 3.48 E+15
M16.3  Wood (Oak) g 1.48 E+04 1.40 E+09 2.07 E+13
M16.4  Varnish g 5.28 E+02 3.11 E+09 1.64 E+12
S03-E03 Windows
M17 Window FO5 (hinged window)
M17.1 Aluminium g 1.97 E+04 6.85 E+10 1.19 E+15
M17.2 Double flat glass (6-8-6 thickness) g 1.72E+05 7.69 E+09 1.32 E+15
M17.3  Wood (Oak) g 2.73 E+04 1.40 E+09 3.82 E+13
M17.4  Varnish g 6.85 E+02 3.11 E+09 2.13 E+12
S03-E04 Roof
M18 Asphalt sheet g 491 E+05 7.96 E+08 3.91 E+14
M19 Thermal insulation (Thermoformed XPS) g 1.51 E+05 1.39 E+10 2.10 E+15
M20 Gravel g 1.29 E+07 2.24 E+09 3.82 E+16
M21 Zinc sheet (1 mm thickness) g 1.33 E+05 1.14 E+11 1.52 E+16

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table I.1. — Continued.

_ Data Unit Solar
Note [tem Unit (units) Solar EME.RGY EMERGY

(seJ/unit) (sed)

S04: FLOORS
S04-E01 External floor
M22 Granite floor
M22.1 Granite tiles (30 mm thickness g 8.08 E+06 4,11 E+09 3.32 E+16
M22.2  Mortar g 3.96 E+06 2.51 E+09 9.94 E+15
S04-E02 Interior floor
M23 Asphalt sheet g 1.28 E+06 7.96 E+08 1.02 E+15
M24 Thermal insulation (Thermoformed XPS) g 7.46 E+04 1.39 E+10 1.04 E+15
M25 Mortar g 8.73 E+06 2.51 E+09 2.19 E+16
M26 Wood frame (Pine) g 2.64 E+05 1.40 E+09 3.70 E+14
M27 Wood floor (Oak 30 mm thickness) g 1.48 E+06 2.09 E+09 3.09 E+15
M28 Varnish (wood floor) g 2.73 E+04 3.11 E+09 8.49 E+13
M29 Marble floor
M29.1 Marble tiles (20 mm thickness) g 3.08 E+05 1.21 E+10 3.73 E+15
M29.2  Mortar g 5.47 E+05 2.51 E+09 1.37 E+15
S05: INTERIOR PARTITION
S05-E01 Interior walls
M30 Ceramic hollow brick masonry (110 mm thickness)
M30.1  Ceramic hollow brick (110 mm thickness) g 2.33 E+06 4.23 E+09 9.68 E+15
M30.2  Mortar (masonry) g 1.24 E+06 2.51 E+09 3.36 E+15
M31 Mortar (rendering) g 4.65 E+06 2.30 E+09 1.07 E+16
M32 Plaster g 2.44 E+05 1.64 E+09 4.00 E+14
M33 Paint g 5.97 E+04 3.35 E+09 2.00 E+14
M34 Plywood finishing (15 mm thickness) g 3.66 E+04 2.74 E+09 1.00 E+14
M35 Varnish (plywood) g 2.23 E+03 3.11 E+09 6.94 E+12
M36 Wood foot panel (Oak) g 1.87 E+04 1.40 E+09 2.62 E+13
M37 Varnish (wood foot panel) g 8.49 E+02 3.11 E+09 2.64 E+12
M38 Ceramic tiles g 5.12 E+05 3.32 E+09 1.70 E+15
S05-E02 Doors
M39 Door FO4 (hinged door)
M39.1  Wood frame (oak) g 6.63 E+04 1.40 E+09 9.28 E+13
M39.2 Prefabricated wood door g 4.20 E+04 1.40 E+09 5.88 E+13
M39.3  Varnish g 6.04 E+03 3.11 E+09 1.88 E+13

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table I.1. = Continued.

_ Data Unit Solar

Note ltem Unit (units) Solar EME.RGY EMERGY
(seJ/unit) (sed)

S06: CEILINGS
S06-E01 External ceilings
M40 Mortar (rendering) g 1.14 E+06 2.30 E+09 2.62 E+15
M41 Thermal insulation (Thermoformed XPS) g 455 E+04 1.39 E+10 6.32 E+14
M42 Paint g 2.17 E+04 3.35 E+09 7.27 E+13
S06-E02 Interior ceilings
M43 Mortar (rendering) g 2.74 E+06 2.30 E+09 5.68 E+15
M44 Plaster g 3.52 E+02 1.64 E+09 5.77 E+11
M45 Paint g 4.69 E+04 3.35 E+09 1.57 E+14
Total EMERGY initial input 9.73 E+17

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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|.2 Building B2: Emergy analysis of material flows
Table I.2. Building B2: Emergy analysis of material flows (without services).

. Data Unit Solar
Note [tem Unit (units) Solar EMERGY EMERGY

(seJ/unit) (seJ)

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1 Concrete g 2.59 E+07 3.40 E+09 8.80 E+16
MOL1.2  Steel g 4.00 E+05 5.31 E+09 2.12 E+15
S01-E02 Columns
MO2 Galvanized steel (HEB 200 section) g 9.50 E+05 5.31 E+09 5.04 E+15
MO3 Paint g 1.60 E+04 3.11 E+09 498 E+13
$02: STRUCTURAL FRAME
S02-E01 Columns
MO04 Galvanized steel (HEB 200 section) g 1.79 E+06 5.31 E+09 9.50 E+15
MO5 Paint g 3.02 E+04 3.11 E+09 9.39 E+13
S$02-E02 Beams ground floor
MO6 Galvanized steel (HEB 200 section) g 5.62 E+06 5.31 E+09 2.98 E+16
MQ7 Paint (HEB 200) g 9.49 E+04 3.11 E+09 295 E+14
MO8 Galvanized steel (IPN 140 section) g 1.56 E+06 5.31 E+09 8.28 E+15
MOQ9 Paint (IPN 140) g 5.35 E+04 3.11 E+09 1.66 E+14
$02-E03 Beams roof
M10 Galvanized steel (HEB 200 section) g 4.20 E+06 5.31 E+09 2.23 E+16
M11 Paint (HEB 200) g 7.09 E+04 3.11 E+09 220 E+14
M12 Galvanized steel (IPN 140 section) g 1.17 E+06 5.31 E+09 6.21 E+15
M13 Paint (IPN 140) g 4.01 E+04 3.11 E+09 1.25 E+14
S02-E04 Slab ground floor
M14 OSB panel (25 mm thickness) g 1.32 E+06 1.92 E+09 2.53 E+15
S$02-E05 Slab roof
M15 Structural thermal insulation panel
M15.1 0SB panel (19 mm thickness) g 2.41 E+06 1.92 E+09 463 E+13
M15.2  Thermoformed XPS g 2.32 E+05 1.39 E+10 3.22 E+15
M16 Wood frame (Pine) g 9.07 E+05 1.40 E+09 1.27 E+15
M17 OSB panel (25 mm thickness) g 1.91 E+06 1.92 E+09 3.67 E+15

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table I.2. — Continued.

_ Data Unit Solar

Note [tem Unit (units) Solar EME.RGY EMERGY
(seJ/unit) (sed)

S03: FACADES AND ROOFS
S03-E01 External walls
M18 Galvanized steel frame g 2.98 E+05 5.31 E+09 1.58 E+15
M19 OSB panel (19 mm thickness) g 3.54 E+05 1.92 E+09 6.80 E+14
M20 Varnish (external face OSB panel) g 4.10 E+04 3.11 E+09 1.28 E+14
M21 Mineral wool (medium density) g 4.16 E+05 3.09 E+09 1.29 E+15
M22 Plasterboard g 1.18 E+06 2.41 E+09 2.84 E+15
M23 Paint g 7.45 E+04 3.35 E+09 2.50 E+14
M24 Wood stripe (Pine — 40 x 40 mm section) g 2.78 E+05 1.40 E+09 3.89 E+14
M25 Galvanized steel plate (1 mm thickness) g 3.89 E+04 5.31 E+09 2.07 E+14
;‘8276522;2“5;5(?] fsal‘)’amzed steel plate g 4.29 E+05 531E+09 228 E+15
S03-E02 Doors
M27 Door FO1 (sliding door)
M27.1  Aluminium g 8.19 E+04 6.85 E+10 4,96 E+15
M27.2  Double flat glass (6-8-6 thickness) g 4.70E+05 7.69 E+09 3.61 E+15
M27.3  Wood (Oak) g 1.40 E+04 1.40 E+09 1.96 E+13
M27.4  Varnish g 5.47 E+02 3.11 E+09 1.70 E+12
M28 Door FO2 (sliding door)
M28.1  Aluminium g 2.06 E+04 6.85 E+10 1.25 E+15
M28.2 Double flat glass (6-8-6 thickness) g 2.29 E+05 7.69 E+09 1.76 E+15
M28.3  Wood (Oak) g 9.91 E+03 1.40 E+09 1.39 E+13
M28.4  Varnish g 3.51 E+02 3.11 E+09 1.09 E+12
M29 Door FO3 (sliding door)
M29.1 Aluminium g 4,10 E+04 6.85 E+10 2.48 E+15
M29.2  Double flat glass (6-8-6 thickness) g 4.52 E+05 7.69 E+09 3.48 E+15
M29.3  Wood (Oak) g 1.48 E+04 1.40 E+09 2.07 E+13
M29.4  Varnish g 5.28 E+02 3.11 E+09 1.64 E+12
S03-E03 Windows
M30 Window FO5 (hinged window)
M30.1  Aluminium g 1.97 E+04 6.85 E+10 1.19 E+15
M30.2  Double flat glass (6-8-6 thickness) g 1.72E+05 7.69 E+09 1.32 E+15
M30.3  Wood (Oak) g 2.73 E+04 1.40 E+09 3.82 E+13
M30.4  Varnish g 6.85 E+02 3.11 E+09 2.13 E+12

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table 1.2. — Continued.

_ Data Unit Solar
Note ltem Unit (units) Solar EME.RGY EMERGY

(seJ/unit) (sed)

S03-E04 Roof
M31 PVC roofing sheet g 1.06 E+06 9.68 E+08 1.03 E+16
M32 Stainless steel plate (1 mm thickness) g 9.01 E+04 5.31 E+09 478 E+14
S04: FLOORS
S04-E01 External floor
M33 Wood plastic composite deck (30 mm thickness) g 1.57 E+06 9.42 E+09 1.48 E+16
S04-E02 Interior floor
M34 Mineral wool (medium density) g 7.40 E+05 3.09 E+09 2.29 E+15
M35 Wood frame (Pine) g 1.12 E+06 1.40 E+09 1.57 E+15
M36 Wood floor (Oak 30 mm thickness) g 1.48 E+06 2.09 E+09 3.09 E+15
M37 Varnish g 3.15 E+04 3.11 E+09 9.80 E+13
S05: INTERIOR PARTITION
S05-E01 Interior walls
M38 Galvanized steel frame g 6.70 E+04 5.31 E+09 3.56 E+14
M39 Mineral wool (medium density) g 1.09 E+05 3.09 E+09 3.37 E+14
M40 Plasterboard g 1.50 E+06 2.41 E+09 3.62 E+15
M41 Paint g 4.16 E+04 3.35 E+09 1.39 E+14
M42 Wood foot panel (Oak) g 1.39 E+04 1.40 E+09 1.95E+13
M43 Varnish (wood foot panel) g 2.26 E+03 3.11 E+09 7.03 E+12
M44 Ceramic tiles g 4,74 E+05 3.32 E+09 1.57 E+15
S05-E02 Doors
M45 Door FO4 (hinged door)
M45.1 Wood frame (oak) g 6.63 E+04 1.40 E+09 9.28 E+13
M45.2 Prefabricated wood door g 4,20 E+04 1.40 E+09 5.88 E+13
M45.3  Varnish g 6.04 E+03 3.11 E+09 1.88 E+13
S$06: CEILINGS
S06-E01 External ceilings
M46 Wood stripe (Pine — 40 x 40 mm section) g 5.64 E+04 1.40 E+09 7.90 E+13
M47 Galvanized steel plate (1 mm thickness) g 1.82 E+05 5.31 E+09 9.66 E+14
S06-E02 Interior ceilings
M48 Galvanized steel rail F530 g 9.93 E+04 5.31 E+09 5.27 E+14
M49 Plasterboard (waterproof) g 8.20 E+05 2.41 E+09 1.98 E+15
M50 Paint g 4.84 E+04 3.35 E+09 1.62 E+14
Total EMERGY initial input 2.60 E+17

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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|.3Building B3: Emergy analysis of material flows

Table I.3. Building B3: Emergy analysis of material flows (without services).

. Data Unit Solar

Note ltem Unit (units) Solar EME_RGY EMERGY
(seJ/unit) (seJ)

S01: FOUNDATIONS
S01-E01 Square base
MO1 Structural concrete
MO1.1  Concrete g 2.59 E+07 3.40 E+09 8.80 E+16
MO01.2  Steel g 4.00 E+05 5.31 E+09 2.12 E+15
S01-E02 Columns
MO2 Wood structure (Oak) g 6.84 E+05 1.40 E+09 9.58 E+14
MO3 Varnish g 6.30 E+03 3.11 E+09 1.96 E+13
$02: STRUCTURAL FRAME
S$02-E01 Columns
MO4 Wood structure (Oak) g 1.56 E+06 1.40 E+09 2.18 E+15
MO5 Varnish g 1.44 E+04 3.11 E+09 448 E+13
S$02-E02 Beams ground floor
MO6 Wood structure (Oak) g 1.09 E+07 1.40 E+Q09 1.53 E+16
MO7 Varnish g 1.01 E+05 3.11 E+09 3.14 E+14
S02-E03 Beams roof
MO8 Wood structure (Oak) g 9.37 E+06 1.40 E+09 1.31 E+16
MO9 Varnish g 6.98 E+04 3.11 E+09 2.17 E+14
S$02-E04 Slab ground floor
M10 Wood structure (Oak) g 3.48 E+06 1.40 E+09 4.87 E+15
M11 OSB panel (25 mm thickness) g 1.30 E+06 1.92 E+09 2.50 E+15
S02-E05 Slab roof
M12 Wood structure (Oak) g 1.60 E+06 1.40 E+09 2.24 E+15
M13 Structural thermal insulation panel
M13.1  OSB panel (19 mm thickness) g 2.41 E+06 1.92 E+09 4,63 E+15
M13.2  Thermoformed XPS g 2.01 E+05 1.39 E+10 2.79 E+15

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table I.3. — Continued.

_ Data Unit Solar
Note [tem Unit (units) Solar EME.RGY EMERGY

(seJ/unit) (sed)

S03: FACADES AND ROOFS
S03-E01 External walls
M14 Wood frame (Pine — 70 x 70 mm section) g 6.30 E+05 1.40 E+09 8.82 E+14
M15 OSB panel (19 mm thickness) g 1.65 E+06 1.92 E+09 3.17 E+15
M16 Varnish (external face OSB panel) g 5.67 E+04 3.11 E+09 1.76 E+14
M17 Mineral wool (medium density) g 2.68 E+05 3.09 E+09 8.28 E+14
M18 Wood stripe (Pine — 40 x 40 mm section) g 1.33 E+05 1.40 E+09 1.86 E+14
M19 Wood board (Oak) g 2.03 E+06 1.40 E+09 2.84 E+15
M20 Varnish (external face wood board) 3.75 E+04 3.11 E+09 1.17 E+14
M21 Wood stripe (Pine - 40 x 40 mm section) g 1.30E+05 1.40 E+09 1.82 E+14
M22 Plywood (external face) (15 mm thickness) g 5.68 E+05 2.74 E+09 1.56 E+15
M23 Varnish (external face plywood) g 3.46 E+04 3.11 E+09 1.08 E+14
S03-E02 Doors
M24 Door FO1 (sliding door)
M24.1  Wood (Oak) g 1.25 E+05 1.40 E+09 1.75 E+14
M24.2  Double flat glass (6-8-6 thickness) g 4.73 E+05 7.69 E+09 3.64 E+15
M24.3  Varnish g 7.12 E+03 3.11 E+09 2.21 E+13
M25 Door FO2 (sliding door)
M25.1  Wood (Oak) g 6.33 E+04 1.40 E+09 8.86 E+13
M25.2 Double flat glass (6-8-6 thickness) g 2.34 E+05 7.69 E+09 1.80 E+15
M25.3  Varnish g 3.71 E+03 3.11 E+09 1.15 E+13
M26 Door FO3 (sliding door)
M26.1  Wood (Oak) g 1.21 E+05 1.40 E+09 1.69 E+14
M26.2 Double flat glass (6-8-6 thickness) g 4.58 E+05 7.69 E+09 3.52 E+15
M26.3  Varnish g 7.00 E+03 3.11 E+09 2.18 E+13
S03-E03 Windows
M27 Window FO5 (hinged window)
M27.1  Wood (Oak) g 4.26 E+04 1.40 E+09 5.96 E+13
M27.2 Double flat glass (6-8-6 thickness) g 2.31 E+04 7.69 E+09 1.78 E+14
M27.3  Varnish g 1.73 E+03 3.11 E+09 5.38 E+12
S03-E04 Roof
M28 PVC roofing sheet g 491 E+05 9.68 E+09 475 E+15
M29 Zinc sheet (1 mm thickness) g 1.33 E+05 1.14 E+11 1.52 E+16

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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Table 1.3. — Continued.

_ Data Unit Solar

Note ltem Unit (units) Solar EME.RGY EMERGY
(seJ/unit) (sed)

S04: FLOORS
S04-E01 External floor
M30 Wood (Ipe- 27 mm thickness) g 1.16 E+06 1.40 E+09 1.62 E+15
S04-E02 Interior floor
M31 Mineral wool (medium density) g 2.68 E+05 3.09 E+09 8.28 E+14
M32 Wood floor (Oak 30 mm thickness) g 1.82 E+06 2.09 E+09 3.80 E+15
M33 Varnish g 3.35 E+04 3.11 E+09 1.04 E+14
S05: INTERIOR PARTITION
S05-E01 Interior walls
M34 Wood frame (Pine = 70 x 70 mm section) g 4.19 E+05 1.40 E+09 5.86 E+14
M35 Mineral wool (medium density) g 2.91 E+05 3.09 E+09 899 E+14
M36 Plywood finishing (15 mm thickness) g 1.73 E+06 2.74 E+09 474 E+15
M37 Varnish (plywood) g 5.86 E+04 3.11 E+09 1.82 E+14
M38 Plasterboard (waterproof) g 4.85 E+04 2.41 E+09 1.17 E+14
M39 Paint g 4.26 E+03 3.35 E+09 1.43 E+13
M40 Ceramic tiles g 4.50 E+05 3.32 E+09 1.49 E+15
S05-E02 Doors
M41 Door FO4 (hinged door)
M41.1  Wood frame (oak) g 1.39 E+04 1.40 E+09 1.95E+13
M41.2 Prefabricated wood door g 420 E+04 1.40 E+09 5.88 E+13
M41.3  Varnish g 6.08 E+03 3.11 E+09 1.89 E+13
S$06: CEILINGS
S06-E01 External ceilings
M42 Wood stripe (Pine — 50 x 40 mm section) g 1.55 E+05 1.40 E+09 2.18 E+14
M43 Plywood finishing (15 mm thickness) g 2.18 E+05 2.74 E+09 5.97 E+14
M44 Varnish g 1.32 E+04 3.11 E+09 411 E+13
S06-E02 Interiorl ceilings
M45 Galvanized steel rail F530 g 1.03 E+05 5.31 E+09 5.47 E+14
M46 Plasterboard (waterproof) g 8.50 E+05 2.41 E+09 2.05 E+15
M47 Paint g 5.01 E+04 3.35 E+09 1.68 E+14
Total EMERGY initial input 1.97 E+17

See Appendix C for references on Unit Solar Emergy sources and Appendix F for mass input.
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that will be replaced by recovered materials of buildings B1, B2, and B3

J.1  Building Bi. Emergy evaluation of best options for materials that will be substituted by

recovered materials

Table J.1. Building B1: Emergy evaluation of best options for materials that will be substituted by recov-
ered materials.

Dat SUorI]zi;[r Solar
Note Mi Note MSi Unit ° tz) EMERGY El\(/lgj;?Y
(seJ/unit)
MO1 Structural concrete
MO1.1  Concrete MSO01.1 Granite g 241 E+07 8.40E+08 2.02 E+16
MO01.2  Steel MS01.2  Pigiron g 3.72E+05 3.34E+09 1.24E+15
MO2 Structural concrete
M02.1  Concrete MS02.1 Granite g 201 E+06 8.40E+08 1.69 E+15
M02.2  Steel MS02.2  Pigiron g 297 E+05 3.34E+09 9.91E+14
MO3 Structural concrete
MO03.1  Concrete MS03.1 Granite g 3.88E+06 8.40E+08 3.26 E+15
M03.2  Steel MS03.2  Pigiron g 858 E+05 3.34E+09 2.68 E+15
MO4 Structural concrete
MO04.1  Concrete MS04.1 Granite g 1.54 E+07 8.40E+08 1.29 E+16
M04.2  Steel MS04.2  Pigiron g 853 E+05 3.34E+09 2.85E+15
MO5 Structural concrete
MO05.1  Concrete MS05.1 Granite g 1.04 E+07 8.40E+08 8.77 E+15
M05.2  Steel MS05.2  Pigiron g 543 E+05 3.34E+09  1.81 E+15
MO6 Structural concrete
M06.1  Concrete MS06.1 Granite g 6.82 E+07 8.40E+08 5.73 E+16
M06.2  Steel MS06.2 Pigiron g 3.10 E+06  3.34 E+09 1.04 E+16
MO7 Mortar MSQ7 A Granite g 598 E+06 1.68 E+09  5.02 E+15
MO8 Structural concrete
M08.1  Concrete MS08.1 Granite g 480 E+07 8.40E+08 4.04E+16
M08.2  Steel MS08.2  Pigiron g 2.17 E+06 3.34E+09 7.24 E+15
M09 Mortar MSQ9 Granite g 1.20 E+07 8.40E+08 1.01 E+16
M10 Ceramic hollow brick masonry (200 mm thickness)
M10.1 ﬁglrlgwigrick MS10.1 Granite g 817E+06 840E+08 6.85E+15
M10.2  Mortarl MS10.2 Granite g 6.23 E+06 8.40 E+08 5.23 E+15
M11 Mortar (rendering) MS11 Granite g 5.12 E+06 8.40 E+08  4.30 E+15
M12 Thermal insulation
(Thermoformed EPS out MS12 None g 0 0 0
insulation)

M13 Paint MS13 None g 0 0 0
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Table J.1. - Continued.

Unit

Note Mi Note MSi unit Data Solar ENeRGY
(units) EMERGY (seJ)
(seJ/unit)
M14 Door FO1 (sliding door)
M14.1  Aluminium Ms14.] Aluminium g 7.78E+04 450E+10 3.50 E+15
(primary ingot)

Double flat glass
M14.2 (6-8-6 thickness) MS14.2 Flat glass g 437 E+05 7.69E+09  3.36 E+15
M14.3  Wood (Oak) MS14.3 Wood logs g 1.30 E+04 6.79E+08 8.84 E+12
M14.4  Varnish MS14.4 None g 0 0 0
M15 Door FO2 (sliding door)

. Aluminium

M15.1  Aluminium MS15.1 {primary ingot) g 196 E+04 450E+10 8.81 E+14

Double flat glass
M15.2 (6-8-6 thickness) MS15.2 Flat glass g 2.13E+05 7.69E+09 1.64E+15
M15.3  Wood (Oak) MS15.3  Wood logs g 9.22 E+03 6.79 E+08 6.26 E+12
M15.4  Varnish MS15.4 None g 0 0 0
M16 Door FO3 (sliding door)

. Aluminium

M16.1  Aluminium MS16.1 {primary ingot) g 3.90 E+04 450E+10 1.75E+15

Double flat glass
M16.2 (6-8-6 thickness) MS16.2 Flat glass g 420 E+05 7.69 E+09  3.23 E+15
M16.3  Wood (Oak) MS16.3 Wood logs g 1.38E+04 6.79E+08 9.35E+12
M16.4  Varnish MS16.4 None g 0 0 0
M17 Window FO5 (hinged window)
M17.1  Aluminium Ms17.1 Aluminium g 187E+04 450E+10 8.42E+14

(primary ingot)

Double flat glass
M17.2 (6-8-6 thickness) MS17.2 Flat glass g 1.60E+05 7.69E+09 1.23 E+15
M17.3  Wood (Oak) MS17.3 Wood logs g 254 E+04 6.79E+08 1.72 E+13
M17.4  Varnish MS17.4 None g 0 0 0
M18 Asphalt sheet MS18 None g 0 0 0
M19 Thermal insulation
(Thermoformed XPS) MS13 None g 0 0 0
M20 Gravel MS20 Gravel g 1.16 E+07 2,24E+09 2.60 E+16
M21 Zinc sheet MS21 Zinc g 126E+05 1.14E+11 1.44E+16
(I mm thickness)
M22 Granite floor
M22.1 Granitetiles (30 o3 1 Granite g 727E+06 840E+08 6.11E+15

mm thickness
M22.2  Mortar MS23.2 Granite g 3.56 E+06 8.40 E+08 2.99 E+15
M23 Asphalt sheet MS23 None g 0 0 0
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that will be replaced by recovered materials of buildings B1, B2, and B3

Table J.1. - Continued.

Note Mi Note MSi unit ~ Data Sor EMEnGy
(units) EMERGY (seJ)
(seJ/unit)

M24 Thermal insulation MS24 None g 0 0 0

M25 Mortar MS25 Granite 7.86 E+06 8.40 E+08  6.60 E+15

M26 Wood frame (Pine) MS26 Wood logs g 246 E+05 6.79 E+08 556 E+12

M27 Wood floor

(Oak 30 mm thickness) MS27 Wood logs g 1.38E+06 6.79E+08  3.12 E+13

M28 Varnish (wood floor) MS28 None g 0 0 0

M29 Marble floor

M29.1 Marbletiles (20 yiorg 1 Granite g 277E+05 840E+08 2.33E+14
mm thickness)

M29.2  Mortar MS29.2 Granite g 492 E+05 8.40E+08 4.14E+14

M30 Ceramic hollow brick masonry (110 mm thickness)

mM30,1  Ceramic MS30.1 Granite g 210E+06 8.40E+08 1.76E+15
hollow brick

M30.2  Mortar MS30.2 Granite g 1.12 E+05 8.40E+08 9.73E+13

M31 Mortar (rendering) MS31 Granite g 419E+06 8.40E+08 3.52 E+15

M32 Plaster MS32 Granite g 2.20E+05 8.40E+08 1.84E+14

M33 Paint MS33 None g 0 0 0

M34 Plywood finishing (15 1934 ¢ombustion J 511E+08 185F+04 9.45EF+12

mm thickness)

M35 Varnish (plywood) MS35 None g 0 0 0

'(\gi%woc’d foot panel MS36 Wood logs g 174E+04 679E+08 1.18E+13

M37 Varnish

(wood foot panel) MS37 None 8 0 0 0

M38 Ceramic tiles MS38 Granite g 461 E+05 8.40E+08 3.87 E+14

M39 Door FO4 (hinged door)

M39.1 o TeMme  Ms39.1 Wood logs g 6.17E+04 679E+08 419E+13

M3g.p Frefabricated yg3q 5 Wood ogs g 391F+04 679F+08 2.65EF+13
wood door

M39.3  Varnish MS39.3 None g 0 0 0

M40 Mortar (rendering) MS40 Granite g 1.03E+06 8.40E+08 8.62 E+14

M41 Thermal insulation

(Thermoformed EPS out MS41 None g 0 0 0

insulation)

M42 Paint MS42 None g 0 0 0

M43 Mortar (rendering) MS43 Granite g 2.22 E+06 840 E+08 1.87 E+15

M44 Plaster MS44 Granite g 3.17 E+02 8.40 E+08  2.66 E+11

M45 Paint MS45 None g 0 0 0

See Appendix C for references on Unit Solar Emergy sources.
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J.2  Building B2: Emergy evaluation of best options for materials that will be substituted by

recovered materials

Table J.2. Building B2: Emergy evaluation of best options for materials that will be substituted by recov-

ered materials.

Unit Solar
) . . Data Solar
Note Mi Note MSi Unit (units) EMERGY EI\(/ISEI}EY
(sed/unit)
MO1 Structural concrete
MO1.1  Concrete MS01.1 Granite 241 E+07 8.40 E+08 2.02 E+16
M01.2  Steel MS01.2 Pigiron 3.72E+05 3.34E+09 1.24E+15
MO2 Galvanized steel '
(HEB 200 section) MS02 Steel profiles g 9.22 E+05 5.31 E+09  4.89 E+15
MO3 Paint MS03 None g 0 0 0
MO04 Galvanized steel )
(HEB 200 section) MS04 Steel profiles g 1.74E+06 531 E+09 9.22 E+15
MO5 Paint MSO05 None g 0 0 0
MO6 Galvanized steel )
(HEB 200 section) MSO06 Steel profiles g 5.45E+06 5.31 E+09 2.89 E+16
MQ7 Paint MSO07 None g 0 0 0
MO8 Galvanized steel (IPN 156 steel profiles g 151E+06 531E+09 8.04E+15
140 section)
MQ9 Paint (IPN 140) MS09 None g 0 0 0
M10 Galvanized steel .
(HEB 200 section) MS10 Steel profiles g 4.07 E+06 5.31 E+09 2.16 E+16
M11 Paint MS11 None g 0 0 0
M12 Galvanized steel (IPN )
140 section) MS12 Steel profiles g 1.13E+06 531 E+09 6.03 E+15
M13 Paint MS13 None g 0 0 0
M14 OSB panel (25 mm .
thickness) MS14 Combustion J 844 E+05 1.85E+04 3.41 E+14
M15 Structural thermal insulation panel
OSB panel (19
M15.1 mm thickness) MS15.1 None g 0 0 0
Mi52 Jhermoformed 150 None g 0 0 0
XPS
M16 Wood frame (Pine) MS16 Wood logs g 8.44E+05 6.79E+08 5.73E+14
M17 OSB panel (25 mm .
thickness) MS17 Combustion J 266 E+10 185E+04 493 E+14
]'c\falnfeGa'Va”ized steel MS18 Pig iron g 289FE+05 334E+09 9.65E+14
M19 OSB panel (19 mm 1519 combustion ) 494E+09 185E+04 9.14E+13
thickness)
M20 Varnish MS20 None g 0 0 0
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that will be replaced by recovered materials of buildings B1, B2, and B3
Table J.2. - Continued.
Note Note MSi unit ~ Data Sor EMEnGy
(units) EMERGY (seJ)
(seJ/unit)
M21 Mineral wool (me- .
dium density) MS21 Mineral wool g 3.87 E+05 3.09 E+09 1.20 E+15
M22 Plasterboard MS22 Gypsum 1.12E+06 1.68E+09 1.88E+1b
M23 Paint MS23 None 0 0 0
M24 Wood stripe (Pine -
40 x 40 mm section) MS24 Wood logs g 259 E+05 6.79E+08 1.76 E+14
M25 Galvanized steel plate o
(1 mm thickness) MS25 Pig iron g 3.77 E+05 3.34E+09 1.26 E+14
M26 Corrugated galva-
nized steel plate (0.75 mm MS26 Pig iron g 416 E+05 3.34 E+09 1.39 E+15
thickness)
M27 Door FO1 (sliding door)
. Aluminium
M27.1  Aluminium MS27.1 (primary ingot) g 778 E+04 450 E+10 3.50 E+15
Double flat glass :
M27.2 (6-86 thickness) MS27.2  Granite g 437 E+05 7.69E+09  3.36 E+15
M27.3  Wood (Oak) MS27.3  Wood logs 1.30 E+04 6.79E+08 8.84 E+12
M27.4  Varnish MS27.4  None 0 0 0
M28 Door FO2 (sliding door)
. Aluminium
M28.1  Aluminium MS27.1 (primary ingot g 1.71E+04 450E+10 7.67 E+14
Double flat glass :
M28.2 (6-86 thickness) MS27.2  Granite g 2.14 E+05 7.69E+09 1.64E+15
M28.3  Wood (Oak) MS27.3  Wood logs g 6.60 E+03 6.79 E+08  4.48 E+12
M28.4  Varnish MS27.4  None 0 0 0
M29 Door FO3 (sliding door)
. Aluminium
M29.1  Aluminium MS29.1 (primary ingot) g 3.14E+04 450E+10 1.41E+15
Double flat glass .
M29.2 (6-86 thickness) MS29.2  Granite g 425E+05 7.69 E+09  3.27 E+15
M29.3  Wood (Oak) MS29.3  Wood logs g 9.90 E+03 6.79 E+08 6.73 E+12
M29.4  Varnish MS29.4 None 0 0 0
M30 Window FO5 (hinged window)
. Aluminium
M30.1  Aluminium MS30.1 (primary ingot) g 838 E+03 4.50E+10 3.77 E+14
Double flat glass :
M30.2 (6-86 thickness) MS30.2 Granite g 1.86 E+04 7.69 E+09 1.43E+14
M30.3  Wood (Oak) MS30.3  Wood logs g 2.38E+04 6.79E+08 1.61 E+13
M30.4  Varnish MS30.4 None 0 0 0
M31 PVC Roofing sheet MS31 None g 0 0 0
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Unit

Data Solar Solar
Note Mi Note MSi Unit (units) EMERGY EMERGY
(seJ/unit) (seJ)
M32 Stainless steel plate .
(1 mm thickness) MS32 Pig iron g 8.38E+04 3.34E+09 2.80E+14
M33 Wood plastic com-
posite deck (30 mm thick-  MS33 Plastic lumber g 1.46 E+06  9.24 E+09 1.38 E+16
ness)
M34 Mineral wool (me- .
dium density) MS34 Mineral wool g 6.88 E+05 3.09 E+09  2.13 E+15
M35 Wood frame (Pine) MS35 Wood logs g 1.04 E+06 6.79 E+08  7.07 E+15
M36 Wood floor
(Oak 30 mm thickness) MS36 Wood logs g 1.38E+06 6.79 E+08 9.35E+14
M37 Varnish MS37 None g 0 0 0
1138 Galvanized steel MS38 Pig iron g 650F+04 334F+09 2.17E+14
M39 Mineral wool (me- .
dium density) MS39 Mineral wool g 1.01 E+05 3.09E+09 3.13E+14
M40 Plasterboard MS40 Gypsum 1.43E+05 1.68E+09 2.39 E+15
M41 Paint MS41 None g 0 0 0
'(‘g‘;f()wo‘)d foot panel MS42 Wood logs g 129E+04 679E+08 878E+12
M43 Varnish MS43 None 0 0 0
M44 Ceramic tiles MS44 Granite g 427 E+05 8.40E+08 3.58 E+14
M45 Door FO4 (hinged door)
M45.1 \(’xgﬁf frame MS45.1  Wood logs g 6.17E+04 679E+08 419 E+13
Prefabricated
M45.2 wood door MS45.2  Wood logs g 3.91 E+04 6.79E+08 2.65E+13
M45.3  Varnish MS45.3  None g 0 0 0
M46 Wood stripe (Pine —
40 x 40 mm section) MS46 Wood logs g 525 E+04 6.79 E+08  3.56 E+13
M4/ Galvanized steel plate 1547 pig iron g 177E+05 334F+09 590 F+14
(I mm thickness)
2”54380Ga'va”ized steel rall - \1548 pig iron g 525E+04 334FE+09 3.22F+14
g"r‘égﬂp'%terboard (wWater- 1549 Gypsum g 177E+05 168E+09 1.31E+15
M50 Paint MS50 None g 0 0 0

See Appendix C for references on Unit Solar Emergy sources.
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J.3  Building B3: Emergy evaluation of best options for materials that will be substituted by

recovered materials
Table J.3.  Building B3: Emergy evaluation of best options for materials that will be substituted by re-
covered materials.
Unit
Solar
. . . Data Solar
Note Mi Note MSi Unit (units) EMERGY EI\(/ISEI}EY
(sed/unit)

MO1 Structural concrete
MO1.1  Concrete MS01.1 Granite g 2.33E+07 8.40E+08 1.96 E+16
MO01.2  Steel MS01.2 Pigiron g 3.80 E+05 3.34E+09 1.27 E+15
MO2 Wood structure (Oak) MS02 Wood structure g 6.36 E+05 1.40E+09 8.91 E+14
MO3 Varnish MS03 None g 0 0 0
MO4 Wood structure (Oak) MS04 Wood structure g 1.45E+06 1.40E+09 2.03E+15
MO5 Varnish MS05 None g 0 0 0
MO6 Wood structure (Oak) MS06 Wood structure g 1.01 E+07 1.40E+09 1.42 E+16
MQ7 Varnish MSO07 None g 0 0 0
MO8 Wood structure (Oak) MS08 Wood structure g 8.71 E+06  1.40 E+09 1.22 E+16
MQ9 Varnish MS09 None g 0 0 0
M10 Wood structure (Oak) MS10 Wood structure g 3.24E+06 1.40E+09 453 E+15
M11 OSB panel (25 mm .
thickness) MS11 Combustion J 1.81 E+10 1.85E+04 3.35E+14
M12 Wood structure (Oak) MS12 Wood structure g 1.49E+06 1.40E+09 2.08 E+15
M13 Structural thermal insulation panel

OSB panel (19
M13.1 mm thickness) MS13.1 None g 0 0 0
M13.2 Jhermoformed o135 None g 0 0 0

XPS
M14 Wood frame (Pine -
70 x 70 mm section) MS14 Wood logs g 586 E+05 6.79 E+08 398 E+14
M15 OSB panel (19 mm 515 combustion J 230E+10 185E+04 4.26E+14
thickness)
M16 Varnish MS16 None g 0 0 0
M17 Mineral wool (me- 1417 Mineral wool g 249E+05 3.09E+09 7.70 E+14
dium density)
M18 Wood stripe (Pine —
40 x 40 mm section) MS18 Wood logs g 1.23E+05 6.79 E+08  8.37 E+13
M19 Wood board (Oak) MS19 Wood logs g 1.89E+06 6.79 E+08 1.28 E+13
M20 Varnish MS20 None g 0 0 0
M21 Wood stripe (Pine - .
40 x 40 mm section) MS21 Combustion J 1.82E+09 185E+04 3.36 E+13
M22 Plywood (external 95 compustion J 7.92E+09 185E+04 1.47 E+04

face) (15 mm thickness)
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Table J.3. - Continued.

Unit

Note Mi Note MSi Data Solar EMERY
(units) EMERGY (seJ)
(seJ/unit)

M23 Varnish MS23 None 0 0 0

M24 Door FO1 (sliding door)

M24.1  Wood (Oak) MS24.1  Wood logs 1,16 E+05 6.79E+08 7.89 E+13
Double flat glass

M24.2 (6-8-6 thickness) MS24.2  Flat glass 440 E+05 7.69 E+09  3.38 E+15

M24.3  Varnish MS24.3  None 0 0 0

M25 Door FO2 (sliding door)

M25.1  Wood (Oak) MS25.1  Wood logs 5.89 E+04 6.79 E+08  4.00 E+13
Double flat glass

M25.2 (6-8-6 thickness) MS25.2  Flat glass 2.18 E+05 7.69 E+09 1.67 E+15

M25.3  Varnish MS25.3  None 0 0 0

M26 Door FO3 (sliding door)

M26.1  Wood (Oak) MS26.1 Wood logs 1.13E+04 6.79E+08 7.64 E+13
Double flat glass

M26.2 (6-8-6 thickness) MS26.2 Flat glass 426 E+04 7.69 E+09  3.28 E+15

M26.3  Varnish MS26.3 None 0 0 0

M27 Window FO5 (hinged window)

M27.1  Wood (Oak) MS27.1 Wood logs 3.96 E+04 6.79 E+08 2.69 E+13
Double flat glass

M27.2 (6-8-6 thickness) MS27.2 Flat glass 2.15E+04 7.69E+09 1.65E+14

M27.3  Varnish MS27.3  None

M28 PVC roofing sheet MS28 None

M29 Zinc sheet (1 mm .

thickness) MS29 Zinc 1.26 E+05 1.14E+11 1.44E+16

M30 Wood (Ipe- 27 mm

thickness) MS30 Wood logs 1.08 E+06 6.79E+08 7.33E+14

M31 Mineral wool (me- .

dium density) MS31 Mineral wool 249 E+05 3.09E+09 7.70E+14

M32 Wood floor

(Oak 30 mm thickness) MS32 Wood logs 1.69 E+06 6.79 E+08 1.15E+15

M33 Varnish MS33 None 0 0 0

M34 Wood frame (Pine -

70 x 70 mm section) MS34 Wood logs 3.89E+05 6.79E+08 2.64E+14

M35 Mineral wool (me- .

dium density) MS35 Mineral wool 271 E+05 3.09E+09 8.37 E+14

M36 Plywood finishing (15 536 compustion 241E+10 185E+04 446 E+14

mm thickness)

M37 Varnish MS37 None 0 0 0

M38 Plasterboard (water- 1538 Gypsum 461E+04 168E+09 7.74E+13

proof)
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Table J.3. - Continued.

Unit

Note Mi Note MSi Unit  Data Solar Eﬁﬁ'r?év
(units)  EMERGY o)
(seJ/unit)
M39 Paint MS39 None g 0 0 0
M40 Ceramic tiles MS40 Granite g A05E+05 840E+08 3.40E+14
M41 Door FO4 (hinged door)
M41.1 \(’ggﬁf frame MS41.1  Wood logs g 129E+04 679E+08 878E+12
M4l Crefabricated yuen1 5 Wood logs g 391E+04 679E+08 2.65E+13
: wood door ’ : ) )
M41.3  Varnish MS41.3 None g 0 0 0
M42 Wood stripe (Pine — \1s15 compustion J 217E+09 185E+04 4.01E+13
50 x 40 mm section)
M43 Plywood finishing (15 .
mm thickness) MS43 Combustion J 3.04 E+09 1.85E+04 5.63 E+13
M44 Varnish MS44 None g 0 0 0
2"54350(;3"’3”‘2“ steel rall - \1545 pig iron g 999E+04 334FE+09 3.34F+14
g"r‘égﬂP'aSterboard (water- msa6 Gypsum g 808E+05 168E+09 1.36E+15
M47 Paint MS47 None g 0 0 0

See Appendix C for references on Unit Solar Emergy sources.
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K.1  Building B1. evaluation of Deconstruction Effectiveness

Table K.1.Building B1: application of Equations 1 and 2.

Note [tem E?;gj)gy Replacements quzséiJo)n 1

MO1 Structural concrete

MO01.1  Concrete 8.80 E+16 1 8.80 E+16

MO01.2  Steel (total) 2.12 E+15 1 2.12 E+15
9.01 E+16

MO2 Structural concrete

M02.1  Concrete 7.34 E+15 1 7.34 E+15

M02.2  Steel (total) 1.69 E+15 1 1.69 E+15
9.04 E+15

MO3 Structural concrete

M03.1  Concrete 1.42 E+16 1 1.42 E+16

M03.2  Steel (total) 4,90 E+15 1 490 E+15

© 191E+16

MO4 Structural concrete

MO04.1  Concrete 5.62 E+16 1 5.62 E+16

M04.2  Steel (total) 4.87 E+15 1 4.87 E+15
6.11 E+16

MO5 Structural concrete

M05.1  Concrete 3.82 E+16 1 3.82 E+16

M05.2  Steel (total) 3.10 E+15 1 3.10 E+15
4,13 E+16

MO6 Structural concrete

M06.1  Concrete 2.49 E+17 1 2.49 E+17

M06.2  Steel (total) 1.77 E+16 1 1.77 E+16
2.67 E+17

MO7 Mortar 1.67 E+16 1 1.67 E+16

MO8 Structural concrete

M08.1  Concrete 1.76 E+17 1 1.76 E+17

M08.2  Steel (total) 1.24 E+16 1 1.24 E+16
1.88 E+17

MO9 Mortar 3.34 E+16 1 3.34 E+16

M10 Ceramic hollow brick masonry (200 mm thick-

ness)

M10.1  Ceramic hollow brick (200 mm thickness) 3.84 E+16 1 3.84E+16

M10.2  Mortar (masonry) 1.74 E+16 1 1.74 E+16

558 E+16
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Table K.1. - Continued.

Note [tem E?;;rt)gy Replacements eqzzéiJo)n 1
M11 Mortar (rendering) 1.31 E+16 1 1.31 E+16
M12 Thermal insulation (Thermoformed EPS) 493 E+14 1 493 E+14
M13 Paint 2.77 E+14 10 2.77 E+15
M14 Door FO1 (sliding door)

M14.1  Aluminium 4,96 E+15 2 9.93 E+15
M14.2  Double flat glass (6-8-6 thickness) 3.61 E+15 2 7.23 E+15
M14.3  Wood (Oak) 1.96 E+13 2 3.92 E+13
M14.4  Varnish 1.70 E+12 4 6.80 E+12
1.72 E+16
M15 Door FO2 (sliding door)
M15.1  Aluminium 1.25 E+15 2 2.50 E+15
M15.2  Double flat glass (6-8-6 thickness) 1.76 E+15 2 3.52 E+15
M15.3  Wood (Oak) 1.39 E+13 2 2.77 E+13
M15.4  Varnish 1.09 E+12 4 4.37 E+12
6.05 E+15
M16 Door FO3 (sliding door)
M16.1  Aluminium 2.48 E+15 2 497 E+15
M16.2  Double flat glass (6-8-6 thickness) 3.48 E+15 2 6.95 E+15
M16.3  Wood (Oak) 2.70 E+13 2 4,14 E+13
M16.4  Varnish 1.64 E+12 4 6.57 E+12
1.20 E+16
M17 Window FO5 (hinged window)
M17.1  Aluminium 1.19 E+15 2 2.39 E+15
M17.2  Double flat glass (6-8-6 thickness) 1.32 E+15 2 2.65 E+15
M17.3  Wood (Oak) 3.82 E+13 2 7.64 E+13
M17.4  Varnish 2.13E+12 4 8.52 E+12
5.03 E+15
M18 Asphalt sheet 391 E+14 1 391 E+14
M19 Thermal insulation (Thermoformed XPS) 2.10 E+15 1 2.10 E+15
M20 Gravel 3.82 E+16 1 3.82 E+16
M21 Zinc sheet (1 mm thickness) 1.52 E+16 1 1.52 E+16
M22 Granite floor
M22.1  Granite tiles (30 mm thickness 3.32 E+16 1 3.32 E+16
M22.2  Mortar 9.94 E+15 1 9.94 E+15

4.31 E+16
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Table K.1. - Continued.

Note [tem E?;;eth)gy Replacements eqzzéiJo)n 1
M23 Asphalt sheet 1.02 E+15 1 1.02 E+15
M24 Thermal insulation (Thermoformed XPS) 1.04 E+15 1 1.04 E+15
M25 Mortar 2.19 E+16 1 2.19 E+16
M26 Wood frame (Pine) 3.70 E+14 2 7.39 E+14
'(Vcﬂ jood floor s 3.09 E+15 2 6.19 E+15
M28 Varnish (wood floor) 8.49 E+13 4 3.40 E+14
M29 Marble floor
M29.1  Marble tiles (20 mm thickness) 3.73 E+15 1 3.73 E+15
M29.2  Mortar 1.37 E+15 1 1.37 E+15

5.10 E+15
M30 Ceramic hollow brick masonry (110 mm thick-
ness)
M30.1  Ceramic hollow brick (110 mm thickness) 9.68 E+15 1 9.68 E+15
M30.2  Mortar (masonry) 3.11E+15 1 3.11E+15

1.30 E+16
M31 Mortar (rendering) 1.07 E+16 1 1.07 E+16
M32 Plaster 4.00 E+14 1 4.00 E+14
M33 Paint 2.00 E+14 4 8.00 E+14
M34 Plywood finishing (15 mm thickness) 1.00 E+14 4 4,01 E+14
M35 Varnish (plywood) 6.94 E+12 4 2.77 E+13
M36 Wood foot panel (Oak) 2.62 E+13 2 524 E+13
M37 Varnish (wood foot panel) 2.64 E+12 4 1.06 E+13
M38 Ceramic tiles 1.70 E+15 2 3.40 E+15
M39 Door FO4 (hinged door)
M39.1  Wood frame (oak) 9.28 E+13 2 1.68 E+14
M39.2  Prefabricated wood door 5.88 E+13 1.18 E+14
M39.3  Varnish 1.88 E+13 4 7.51 E+13

3.78 E+14
M40 Mortar (rendering) 2.62 E+15 1 2.62 E+15
M41 Thermal insulation (Thermoformed XPS) 6.32 E+14 1 6.32 E+14
M42 Paint 7.27 E+13 10 7.27 E+14
M43 Mortar (rendering) 5.68 E+15 1 5.68 E+15
M44 Plaster 5.77 E+11 577 E+11
M45 Paint 1.57 E+14 4 6.28 E+143
Equation 2: Total of Emergy of materials for building B1 1.00 E+18

during Lifespan (seJ)
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Table K.2. Building B1: application of Equations 3 and 4 to best options for materials that will be substi-
tuted by recovered materials.

Emergy of Emergy
Note Mi Note MSi MSi Replacements  Equation 3
(seJ) (seJ)
MO1 Structural concrete
MO1.1  Concrete MS02.1  Granite 2.02 E+16 1 2.02 E+16
MO1.2. Aggregates MS02.2  Pigiron 1.24 E+15 1 1.24 E+15
215E+16
MO2 Structural concrete
MO02.1  Concrete MS01.1  Granite 1.69 E+15 1 1.69 E+15
M02.2. Steel MS01.2 Pigiron 9.91 E+14 1 9.91 E+14
 268E+15
MO3 Structural concrete
MO03.1  Concrete MS03.1  Granite 3.26 E+15 1 3.26 E+15
M03.2. Steel MS03.2 Pigiron 2.86 E+15 1 2.86 E+15
6.13 E+15
MO4 Structural concrete
MO04.1  Concrete MS04.1  Granite 1.29 E+16 1 1.29 E+16
M04.2.  Steel MS04.2 Pigiron 2.85 E+15 1 2.85 E+15
1.58 E+16
MO5 Structural concrete
M05.1  Concrete MS05.1  Granite 8.77 E+15 1 8.77 E+15
MO05.2.  Steel MS05.2  Pigiron 1.81 E+15 1 1.81 E+15
1.06 E+16
MO6 Structural concrete
M06.1  Concrete MS06.1  Granite 573 E+16 1 573 E+16
M06.2.  Steel MS06.2 Pigiron 1.04E+16 1 1.04E+16
6.77 E+16
MO7 Mortar MSQ7 Granite 5.02 E+15 1 5.02 E+15
MO8 Structural concrete
MO08.1  Concrete MS08.1 Granite 4.04 E+16 1 4,04 E+16
M08.2.  Steel MS08.2  Pigiron 7.24 E+15 1 7.24 E+15
4.76 E+16
MO9 Mortar MSQ9 Granite 1.01 E+16 1 1.01 E+16
M10 Ceramic hollow brick masonry (200 mm thickness)
M10.1  eramieholow  ys1o1  Granite 6.85 E+15 1 6.85 E+15
M10.2. Mortar (masonry) MS10.2 Granite 5.23 E+15 1 5.23 E+15
1.21 E+16

M11 Mortar (rendering) MS11 Granite 4.30 E+15 1 4,30 E+15
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Table K.2. - Continued.
Emergy of Emergy
Note Mi Note MSi MSi Replacements  Equation 3
(seJ) (seJ)
M12 Thermal insulation
(Thermoformed EPS) MS12 None 0 1 0
M13 Paint MS13 None 0 10 0
M14 Door FO1 (sliding door)
- Aluminium
M14.1  Aluminium MS14.1 (primary ingot) 3.50 E+15 2 7.00 E+15
Double flat glass
M14.2 (6-8-6 thickness) MS14.2 Flat glass 3.36 E+15 2 6.72 E+15
M14.3  Wood (Oak) MS14.3  Wood logs 8.84 E+12 2 1.77 E+13
M14.4  Varnish MS14.4 None 0 0
1.37 E+16
M15 Door FO2 (sliding door)
M15.1  Aluminium MS15.1 Aluminium 8.18 E+14 2 1.76 E+15
(primary ingot)
Double flat glass
M15.2 (6-8-6 thickness) MS15.2 Flat glass 1.64 E+15 2 3.28 E+15
M15.3  Wood (Oak) MS15.3  Wood logs 6.26 E+12 1.25 E+13
M15.4  Varnish MS15.4 None 0 4 0
5.05 E+15
M16 Door FO3 (sliding door)
. Aluminium
M16.1  Aluminium MS16.1 (primary ingot) 1.75 E+15 2 3.51 E+15
Double flat glass
M16.2 (6-8-6 thickness) MS16.2 Flat glass 3.23 E+15 2 6.47 E+15
M16.3  Wood (Oak) MS16.3 Wood logs 9.35 E+12 2 1.87 E+13
M16.4  Varnish MS16.4 None 0 0
9.99 E+15
M17 Window FO5 (hinged window)
. Aluminium
M17.1  Aluminium MS17.1 (primary ingot) 8.42 E+14 2 1.68 E+15
Double flat glass
M17.2 (6-8-6 thickness) MS17.2 Flat glass 1.23 E+15 2 2.46 E+15
M17.3  Wood (Oak) MS17.3  Wood logs 1.72 E+13 2 3.45 E+13
M17.4  Varnish MS17.4  None 0 4 0
418 E+15
M18 Asphalt sheet MS18 None 0 1 0
M19 Thermal insulation
(Thermoformed XPS) MS19 None 0 1 0
M20 Gravel MS20 Gravel 2.60 E+16 1 2.60 E+16
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Table K.2. - Continued.

Design for Deconstruction: Emergy Approach to Evaluate Deconstruction Effectiveness

Emergy of Emergy
Note Mi Note MSi MSi Replacements  Equation 3
(sed) (sed)
M21 Zinc sheet (I mm thick-  ysoy 7inc 144 E+16 1 144 E+16
ness)
M22 Granite floor
Granite tiles (30 .
M22.1 mm thickness MS22.1  Granite 6.11 E+15 1 6.11 E+15
M22.2  Mortar MS22.2 Granite 2.99 E+15 1 2.99 E+15
9.10 E+15
M23 Asphalt sheet MS23 None 0 1 0
M24 Thermal insulation
(Thermoformed XPS) MS24 None 0 L 0
M25 Mortar MS25 Granite 6.60 E+15 1 6.60 E+15
M26 Wood frame (Pine) MS26 Wood logs 5.56 E+12 2 3.33E+14
M27 Wood floor
(Oak 30 mm thickness) MS27 Wood logs 3.12 E+13 2 1.87 E+15
M28 Varnish (wood floor) MS28 None 0 4 0
M29 Marble floor
M29.1 Marble tiles (20 509 1 Granite 233 E+14 1 233 E+14
mm thickness)
M29.2  Mortar MS29.2 Granite 414 E+14 1 414 E+14
6.46 E+14
M30 Ceramic hollow brick masonry (110 mm thickness)
m30.1  Seramichollow 30 1 Granite 176 E+15 1 1.76 E+15
M30.2. Mortar (masontry) MS30.2 Granite 9.73 E+13 1 9.73 E+13
1.68 E+15
M31 Mortar (rendering) MS31 Granite 3.52 E+15 1 3.52 E+15
M32 Plaster MS32 Granite 1.84 E+14 1 1.84 E+14
M33 Paint MS33 None 0 4 0
M34 Plywood finishing (15 .
mm thickness) MS34 Combustion 9.45 E+12 4 3.78 E+13
M35 Varnish (plywood) MS35 None 0 4 0
M36 Wood foot panel (Oak) MS36 Wood logs 1.18 E+13 2 2.36 E+13
M37 Varnish (wood foot
panel) MS37 None 0 4 0
M38 Ceramic tiles MS38 Granite 3.87 E+14 2 7.74 E+14
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Table K.2. - Continued.
Emergy of Emergy
Note Mi Note MSi MSi Replacements  Equation 3
(seJ) (seJ)
M39 Door FO4 (hinged door)
M39.1  Wood frame (oak) MS39.1 Wood logs 4,19 E+13 2 8.37 E+13
M39.2  refabricatedwood 39,3 wood logs 265 E+13 2 5.30 E+13
M39.3  Varnish MS39.4 None 0 4 0
1.37 E+14
M40 Mortar (rendering) MS40 Granite 8.62 E+14 1 8.62 E+14
M41 Thermal insulation
(Thermoformed XPS) MS41 None 0 1 0
M42 Paint MS42 None 0 0
M43 Mortar (rendering) MS43 Granite 1.87 E+15 1 1.87 E+15
M44 Plaster MS44 Granite 2.66 E+11 2.66 E+11
M45 Paint MS45 None 0 4 0
Equation 4: Revecovery Effectiveness of building B1 (seJ) 3.05 E+17

Table K.3. Building B1: application of Equation 5.

Recovery Effectiveness of B1 Emergy B1 DE
(sed) (sed)
3.05 E+17 1.00 E+18 0.303
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K.2 Building B2: evaluation of Deconstruction Effectiveness

Table K.4. Building B2: application of Equations 1 and 2.

Note [tem E?;gj)gy Replacements quzséiJo)n 1
MO1 Structural concrete
MO01.1  Concrete 8.80 E+16 1 8.80 E+16
MO1.2  Steel (round bar 12 mm thickness) 2.12 E+15 1 2.12 E+15
9.01 E+16
MO2 Galvanized steel (HEB 200 section) 5.04 E+15 1 5.04 E+15
MO3 Paint 498 E+13 4 1.99E+14
MO4 Galvanized steel (HEB 200 section) 9.50 E+15 1 9.50 E+15
MQO5 Paint 9.39 E+13 4 3.76 E+14
MO6 Galvanized steel (HEB 200 section) 2.98 E+16 1 298 E+16
MO7 Paint 295 E+14 4 1.18 E+15
MO8 Galvanized steel (IPN 140 section) 8.28 E+15 1 8.28 E+15
M09 Paint (IPN 140) 1.66 E+14 4 6.66 E+14
M10 Galvanized steel (HEB 200 section) 2.23 E+16 1 2.23 E+16
M11 Paint 220 E+14 4 8.82 E+14
M12 Galvanized steel (IPN 140 section) 6.21 E+15 1 6.21 E+15
M13 Paint (IPN 140) 1.25 E+14 4 499 E+14
M14 0SB panel (25 mm thickness) 2.53 E+15 1 2.53 E+15
M15 Structural thermal insulation panel
M15.1  OSB panel (19 mm thickness) 463 E+13 1 4.63 E+13
M15.2  Thermoformed XPS 3.22 E+15 1 3.22 E+15
7.85 E+15
M16 Wood frame (Pine) 1.27 E+15 1 1.27 E+15
M17 OSB panel (25 mm thickness) 3.67 E+15 1 3.67 E+15
M18 Galvanized steel frame 1.58 E+15 1 1.58 E+15
M19 OSB panel (19 mm thickness) 6.80 E+14 1 6.80 E+14
M20 Varnish (external face OSB panel) 1.28 E+14 1 1.28 E+14
M21 Mineral wool (medium density) 1.29 E+15 1 1.29 E+15
M22 Plasterboard 2.84 E+15 1 2.84 E+15
M23 Paint 250 E+14 4 9.98 E+14
M24 Wood stripe (Pine — 40 x 40 mm section) 3.89 E+14 1 3.89 E+14
M25 Galvanized steel plate (1 mm thickness) 2.07 E+14 1 2.07 E+14
M26 Corrugated galvanized steel plate (0.75 mm thick- 228 E+15 1 228 E+15

ness)
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Table K.4. - Continued.

Note [tem E?;;eth)gy Replacements eqzzéiJo)n 1
M27 Door FO1 (sliding door)
M27.1  Aluminium 4,96 E+15 1 496 E+15
M27.2  Double flat glass (6-8-6 thickness) 3.61 E+15 1 3.61 E+15
M27.3  Wood (Oak) 1.96 E+13 2 3.92 E+13
M27.4  Varnish 1.70 E+12 4 6.80 E