
Efficiency improvement calculation Supply chain (excluding materials for energy supply)

general equations n = mout n / min n (1) 2.867.506 [kg/a]

m waste n = m out n ((1/n) ‐ 1) (2) 2.505.258 [kg/a]

m in n = m out n (1/n) (3) 1.168.821 [kg/a]

b = before, a = after m in n2 = m out n1 ((1 + x(n‐1))/n (4) 806.573 [kg/a]

Variable xw = improvent waste reduction betweeen status b and a in percent, e.g. x = 0.05 = 5 (5) total SC product output for SME without optimization focal SME 1.698.685 [kg/a]

59,24%

67,80%

Overall efficiency

before m in 1.1b m out 1.1b m in 1.2b m out 1.2b m in 1.3b m out 1.3b m in 1.4b m out 1.4b

905.347 [kg/a] Oil supplier 814813 [kg/a] 814.813 [kg/a] Refinery 651.850 [kg/a] 651.850 [kg/a] Chem. Ind. 391.110 [kg/a] 391.110 [kg/a] Paint Mnfct. 195.555 [kg/a]

1 2 3 4

1b 2b 3b 4b total

90% 80% 60% 50% 22%

m waste 1.1b m waste 1.2b m waste 1.3b m waste 1.4b waste total
90.535 [kg/a] 162.963 [kg/a] 260.740 [kg/a] 195.555 [kg/a] 709.792 [kg/a]

improvement waste reduction xw = 5% xw = 5% xw = 30% xw = 50%

after  m in 1.1a m out 1.1a m in 1.2a m out 1.2a m in 1.3a m out 1.3a m in 1.4a m out 1.4a

588.596 [kg/a] Oil supplier 532.398 [kg/a] 532.398 [kg/a] Refinery 430.221 [kg/a] 430.221 [kg/a] Chem. Ind. 293.333 [kg/a] 293.333 [kg/a] Paint Mnfct. 195.555 [kg/a]

1 2 3 4

1a 2a 3a 4a total

90% 81% 68% 67% 33%

m waste 1.1a m waste 1.2a m waste 1.3a m waste 1.4a waste total
56.198 [kg/a] 102.177 [kg/a] 136.889 [kg/a] 97.778 [kg/a] 393.041 [kg/a]

Overall waste reduction

45%

Overall efficiency

before m in 2.1b m out 2.1b m in 2.2b m out 2.2b m in 2.3b m out 2.3b

43.704 [kg/a] Oil supplier 39.333 [kg/a] 39.333 [kg/a] Refinery 31.467 [kg/a] 31.467 [kg/a] Chem. Ind. 18.880 [kg/a]

1 1 3

1 2 3 total

90% 80% 60% 43%

m waste 2.1b m waste 2.2b m waste 2.3b waste total
4.370 [kg/a] 7.867 [kg/a] 12.587 [kg/a] 24.824 [kg/a]

improvement waste reduction xw = 5% xw = 5% xw = 30%

after  m in 2.1a m out 2.1a m in 2.2a m out 2.2a m in 2.3a m out 2.3a

37.884 [kg/a] Oil supplier 34.267 [kg/a] 34.267 [kg/a] Refinery 27.691 [kg/a] 27.691 [kg/a] Chem. Ind. 18.880 [kg/a]

1 1 3

1 2 3 total

90% 81% 68% 50%

m waste 2.1a m waste 2.2a m waste 2.3a waste total
3.617 [kg/a] 6.577 [kg/a] 8.811 [kg/a] 19.004 [kg/a]

Overall waste reduction

23%

Overall efficiency

before m in 3.1b m out 3.1b m in 3.2b m out 3.2b

215.833 [kg/a] Forestry 161.875 [kg/a] 161.875 [kg/a] 129.500 [kg/a]

3 4

1 2 total

75% 80% 60%

m waste 3.1b m waste 3.2b waste total
53958 [kg/a] 32375 [kg/a] 86.333 [kg/a]

improvement waste reduction xw = 20% xw = 15%

after  m in 3.1a m out 3.1a m in 3.2a m out 3.2a

198.890 [kg/a] Forestry 157.019 [kg/a] 157.019 [kg/a] 129.500 [kg/a]

3 4

1 2 total

79% 82% 65%

m waste 3.1a m waste 3.2a waste total
41.872 [kg/a] 27.519 [kg/a] 69.390 [kg/a]

Overall waste reduction

20%

Overall efficiency

before m in 4.1b m out 4.1b m in 4.2b m out 4.2b m in 4.3b m out 4.3b m in 4.4b m out 4.4b m in 4.5b m out 4.5b

840.525 [kg/a] 798498 [kg/a] 798.498 [kg/a] Electrolysis 758573 [kg/a] 758.573 [kg/a] Smelter 682.716 [kg/a] 682.716 [kg/a] Casting 614.444 [kg/a] 614.444 [kg/a] Machining 553.000 [kg/a]

1 2 3 4 5

1 2 3 4 5 total

95% 95% 90% 90% 90% 66%

m waste 4.1b m waste 4.2b m waste 4.3b m waste 4.4b m waste 4.5b waste total
42.026 [kg/a] 39.925 [kg/a] 75857 [kg/a] 68272 [kg/a] 61444 [kg/a] 287.525 [kg/a]

improvement waste reduction xw = 2,5% xw = 2,5% xw = 3% xw = 10% xw = 5%

after  m in 4.1a m out 4.1a m in 4.2a m out 4.2a m in 4.3a m out 4.3a m in 4.4a m out 4.4a m in 4.5a m out 4.5a

823.825 [kg/a] 783.614 [kg/a] 783.614 [kg/a] Electrolysis 745.365 [kg/a] 745.365 [kg/a] Smelter 672.509 [kg/a] 672.509 [kg/a] Casting 611.372 [kg/a] 611.372 [kg/a] Machining 553.000 [kg/a]

1 2 3 4 5

1 2 3 4 5 total

95% 95% 90% 91% 90% 67%

m waste 4.1a m waste 4.2a m waste 4.3a m waste 4.4a m waste 4.5a waste total
40.212 [kg/a] 38.249 [kg/a] 72.855 [kg/a] 61.137 [kg/a] 58.372 [kg/a] 270.825 [kg/a]

Overall waste reduction

6%

Overall efficiency

before m in 5.1b m out 5.1b

862.097 [kg/a] 801.750 [kg/a]

1

1 total

93% 93%

m waste 5.1b waste total
60347 [kg/a] 60.347 [kg/a]

improvement waste reduction xw = 10%

after  m in 5.1a m out 5.1a

856.062 [kg/a] 801.750 [kg/a]

1

1 total

94% 94%

m waste 5.1a waste total
54.312 [kg/a] 54.312 [kg/a]

Overall waste reduction

10%

Figure S1: Material Flows Supply Chains

Supply Chain efficiency without optimization focal SME

overall SC material demand reduction  without 

optimization focal SME:

overall SC waste reduction without optimization 

focal SME:

12,63%

30,99%
overall SC waste amount after optimization:

overall SC material demand before optimization

overall SC material demand after optimization

overall SC waste amount before optimization:

W
at
e
r 
su
p
p
ly
 c
h
ai
n
 b
e
fo
re
 a
n
d
 a
ft
e
r 
w
as
te
 r
e
d
u
ct
io
n
 e
ff
o
rt
s

Water supply chain before and after waste reduction efforts
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Coagulation aid (material B) manufacturing supply chain before and after waste reduction efforts
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Veneer (material C1) manufacturing supply chain before and after waste reduction efforts

Vaneer 

Mnfct.

Vaneer 

Mnfct.

overall SC production efficiency before optimization:

overall SC production efficiency after optimization SC without 

optimization focal SME:
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Efficiency improvement calculation Supply chain (excluding materials for energy supply)

general equations n = mout n / min n (1) 2.867.506 [kg/a] 1.698.685 [kg/a]

m waste n = m out n ((1/n) ‐ 1) (2) 2.114.778 [kg/a] 1.463.283 [kg/a]

m in n = m out n (1/n) (3) 2.220.865 [kg/a] 1.052.044 [kg/a]

b = before, a = after m in n2 = m out n1 ((1 + x(n‐1))/n (4) 1.468.137 [kg/a] 816.642 [kg/a]

Variable xw = improvent waste reduction betweeen status b and a in percent, e.g. x = 0.05 = 5 %(5) product output focal SME 646.641 [kg/a]

22,55%

30,58%

Overall efficiency

before m in 1.1b m out 1.1b m in 1.2b m out 1.2b m in 1.3b m out 1.3b m in 1.4b m out 1.4b m in SME m out SME

905.347 [kg/a] Oil supplier 814813 [kg/a] 814.813 [kg/a] Refinery 651.850 [kg/a] 651.850 [kg/a] Chem. Ind. 391.110 [kg/a] 391.110 [kg/a] Paint Mnfct. 195.555 [kg/a] 195.555 [kg/a] Paint  2.991 [kg/a]

1 2 3 4 SME

1b 2b 3b 4b SC total SMEb

90% 80% 60% 50% 22% 1,53%

m waste 1.1b m waste 1.2b m waste 1.3b m waste 1.4b waste SC total m waste SME

90.535 [kg/a] 162.963 [kg/a] 260.740 [kg/a] 195.555 [kg/a] 709.792 [kg/a] 192564 [kg/a] 902.356 [kg/a]

improvement waste reduction xw = 5% xw = 5% xw = 30% xw = 50% xm = 35% improvement material consumption

after  m in 1.1a m out 1.1a m in 1.2a m out 1.2a m in 1.3a m out 1.3a m in 1.4a m out 1.4a m in SME m out SME

382.587 [kg/a] Oil supplier 346.059 [kg/a] 346.059 [kg/a] Refinery 279.644 [kg/a] 279.644 [kg/a] Chem. Ind. 190.666 [kg/a] 190.666 [kg/a] Paint Mnfct. 127.111 [kg/a] 127.111 [kg/a] Paint  2.991 [kg/a]

1 2 3 4 SME

1a 2a 3a 4a SC total SMEa

90% 81% 68% 67% 33% 2,35%

m waste 1.1a m waste 1.2a m waste 1.3a m waste 1.4a waste total m waste SME

36.528 [kg/a] 66.415 [kg/a] 88.978 [kg/a] 63.555 [kg/a] 255.477 [kg/a] 124.120 [kg/a] 379.596 [kg/a]

Overall waste reduction

64%

Overall efficiency

before m in 2.1b m out 2.1b m in 2.2b m out 2.2b m in 2.3b m out 2.3b m in SME m out SME

43.704 [kg/a] Oil supplier 39.333 [kg/a] 39.333 [kg/a] Refinery 31.467 [kg/a] 31.467 [kg/a] Chem. Ind. 18.880 [kg/a] 18.880 [kg/a] Coag. Aid 0 [kg/a]

1 1 3 SME

1 2 3 SC total SMEb

90% 80% 60% 43% 0,00%

m waste 2.1b m waste 2.2b m waste 2.3b waste total m waste SME waste SC + SME total

4.370 [kg/a] 7.867 [kg/a] 12.587 [kg/a] 24.824 [kg/a] 18880 [kg/a] 43.704 [kg/a]

improvement waste reduction xw = 5% xw = 5% xw = 30% xm = 35% improvement material consumption

after  m in 2.1a m out 2.1a m in 2.2a m out 2.2a m in 2.3a m out 2.3a m in SME m out SME

24.625 [kg/a] Oil supplier 22.274 [kg/a] 22.274 [kg/a] Refinery 17.999 [kg/a] 17.999 [kg/a] Chem. Ind. 12.272 [kg/a] 12.272 [kg/a] Coag. Aid 0 [kg/a]

1 1 3 SME

1 2 3 SC total SMEa

90% 81% 68% 50% 0,00% 0,00%

m waste 2.1a m waste 2.2a m waste 2.3a waste total m waste SME

2.351 [kg/a] 4.275 [kg/a] 5.727 [kg/a] 12.353 [kg/a] 12.272 [kg/a] 24.625 [kg/a]

Overall waste reduction

50%

Overall efficiency
before m in 3.1b m out 3.1b m in 3.2b m out 3.2b m in SME m out SME

215.833 [kg/a] Forestry 161.875 [kg/a] 161.875 [kg/a] 129.500 [kg/a] 129.500 [kg/a] Veneer 90.650 [kg/a]

3 4 SME

1 2 total SMEb

75% 80% 60% 70,00% 42%

m waste 3.1b m waste 3.2b waste total m waste SME

53958 [kg/a] 32375 [kg/a] 86.333 [kg/a] 38850 [kg/a] 125.183 [kg/a]

improvement waste reduction xw = 20% xw = 15% xm = 0% improvement material consumption

after  m in 3.1a m out 3.1a m in 3.2a m out 3.2a m in SME m out SME

198.890 [kg/a] Forestry 157.019 [kg/a] 157.019 [kg/a] 129.500 [kg/a] 129.500 [kg/a] Veneer 90.650 [kg/a]

3 4 SME

1 2 total SMEa

79% 82% 65% 70,00% 46%

m waste 3.1a m waste 3.2a waste total m waste SME

41.872 [kg/a] 27.519 [kg/a] 69.390 [kg/a] 38.850 [kg/a] 108.240 [kg/a]

Overall waste reduction

20%

Overall efficiency
before m in 4.1b m out 4.1b m in 4.2b m out 4.2b m in 4.3b m out 4.3b m in 4.4b m out 4.4b m in 4.5b m out 4.5b m in SME m out SME

840.525 [kg/a] 798498 [kg/a] 798.498 [kg/a] Electrolysis 758573 [kg/a] 758.573 [kg/a] Smelter 682.716 [kg/a] 682.716 [kg/a] Casting 614.444 [kg/a] 614.444 [kg/a] Machining 553.000 [kg/a] 553.000 [kg/a] Aluminum 553.000 [kg/a]

1 2 3 4 5 SME

1 2 3 4 5 total SMEb

95% 95% 90% 90% 90% 66% 100,00% 66%

m waste 4.1b m waste 4.2b m waste 4.3b m waste 4.4b m waste 4.5b waste total m waste SME

42.026 [kg/a] 39.925 [kg/a] 75857 [kg/a] 68272 [kg/a] 61444 [kg/a] 287.525 [kg/a] 0 [kg/a] 287.525 [kg/a]

improvement waste reduction xw = 2,5% xw = 2,5% xw = 2,5% xw = 10% xw = 5% xm = 0% improvement material consumption

after  m in 4.1a m out 4.1a m in 4.2a m out 4.2a m in 4.3a m out 4.3a m in 4.4a m out 4.4a m in 4.5a m out 4.5a m in SME m out SME

823.825 [kg/a] 783.614 [kg/a] 783.614 [kg/a] Electrolysis 745.365 [kg/a] 745.365 [kg/a] Smelter 672.509 [kg/a] 672.509 [kg/a] Casting 611.372 [kg/a] 611.372 [kg/a] Machining 553.000 [kg/a] 553.000 [kg/a] Aluminum 553.000 [kg/a]

1 2 3 4 5 SME

1 2 3 4 5 total SMEa

95% 95% 90% 91% 90% 67% 100,00% 67%

m waste 4.1a m waste 4.2a m waste 4.3a m waste 4.4a m waste 4.5a waste total m waste SME

40.212 [kg/a] 38.249 [kg/a] 72.855 [kg/a] 61.137 [kg/a] 58.372 [kg/a] 270.825 [kg/a] 0 [kg/a] 270.825 [kg/a]

Overall waste reduction

6%

Overall efficiency

before m in 5.1b m out 5.1b m in SME m out SME

862.097 [kg/a] 801.750 [kg/a] 801.750 [kg/a] Water 0 [kg/a]

1 SME

1 total SMEb

93% 93% 0,00% 0%

m waste 5.1b waste total m waste SME

60347 [kg/a] 60.347 [kg/a] 801750 [kg/a] 862.097 [kg/a]

improvement waste reduction xw = 10% xm = 20% improvement material consumption

after  m in 5.1a m out 5.1a m in SME m out SME

684.850 [kg/a] 641.400 [kg/a] 641.400 [kg/a] Water 0 [kg/a]

1 SME

1 total SMEa

94% 94% 0,00% 0%

m waste 5.1a waste total m waste SME

43.450 [kg/a] 43.450 [kg/a] 641.400 [kg/a] 684.850 [kg/a]

Overall waste reduction

28%

Figure S2: Material Flows Supply Chains and Focal Company

Consumption of Example SME optimized (low investment option)

waste SC + SME total

Focal company

material demand focal SME before optimization:

material demand focal SME after optimization:

waste focal SME before optimization:

waste focal SME after optimization:

SC + SME total

waste SC + SME total

SC + SME total

waste SC + SME total

SC + SME total

waste SC + SME total

SC + SME total

waste SC + SME total

SC + SME total

SC + SME total

SC + SME total

0,33%

waste SC + SME total

waste SC + SME total

0,00%

SC + SME total

waste SC + SME total

SC + SME total

Total Supply Chain and focal SME efficiency

overall SC material demand reduction  including 

optimization focal SME:
26,25%

overall SC waste reduction including 

optimization focal SME:
33,89%
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Veneer (material C1) manufacturing supply chain before and after waste reduction efforts
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Water supply chain before and after waste reduction efforts
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Coagulation aid (material B) manufacturing supply chain before and after waste reduction efforts

overall SC material demand before optimization

overall SC material demand after optimization

overall SC waste amount before optimization:

overall SC waste amount after optimization:

Paint (material A) manufacturing supply chain before and after waste reduction efforts

overall SC production efficiency before optimization:
overall SC production efficiency after optimization SC and focal 

SME:
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0,78%

waste SC + SME total
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