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e R AR | AERE] | ARE] | R JRSEE] | R
B JIR 2 WEE | BRE WEE | B
#
I BE VS FE(MI/m?)
0 46.0 73.0 140.4 94.4 67.4 27.0
1 44.2 70.1 134.9 90.7 64.8 25.9
2 42.4 67.3 129.4 87.0 62.1 24.9
3 40.5 64.4 123.8 83.3 59.4 23.9
4 38.7 61.5 118.3 79.6 56.8 22.8
5 36.9 58.7 112.8 75.9 54.1 21.8
6 35.1 55.8 107.3 72.2 51.5 20.7
7 33.3 52.9 101.8 68.5 48.9 19.6
8 315 50.1 96.3 64.8 46.2 18.6
¥ 9 29.6 47.2 90.7 61.1 435 17.6
10 27.8 44.3 85.2 57.4 40.9 16.5
11 26.0 41.4 79.7 53.7 38.3 15.4
12 24.2 38.6 74.2 50.0 35.6 14.4
13 22.4 35.7 68.7 46.3 33.0 13.3
14 20.5 32.8 63.1 42.6 30.3 12.3
15 18.7 30.0 57.6 38.9 27.6 11.3
16 16.9 27.0 52.0 35.1 25.0 10.1
17 15.1 24.2 46.5 31.4 22.3 9.1
18 13.3 21.3 41.0 27.7 19.7 8.0
19 11.5 18.5 35.5 24.0 17.0 7.0
20 9.7 15.6 30.0 20.3 14.4 5.9
21 7.9 12.7 24.5 16.6 11.8 4.8
22 6.1 9.9 19.0 12.9 9.1 3.8
(I8 23 4.3 7.0 135 9.2 6.5 2.7
24 2.5 4.2 8.0 5.5 3.8 1.7
25 0.7 1.3 2.5 1.8 1.2 0.6
26 0 0 0 0 0
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0 7360.0 | 11681.3 | 22464.0 | 15104.0 | 10782.7 | 4321.3
1 7072.0 11223.7 | 21584.0 | 14512.0 | 10360.3 4151.7
2 6784.0 | 10766.1 | 20704.0 | 13920.0 | 9937.9 3982.1
¥ 3 6480.0 | 10300.2 | 19808.0 | 13328.0 | 9507.8 3820.2
4 6192.0 9842.6 | 18928.0 | 12736.0 | 9085.4 3650.6
5 5904.0 9385.0 | 18048.0 | 12144.0 | 8663.0 3481.0
6 5616.0 8927.4 | 17168.0 | 11552.0 | 8240.6 3311.4
7 5328.0 8469.8 | 16288.0 | 10960.0 | 7818.2 3141.8
8 5040.0 8012.2 | 15408.0 | 10368.0 | 7395.8 2972.2
Fy 9 4736.0 7546.2 | 14512.0 | 9776.0 6965.8 2810.2
10 4448.0 7088.6 | 13632.0 | 9184.0 6543.4 2640.6
11 4160.0 6631.0 | 12752.0 | 8592.0 6121.0 2471.0
12 3872.0 6173.4 | 11872.0 | 8000.0 5698.6 2301.4
13 3584.0 5715.8 | 10992.0 | 7408.0 5276.2 2131.8
. 14 3280.0 5249.9 | 10096.0 | 6816.0 4846.1 1969.9
b 15 2992.0 4792.3 9216.0 6224.0 4423.7 1800.3
16 2704.0 4326.4 8320.0 5616.0 3993.6 1622.4
17 2416.0 3868.8 7440.0 5024.0 3571.2 1452.8
18 2128.0 3411.2 6560.0 4432.0 3148.8 1283.2
19 1840.0 2953.6 5680.0 3840.0 2726.4 1113.6

20 1552.0 2496.0 4800.0 3248.0 2304.0 944.0

21 1264.0 2038.4 3920.0 2656.0 1881.6 774.4

22 976.0 1580.8 3040.0 2064.0 1459.2 604.8

fR4F 23 688.0 1123.2 2160.0 1472.0 1036.8 435.2
24 400.0 665.6 1280.0 880.0 614.4 265.6

25 112.0 208.0 400.0 288.0 192.0 96.0

26 0.0 0.0 0.0 0.0 0.0 0.0
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Absolute | Boiling
pressure| point

(bar)
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.5
1.6
1.7
1.8
1.9
2
2.2
2.4
2.6
2.8
3
3.5
4
4.5
5
55
6
6.5

(°C)
17.51
24.10
28.98
32.90
36.18
39.02
41.53
43.79
45.83
60.09
69.13
75.89
81.35
85.95
89.96
93.51
96.71
99.63

102.32
104.81
107.13
109.32
111.37
111.37
113.32
115.17
116.93
118.62
120.23
123.27
126.09
128.73
131.20
133.54
138.87
143.63
147.92
151.85
155.47
158.84
161.99
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Specific
volume
(steam)

(m’/kg)
67.006
45.667
34.802
28.194
23.741
20.531
18.105
16.204
14.675
7.650
5.229
3.993
3.240
2.732
2.365
2.087
1.869
1.694
1.549
1.428
1.325
1.236
1.159
1.159
1.091
1.031
0.977
0.929
0.885
0.810
0.746
0.693
0.646
0.606
0.524
0.462
0.414
0.375
0.342
0.315
0.292

Density
(steam)

(kg/m®)
0.015
0.022
0.029
0.035
0.042
0.049
0.055
0.062
0.068
0.131
0.191
0.250
0.309
0.366
0.423
0.479
0.535
0.590
0.645
0.700
0.755
0.809
0.863
0.863
0.916
0.970
1.023
1.076
1.129
1.235
1.340
1.444
1.548
1.651
1.908
2.163
2.417
2.669
2.920
3.170
3.419

Steam Pressure Table

Specific enthalpy | Specific enthalpy | Latent heat of |Specific
of liquid water of steam vaporization heat
(sensible heat) (total heat)

(kd/kg) |(kcallkg) | (kd/kg) |(kcallkg) | (kd/kg) (kcallkg)  (kJ/kg)
73.45 | 17.54 |2533.64 605.15 2460.19 587.61 | 1.8644
101.00 | 24.12 |2545.64 608.02 2444.65 583.89  1.8694
121.41 | 29.00 |2554.51 610.13 2433.10 581.14  1.8736
137.77 | 32.91 |2561.59 611.83 2423.82 578.92  1.8774
151.50 | 36.19 |2567.51 613.24 2416.01 577.05  1.8808
163.38 | 39.02 |2572.62  614.46 2409.24 575.44 | 1.8840
173.87 | 41.53 2577.11| 615.53 2403.25| 574.01 1 1.8871
183.28 | 43.78 |2581.14 616.49 2397.85 572.72 | 1.8899
191.84 | 4582 |2584.78| 617.36 2392.94 571.54  1.8927
251.46 | 60.06 |2609.86 623.35 2358.40 563.30  1.9156
289.31 | 69.10 2625.43 627.07 2336.13 557.97 1.9343
317.65 | 75.87 2636.88 629.81 2319.23| 553.94 | 1.9506
340.57 | 81.34 2645.99 631.98 2305.42| 550.64 | 1.9654
350.93 | 85.97 2653.57 633.79 2293.64| 547.83 | 1.9790
376.77 | 89.99 2660.07 635.35 2283.30| 545.36 | 1.9919
391.73 | 93.56 2665.77 636.71 2274.05 543.15  2.0040
405.21 | 96.78 2670.85 637.92 2265.65  541.14 | 2.0156
41751 | 99.72 |2675.43 639.02 2257.92| 539.30 | 2.0267
428.84 | 102.43 2679.61 640.01 2250.76 537.59  2.0373
439.36 | 104.94 2683.44 640.93 2244.08| 535.99 | 2.0476
449.19 | 107.29 2686.98 641.77 2237.79 534.49  2.0576
458.42 | 109.49 2690.28 642.56 2231.86  533.07 | 2.0673
467.13 | 111.57 2693.36 643.30 2226.23 531.73  2.0768
467.13 | 111.57 2693.36 643.30 2226.23 531.73  2.0768
475.38 | 113.54 2696.25 643.99 2220.87| 530.45 | 2.0860
483.22 | 115.42 2698.97 644.64 221575 529.22  2.0950
490.70 | 117.20 2701.54 645.25 2210.84| 528.05 | 2.1037
497.85  118.91 2703.98 645.83 2206.13 526.92  2.1124
504.71 | 120.55 |2706.29  646.39 2201.59 525.84 | 2.1208
517.63 | 123.63 2710.60 647.42 2192.98 523.78  2.1372
529.64  126.50 2714.55 648.36 2184.91 521.86 2.1531
540.88 | 129.19 |2718.17 649.22 2177.30 520.04 | 2.1685
551.45 | 131.71 2721.54 | 650.03 2170.08 | 518.32 | 2.1835
561.44 | 134.10 2724.66 650.77 2163.22 516.68  2.1981
584.28 | 139.55 2731.63 652.44 2147.35 512.89  2.2331
604.68 | 144.43 2737.63 653.87 2132.95 509.45  2.2664
623.17 | 148.84 2742.88 655.13 2119.71 506.29 | 2.2983
640.12 | 152.80 2747.54 656.24 2107.42 503.35  2.3289
655.81 | 156.64 2751.70 657.23 2095.90 500.60 | 2.3585
670.43 | 160.13 |2755.46 658.13 2085.03 498.00 | 2.3873
684.14 | 163.40 2758.87  658.94 2074.73 495.54  2.4152
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7.5

8.5

9.5
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

164.96
167.76
170.42
172.94
175.36
177.67
179.88
184.06
187.96
191.60
195.04
198.28
201.37
204.30
207.11
209.79
212.37
214.85
217.24
219.55
221.78
223.94
226.03
228.06
230.04
231.96
233.84
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0.273
0.255
0.240
0.227
0.215
0.204
0.194
0.177
0.163
0.151
0.141
0.132
0.124
0.117
0.110
0.105
0.100
0.095
0.091
0.087
0.083
0.080
0.077
0.074
0.071
0.069
0.067

Copyright © 2010 Leather Working Group. All Rights Reserved

3.667
3.915
4.162
4.409
4.655
4.901
5.147
5.638
6.127
6.617
7.106
7.596
8.085
8.575
9.065
9.556
10.047
10.539
11.032
11.525
12.020
12.515
13.012
13.509
14.008
14.508
15.009

697.07
709.30
720.94
732.03
742.64
752.82
762.60
781.11
798.42
814.68
830.05
844.64
858.54
871.82
884.55
896.78
908.56
919.93
930.92
941.57
951.90
961.93
971.69
981.19
990.46
999.50
1008.33

166.49
169.41
172.19
174.84
177.38
179.81
182.14
186.57
190.70
194.58
198.26
201.74
205.06
208.23
211.27
214.19
217.01
219.72
222.35
224.89
227.36
229.75
232.08
234.35
236.57
238.73
240.84
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2761.98
2764.84
2767.46
2769.89
2772.13
2774.22
2776.16
2779.66
2782.73
2785.42
2787.79
2789.88
2791.73
2793.37
2794.81
2796.09
2797.21
2798.18
2799.03
2799.77
2800.39
2800.91
2801.35
2801.69
2801.96
2802.15
2802.27

659.69
660.37
661.00
661.58
662.11
662.61
663.07
663.91
664.64
665.29
665.85
666.35
666.79
667.18
667.53
667.83
668.10
668.33
668.54
668.71
668.86
668.99
669.09
669.17
669.24
669.28
669.31

2064.92
2055.53
2046.53
2037.86
2029.49
2021.40
2013.56
1998.55
1984.31
1970.73
1957.73
1945.24
1933.19
1921.55
1910.27
1899.31
1888.65
1878.25
1868.11
1858.20
1848.49
1838.98
1829.66
1820.50
1811.50
1802.65
1793.94

493.20
490.96
488.80
486.73
484.74
482.80
480.93
477.35
473.94
470.70
467.60
464.61
461.74
458.95
456.26
453.64
451.10
448.61
446.19
443.82
441.50
439.23
437.01
434.82
432.67
430.56
428.48
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2.4424
2.4690
2.4951
2.5206
2.5456
2.5702
2.5944
2.6418
2.6878
2.7327
2.7767
2.8197
2.8620
2.9036
2.9445
2.9849
3.0248
3.0643
3.1034
3.1421
3.1805
3.2187
3.2567
3.2944
3.3320
3.3695
3.4069



Appendix Il

Species

Alder, Red

Ash

Aspen

Beech

Birch

Cedar, Incense
Cedar, Port Orford
Cherry
Chinquapin
Cottonwood
Dogwood
Douglas-Fir

Elm

Eucalyptus

Fir, Grand

Fir, Red

Fir, White
Hemlock, Western
Juniper, Western
Laurel, California
Locust, Black
Madrone
Magnolia

Maple, Big Leaf
Oak, Black

Qak, Live

Oak, White

Pine, Jeffery
Pine, Lodgepole

Pine, Ponderosa

ISSUE 5 FINAL

Million Btu/Cord*

18.4-195
245-26.0
17.0-18.0
28.6-30.4
25.9-275
17.8-20.1
20.7-23.4
22.3-23.7
23.2-24.7
15.8-16.8
28.6-30.4
23.5-26.5
22.3-23.7
32.5-345
17.8-20.1
18.3-20.6
18.8-21.1
21.6-24.4
23.4-26.4
246-26.1
29.5-314
29.1-30.9
22.3-23.7
21.4-22.7
25.8-27.4
34.4-36.6
26.4-28.0
19.3-21.7
19.7-22.3
19.3-21.7
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Wood Heating and Weight Values

Cord Weight
(pounds) **
DRY

2000 - 2600
2680 - 3450
1860 - 2400
3100 - 4000
2840 - 3650
1800 - 2350
2100 - 2700
2450 - 3150
2580 - 3450
1730 - 2225
3130 - 4025
2400 - 3075
2450 - 3150
3550 - 4560
1800 - 2330
1860 - 2400
1900 - 2450
2200 - 2830
2400 - 3050
2690 - 3450
3230 - 4150
3180 - 4086
2440 - 3140
2350 - 3000
2821 - 3625
3766 - 4840
2880 - 3710
1960 - 2520
2000 - 2580
1960 - 2520

Cord Weight
(pounds) **
GREEN

3200 - 4100
4630 - 5460
3020 - 3880
4890 - 6290
4630 - 5960
3020 - 3880
3400 - 4370
4100 - 5275
3670 - 4720
2700 - 3475
5070 - 6520
3930 - 5050
4070 - 5170
6470 - 7320
3020 - 3880
3140 - 4040
3190 - 4100
4460 - 5730
4225 - 5410
4460 - 5730
6030 - 7750
5070 - 6520
4020 - 5170
3840 - 4940
4450 - 5725
6120 - 7870
4890 - 6290
3320 - 4270
3320 - 4270
3370 - 4270
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Pine, Sugar

Redwood, Coast

Spruce, Sitka

Sweetgum (Liquidambar)

Sycamore

Tanoak

Walnut, Black

Western Red Cedar

Willow, Black

17.3-19.6
17.8-20.1
19.3-21.7
20.6-21.9
21.9-233
25.9-275
245-26.0
154-17.4
17.5-18.6
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1960 - 2270
1810 - 2330
1960 - 2520
2255 - 2900
2390 - 3080
2845 - 3650
2680 - 3450
1570 - 2000
1910 - 2450

2970 - 3820
3140 - 4040
3190 - 4100
4545 - 5840
4020 - 5170
4770 - 6070
4450 - 5725
2700 - 3475
3140 - 4040

* British thermal unit (Btu) values based on specific gravity of 80 cubic feet per cord. 8000 to 8500
Btu per pound for non resinous woods. 8600 to 9700 Btu per pound for resinous woods.

** Weights:

e Lower value of range assumes 70 cubic feet of wood per cord.

e Higher value of range assumes 90 cubic feet of wood per cord.

e Dry weight at 12 percent moisture content.

e Green weight at 40 to 60 percent moisture content.

All moisture contents based on "wet" wood basis.

http://www.consumerenergycenter.org/home/heating_cooling/firewood.html
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Appendix llI
Determination of VOC emissions

EU Council Directive 199/13/EC states (with respect to leather manufacture)

Where the organic solvent consumption per year is more than 10, but less than 25 tonnes, the total emission limit
value is 85 g/mz' Where it is over 25 tonnes per year, the limit is 75 g/mz. The emission limits are expressed in
grams organic solvent emitted per m? of end-product (p15).

EU Council Directive 199/13/EC defines emissions:

9. emission shall mean any discharge of volatile organic compounds from an installation into the
environment; (p3)

Although most VOCs are emitted into air other environmental receptors such as water and
soil are not excluded:

The purpose of this Directive is to prevent or reduce the direct and indirect effects of emissions of
volatile organic compounds into the environment, mainly into air, and the potential risks to human
health, by providing measures and procedures to be implemented for the activities defined in Annex |, in
so far as they are operated above the solvent consumption thresholds listed in Annex IIA. (p3)

The Directive indicates that VOCs that are recovered for reuse or destroyed are not included
amongst that calculations for those that are emitted into air other environmental receptors.
Emissions can be calculated according to the following equations given in Annex Il (pp 21-
22):.

E=F+01
F=I1-01-05-06-07-08

Or E=11-05-06-07-08

Where
E emissions
F fugitive emissions
11 The quantity of organic solvents or their quantity in preparations purchased which are used as
input into the process in the time frame over which the mass balance is being calculated.
01 Emissions in waste gases.
05 Organic solvents and/or organic compounds lost due to chemical or physical reactions

(including for example those which are destroyed, e.g. by incineration or other waste gas or
waste water treatments, or captured, e.g. by adsorption, as long as they are not counted under

06, O7 or O8).

06 Organic solvents contained in collected waste.

o7 Organic solvents, or organic solvents contained in preparations, which are sold or are intended
to be sold as a commercially valuable product.

08 Organic solvents contained in preparations recovered for reuse but not as input into the

process, as long as not counted under O7.

The spraying operations in the tannery do not result in complete transfer of finishing
chemicals onto the leather. There is a certain amount of “bounce-back” and “overspray”. The
amount of chemical transferred to the waste water stream is approximately 70% of that
applied via conventional spray equipment, 25% if HVLP guns are used' although industrial
studies indicate transfer efficiencies closer to 45% for conventional spray equipment and
60% for HVLP"

If a water wash scrubber is used those chemicals that are not transferred onto the surfaces
of the leather will be collected by the water wash. Water miscible solvents will be transferred
in these washings to the effluent treatment plant. If the effluent treatment plant incorporates
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biological treatment biodegradable solvents will be destroyed. This quantity can be counted
within output “O5”.

Solvents that are biodegradable can be ascertained by reference to various International
sources such as the OECD Screening Information Dataset that can be accessed via various
links i.e. (http://www.inchem.org/pages/sids.html)

Classification as VOC, water miscibility and biodegradability data for chemicals encountered
in tanneries are given in the tables below.

For the purposes of establishing whether VOC emissions are being controlled VOC
emissions per unit area can be determined as follows:

Mass of VOC issued into production during the period under consideration

Less (% finish applied via HVLP system X 0.40)

provided overspray finish is adsorbed in a water wash, the solvent is biodegradable and the water wash
is treated up to and including biological effluent treatment

Less (% finish applied via conventional system X 0.65)
provided overspray finish is adsorbed in a water wash, the solvent is biodegradable and the water wash
is treated up to and including biological effluent treatment

Less mass of solvent recovered
provided proof of mass of solvent recovered is provided

Divided by Area of leather produced during the period under consideration

i (Integrated Pollution Prevention and Control (IPPC) Reference Document on Best Available Techniques
for the Tanning of Hides and Skins May 2001. p139)

" Reduction Of Voc Emissions Using Hvlp Guns And Electrostatic Spraying (Translated Title)
Tomaselli M #&# et al, Cuoio Pelli Mater Concianti 1996, 72 (1) 21-31
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