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OBJECTIVE

To study the effect of temperature and the addition of acids during the hydrothermal carbonization of
digested sludge to recover phosphorus, nitrogen and potassium into the process water




Nutrient recovery from HC
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Total phosphorus (g/L)
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Evolution of total phosphorous in the process water during HTC reaction (a) without acid, (b) mediated by HCI
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Evolution of metallic cations dissolved in the process water during HTC at (a) 170 °C

and (b) 230 °C and HTC mediated by 0.5 M HCl at (c) 170 °C and (d) 230 °C
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Evolution of total nitrogen in the process water during HTC reaction (a) without acid, (b) mediated by HCI
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Evolution of total potassium in the process water during HTC reaction (a) without acid, (b) mediated by HCI




Distribution of nutrients in hydrochar and process water from HTC of digested sludge (d.b)

Sample N P K Sample N P K

t"HC-170 ", 28.4 14.1 18.4 PW-170 27.9 13.9 13.0
 HC-200 : 18.8 18.2 15.2 PW-200 37.3 10.2 15.9

HC-230 1 169 186 145 PW-230 392 97  16.8
C{VV_I—IE-_ﬁO -~ 206 43 120  L-170 78 98 6.4
|WHC200 118 55 8.4 L-200 70 127 6.8 i
WHC-230 100 48 5.7 L-230 69 138 88
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HC-170-01 198  11.0° 183 PW-170-01 365 170 134
HC-170-05 87 36 109 PW-170-05 474 249 207
HC-200-0.3 110 95 121  PW-200-03 451 190  19.2
HC-230-0.1 117 109 139 PW-230-0.1 445 171  17.3
HC-230-05 09 33 112 PW-230-05 5544 2558 210




Total nitrogen (N/N,)

Total phosphorus (P/P,)
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Total NH,-N (NH,-N/N,)

Total potassium (K/K,)
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“Graded thermally and densified biomass fuels”

--

ISO 17225-8

HHV
(MJ kg

<10 <75 <3 <0.5

T [HCI] _ Proximate analysis (wt. %) Ultimate analysis (wt. %) HHV
Yield FC VM Ash C N S H O  (MJkg?Y

Digested sludge x -  10.8¢0.3 59.4+0.4 20.8+0.2  30.5+0.3 560.1 1.4+0.1 4.620.1 28.1+0.1 126
HC170  x 764  11.1#0.2 49.9+0.3 39.0+0.1  28.3+0.1 3.7#0.1 1101 4.2+0.1 24.0:01 115
HC200 X 57.6 11.3t0.1 453%0.8 43.4+0.1  27.7+0.1 3.3%0.1 1.2+01 3.9+0.1 20501 11.4
HC230 X 57.1 11.44#0.1 43.9+0.1 44.7+0.1  27.3%02 3.0¢0.1 07+0.1 3.9+0.1 17.4#0.1 125
WHC170 x 508  19.2+0.1 70.3+0.1 105+0.1  42.7+0.6 2.6+0.1 04#01 5101 38.7+0.1 17.0
( WHC200 v 39.7 18701 712:01 10.1%0.1 523302 2.1%01 0.2:01 59+0.1 20.4x01 219 |
(_WHCZ0 /401 190801 TA3:01 97:01 524501 20:01 02401 57401 300:01 219
HC-170-0.1 X 53.7 12.1#05 50.2+0.1 37.7¢2.3  28.4+0.1 3.7¢+01 1.0#0.1 4.1+01 251401 11.3
HC-170-05 X 259 16.7+0.3 48.3x0.1 35.0+07  30.9+0.4 3.3:0.1 0.9#0.1 4.2+01 25701 12.4
HC-200-0.3 X 31.9 12.620.1 47.4+0.1 40.0+0.1 312406 35+0.1 0.8:0.1 4.2+01 20.3+0.1 13.2
HC-230-0.1 X 315 125+0.2 47.4+0.1 40.1+0.3  315+0.6 35+0.1 10#01 42401 19.7+0.1 13.
HC-230-05 X 51.4 17.4+0.1 43.9+0.1 38.7+0.1  29.1+0.2 2.3#0.1 1.2+0.1 3.8+0.1 24.9:+0.1 127




Hydrochar Management

T [HCI] metals (mg kg™) Organicsiiertilizer
,_______________f‘s___gd___ Cr____C_u____lig____l\li____P_b____zn_(/S:)ilamendment
Regulation (EU) 2019/1009 ~_ 40~ 2 2 300 1 't 0 ___ 0 800

Digested sludge <0.1 <0.1 0.6 0.6 <0.1 0.4 <0.1 3.7 7
HC170 <0.1 <0.1 0.7 0.5 <0.1 0.4 <0.1 2.4
HC200 <0.1 <0.1 0.6 0.7 <0.1 0.4 <0.1 3.2
HC230 <0.1 <0.1 0.4 0.7 <0.1 0.4 <0.1 4.7

WHC170 <0.1 <0.1 0.2 0.3 <0.1 0.1 <0.1 2.3

WHC200 <0.1 <0.1 0.3 0.5 <0.1 0.2 <0.1 2.5

WHC230 <01 <01 03 0.5 <0.1 0.2 <0.1 26 |

HC-170-0.1 <0.1 <0.1 0.4 0.6 <0.1 0.3 <0.1 2.8

HC-170-0.5 <0.1 <0.1 0.3 0.7 <0.1 0.2 <0.1 2.5

HC-200-0.3 <0.1 <0.1 0.3 0.4 <0.1 0.2 <0.1 2.2

HC-230-0.1 <0.1 <0.1 0.3 0.5 <0.1 0.2 <0.1 3.1

HC-230-0.5 <0.1 <0.1 0.2 0.5 <0.1 0.2 <0.1 21




Conclusions

P recovery in process water N recovery in process water K recovery in process water

98 % N
47 % NH,-

t =60 min
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