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Rice Husk

Plug Screw feeder

Biochar

Air

Combusted Vapor

Pyrolysis
Reactor

Thermal
Oxidiser

Air

Stream ID 1 2 3 4 5 6 7 8

Stream Description Raw Rice Husk Raw Rice Husk Air Biochar Vapor Gas (Air) Gas Gas

Origin / Destination Feed -> Plug Screw Plug Screw -> Reactor Air Ingress -> Reactor Reactor -> Discharge Reactor -> Oxidiser Ambient -> Oxidiser Oxidiser -> Reactor Reactor -> Heat exchanger

Phase State Solid Solid Gas (Air) Solid Gas (Vapor) Gas (Air) Gas Gas

Moisture (H2O) 400 400 0.32 796 373 2402 2402

Ash / Silica (SiO2) 617 617 617

Carbon (C) 1401 1401 508 893

Hydrogen (H) 200 200 18.1 138

Oxygen (O) 1366 1366 2.6 48 969 3008 501 501

Nitrogen (N) 13 13 8.5 9 12.3 9788 9800 9800

Sulphur (S) 0.8 0.8 0.8

Chlorine (Cl) 3.2 3.2 3.2

Carbon Dioxide (CO2) 3272 3272

Sulfur Dioxide (SO2) 1.6 1.6

Hydrogen Chloride (HCI) 3.3 3.3

Argon (Ar) 169 169 169

Total Mass Flow (kg/h) 4000 4000 11.6 1200 2812 13338 16149 16149

Temperature (°C) 35 35.00 35 700 680 35 1200 900

Lower Heating Value (MJ/kg) 13 13 12.5 16.7

Chemical Energy Rate (kW) --- 14556 4172.2 9346

Thermal Energy (kW) --- --- 0.03 382.5 655 37.4 9034.5 6878.1

Boie Correlation HHV (MJ/kg) 18.19

Assumptions

Feedstock: Rice Husk

Feed rate: 4000 kg/h

Feed Moisture Content: 10%

Biochar yield of wet feed: 30%

Bio-oil yield of wet feed: 0%

Feed bulk density: 120 kg/m^3

Feed is unwashed

Ambient conditions: 35C 80%RH

All moisture evaporates i.e. the biochar is dry

Chemical dehydration releases 11% of dry feed as water

Thermal efficiency of pyrolysis reactor = 85%

No heat losses between components i.e. pipes, valves, etc

Heat losses of oxidiser = 10%

Plug screw feeder increases feed density to 380 kg/m^3

Reference conditions are 25C 1 atm

Specific heat of rice husk = 0.0016 MJ/kg °C

To boil water, it takes 2.57 MJ/kg

Specific heat of steam = 0.002 MJ/kg °C

Reaction energy of pyrolysis (enthalpy) = 0.35 MJ/kg

Retort Shell Overall Heat Transfer Coefficient (U) = 50 W/m²·K

Thermal oxidiser excess air ratio 20% (Lambda 1.2)

Thermal oxidiser minimum residence time = 2.0 seconds

Vapor LHV of 17 MJ/kg dry basis

Nox has been excluded from the analysis

There is zero particulate carry over

Component / Element Rice Husk (wt%) [ar] Rice Husk Biochar (wt%) [daf]

Phyllis 2 # 2135 1154

Proximate Analysis

Moisture content 10

Ash content 15.42

Ultimate Analysis

Carbon 35.03 87.14

Hydrogen 5 3.11

Oxygen 34.15 8.21

Nitrogen 0.32 1.54

Sulphur 0.02

ar - as received daf - dry ash free

Overall System Boundary Elemental Balance

Element / Species
Total In
(kg/h)

Source (In)
Total Out

(kg/h)
Closure

(%)
Source (Out)

Moisture (H2O) 2402
Feed + Air +

Chem Dehy + Air
+ Chem Dehy

2402 100.0% Flue Gas

Ash / Silica (SiO2) 617 Feed 617 100.0% Biochar

Carbon (C) 1401 Feed 1401 100.0% Biochar + as CO2

Hydrogen (H) 200 Feed 200 100.0%
Biochar + Chem

Dehy

Oxygen (O) 4376 Feed + Air + Air 4376 100.0%
Biochar + as O2 +
as CO2 + as SO2

+ Chem Dehy

Nitrogen (N) 9800 Feed + Air + Air 9800 100.0% As N2

Sulphur (S) 0.8 Feed 0.8 100.0% As SO2

Chlorine (Cl) 3.2 Feed 3.2 100.0% HCI

Total mass 18800 18800 100.0%


