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Problem, potential solutions and strategy

Tar formation

Operate on the minimum tar production point
Need a tar detection system

Must be robust and inexpensive

Biomass variety
Feedstock
Blending
Pretreatment

Real time control
Inexpensive, robust

LCA, Techno-economic analysis
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Real time control of gasification processes to increase tolerance to
biomass variety and reduce emissions

EPSRC SUPERGEN Bioenergy Challenge lI
March 2nd 2015 — August 2018

Aims

* To investigate the effect of biomass harvest and pretreatment variables on gasification
efficiency and output greenhouse gas and particulates

 To develop control systems to broaden the scope of biomass input into the system,

reduce tar formation and optimize the syngas quality.

Scope

 Development of gasification systems (Glasgow/Aston))

* Modelling gasification processes (Glasgow/Aston)

* Real time control and instrumentation of gasification system (Glasgow/Aston)

 Robust and inexpensive tar detection system (Glasgow/Aston)

» Assess impact of biomass variety and pre-treatment (Aberystwyth)
Techno-economic analysis and Life cycle assessment (LCA) (Manchester)
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Tar levels as a function of ER
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Tar levels as a function of temperature
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Gasification System
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Throat

70 mm (ID)
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Tar Detection Methods
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Vibrational
relaxation __
Vibrational '

Fluorescence L. oRm
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Tar Detection-Fluorescence
Online Tar Detection System, calibration (Gas phase)
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Tar Detection-Fluorescence
Online Tar Detection System connected to gas flow by-pass
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Tar Detection-Fluorescence
Online Tar Detection System, heating pads (Gas phase)
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Instrumentation and Control

Desktop PC Record and live video streaming Condenser Syngas exhaust
Hot water Out ‘l =it T12 ' ]

JI

e i Hot gas filter ] P02 _ Moisture
[ Cold water|In or Bio-oil
T02
| Coulym)

' collection

System

" P01 _T08 T
!
Heating tape " T
Controller
Airflow Controller | : . Weight
Arduino Mega - sensor
: T04 ADK —
| microcontroller  Liquid flow sensor
l —

Downdraft ‘
Air Inlet m— Gasifier ' TO05

Arduino Mega ADK to the PC using a USB cable

Gas analyser

Gas In
E ©
USB I
= @

Gas Out

TO1 to T10 are K-type thermocouple sensors
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Version 1 (Present) Version 2 (now completed)
1) Three 20*4 Character LCD 1) Touch Screen
2) Sensors: 12-thermocouple, 1- weight  2) Sensors: 12-thermocouple, 2-weight
load, 1-airflow, 1-liquid flow, 1- load, 1-airflow, 1-Mass flow
Pressure. controller, 1-liquid flow, 2-Pressure,
Controlling through mobile or Wi-Fi.
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Real time data collection and graph plotting in
Microsoft excel
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Liquid flow sensor Air flow sensor Pressure Sensor

(Sourceing : ion, (Eldcer, 0 to 1.2
+200 Limin) Pa)

K-type thermocouple with Max31855
amplifier (Tempcon, -200 to #1350 °c)

B xnnsnd

Debugging screen with HD44780
(Gaoxing Tech., 20*4)

Touch Display
(Nextion, 7" inch)

Heating Re:-‘r’ Air
tape ow
Control. ARy controller

Weight sensor with HX711 amplifier
[Seedstudio, 0 to 50Kg)
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Conclusion

e Instrumentation completed

« Data logging completed

« Control strategy developed

« Experiments on feedstock and output fluctuations in progress

e System errors

e Tar detection system assembled and being calibrated against
tar standards and on gasification of biomass
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