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Wales Centre of Excellence for Anaerobic Digestion

of South

e Established in 2008 with financial support from WG and ERDF

 Expand knowledge and expertise for a rapid and successful
deployment of anaerobic technologies

e The Centre acts as a process development platform and
delivers:

— Industrial focus R&D

— feasibility studies; feedstock and digestate analysis

— system monitoring, diagnostics and optimisation

— analytical method development

— development of new of improved processes and products
— regulatory and policy development support

— awareness raising and training events

— Engaged with over 150 companies

www.walesadcentre.org.uk
=
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University USW Team’s Expertise CENTRE OF EXCELLENCE

of South

LEG & Facilities

e Team has decades of
experience in bioreactors
design, integration,
monitoring and control

 Novel process development
in the lab (1-100 I), pilot
(200 1 -30 m3) and full scale
experience (50-7000 m3)

e Pure and mixed culture
reactor facility

e (1 Gas fermenters

© University of South Wales
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USW Team’s Expertise L ——

University

of South

feles & Facilities

. Ef(pertlse in blore.actor‘s, blochem.lstry,. L_,J S S tr TS S
biotechnology, microbiology, engineering, :
monitoring, modelling and control, economic iL““":" ==l vyl
and environmental appraisals , pi -

e 450 m? lab space, 13 labs, an extensive suite of
analytical equipment - headspace GC/FID, ion
chromatography, ICP-AES, CHNSO, TOC, TKN
analysers, GC/TCD, GC/FPD, GC/MS/MS, SEM,
NMR, SFE, GC-MIS, on-line FT-NIR, rheometer,
zeta potential analyser, particle sizer, lon
Torrent Sequencer, RT-PCR and DGGE

e ADM1 model, Al tools, LCA software/databases
and CFD software TR T L I
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ENTR LLENCE

ey Storage of
Wales _— / .......... 285 (SNG)
Renewable

[ J [ J
Compressed air
storage [CAES)

0.01 '_
. 1 kWh 10 kWh 100 kWh 1 MWh 10 MWh 100 MWh 1GWh 10 GWh 100 GWh 1TWh 10 TWh 100 TWh (Source: SPeCht et al . 2009)
Discharge time (h) Storage Capacity
Batteries <10 hrs Batteries 1 kWh - 60 MWh
Pumped hydro 10-600 hrs Pumped hydro 100 MWh - 60 GWh
Synthetic methane 1 - 10,000 hrs Synthetic methane 60 GWh —30 TWh
. Batteries — expensive, not environ. friendly & short life . Power to green gas
. Pumped hydro & underground compressed air storage — Sabbatier conversion using metal catalysts — expensive,
are limited by geographical factors high temp requirement, low selectivity, low yields and
e Super capacitors, superconducting coils & flywheels — deactivation
short discharge period — suitable only as emergency UPS — Biomethanation — low cost, low temp., high throughput
units & conversion efficiency and resistant to contaminants

© University of South Wales
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e AERIOGEN® Technology

Methanation

Natural gas Gas storage
network

Integration of power to gas in the energy infrastructure
(DENA, 2015)

Increased productivity of RE assets
Increase deployment of RE generation
Reduce elec. grid constraints

Grid scale energy storage

Integration of elec. & gas grids
Decarbonise gas grid

Decarbonise domestic, industrial heat
and transport fuel sectors

Energy, chemical and food security
Valorise industrial CO, emissions

© University of South Wales



Unlocking new potential with R&D

ADBA 2025 "high" potential scenario
TWh useable energy (after 10% Useable energy after R&D (after 10%

Feedstock type parasitic) parasitic)

Household food waste 4 5
C&l food waste 5 6
Farm animal wastes and bedding 8 9
Crops 12 17
Sewage sludge 5 5
Other potential sources 2

Nature conservation managed 0.4
Straw 3
Uncontaminated organic street sweepings (e.g. leaves) and park waste (e.g. grass cuttings and leaves). 3
Pretreatment, dry AD.

Household garden waste (e.g. grass cuttings and leaves). Pretreatment, dry AD. 3
Orchard waste (e.g. apple pomace)

AD integrated into greenhouse horticulture with waste heat, CO2 use 2
Glycerol - dependant on biodiesel industry 0.5
Fish processing waste - conventional sources 0.5
Higher value food production integration such as hydroponics, aquaponics and aquaculture (overlap with )
greenhouses)

Microalgae (e.g. using nutrients from sewage sludge, digestate etc. and waste heat, co2 and water from AD 4
plants). Also potential to use excess grid electricity.

Macroalgae (e.g. seaweed etc.) 1
Power-to-gas via hydrogen with AD 31.8
Total 35.4 95.3
Domestic gas demand 300 270
Percent of domestic gas demand 12% 35%

oo ADBA |52 ladbioresources.org
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Potential Integrations
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L ®reriCocgleMyMaps
AD infrastructure (outside Water sector); CO, is
available at all these locations and can easily be used,
in the BtG (biomethane to grid) plants in green colour
the CO, has already been separated and is ready to
use (Source: AD portal biogas map, March, 2017

(Source: Carbon Brief Org website, March 2017)

Current distribution of energy generation in the UK (sources of
CO, can be identified for coal, gas and biomass energy
generation sites; renewable energy sites are also indicated)
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f South . . . .
Wales Biogas Upgrading vs. Biomethanation

60% CH, >99% CH,

40% CO,

PSA
Water scrubbing
Organic scrubbing
Amine scrubbing
Membrane separation

Biomethanation
AERIOGEN®

© University of South Wales
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(P2G & Biogas Upgrading)

e High conversion efficiencies for lab scale >99% CH, at a throughput of >300 vvd

e Stable pH by controlling the CO, — H,CO, buffering system

* Nutrient quasi closed system. Syntrophic relation between hydrogenotrophic
species and bacterial background responsible for biomass recycling

 Dewatering system under optimisation with sporadic top-up of certain elements
and reduced dilution of biomass

e Fast recovery after long fasting periods / Fast recovery after oxygenation

e Potential for zero methane slip

 Improvements in reactor design eliminates the need of intense mixing, reducing
energy input while increasing gas throughputs

© University of South Wales
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Liquid Recirculation Reactor Design

|——— Liquid flow

Gas flow +ssssssses Communication |

1
: —| Dryer H €0y sensor H Hy sensor H(&Iasemot H Gas flow meter i—)

1 i : z : Contents lists available at ScienceDirect

1 N Bioresource Technology

I I [=o pHprobe sseveessee] par collection and

; : I——3+:e0s: Thermistor cesees control journal homepage: www.elsevier.com/locate/biortech

! 1 sess Heating element “”...“j g

: ¢ H De-compressors

: 1 Closed nutrient recycling via microbial catabolism in an eco-engineered @Cmmm

1 . . . . . .

" ) self regenerating mixed anaerobic microbiome for hydrogenotrophic

1 1 methanogenesis

1 ]
T 1 Sawvas Savvas *”* Joanne Donnelly *°, Tim Patterson *°, Richard Dinsdale °, Sandra R. Esteves *”
pump *Wales Centre of Excellence for Angerobic Digestion, University of South Wales, Pontypridd CF37 1DL. Wales, UK

® Sustainable Environment Research Centre, Faculty of Computing Engineering and Scence, University of South Wales, Pontypridd (F37 101, Wales, UK
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University AERIOGEN® High Methane Quality IR (X oF excelLEnCE
Output and Control Over Time

Relative quantities of individual groups at start-up and after 171 days of
operation

of South
Wales

6.H%
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110.0 g 8.0 day 1:  2.6E+09
E day 171: 6.8E+09
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= Methanosaeta w Hydrogenotrophs

Input gases control allow >99% quality
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Savvas et al. (2017) s ae Ly e s e ae am e
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Bioresource Technology 257 (2018) 164-171

Contents lists available at ScienceDirect

Bioresource Technology

journal homepage: www.elsevier.com/locate/biortech

Methanogenic capacity and robustness of hydrogenotrophic cultures based
on closed nutrient recycling via microbial catabolism: Impact of temperature
a n u p po rt and microbial attachment

Savvas Savvas™’, Joanne Donnelly®, Tim Patterson®, Zyh Siong Chong”, Sandra R. Esteves®

* Wales Centre of Excellence for Anaerdbic Digestion. Sustainable Environment Research Centre, University of South Wales, Pontypridd CF37 1DL. Wales, UK
M I [ ]  Engineering Research Centre, Faculty of Computing, Engineering and Science, University of South Wales, Ponppridd CF37 1DL. Wales, UK
E IE ARTICLE INFO ABSTRACT
Keywords: A biological methanation system based on nutrient recycling via mixed culture microbial catabolism was in-

Hydrogenotrophic methanogenesis vestigated at ¢ (37°C) and ¢ (55°C) the for-

[ ] A 1
Biofilm ‘mation of biofilms on two different types of material was assessed. Results showed that with intense mixing the
Pawer to gas biofilm reactors T ities (per working volume) 50% higher than the ones operated
Energy storage with suspended cultures. Gas feeding rates of 200 L/L/d were achieved at a H,/CO; to CH, conversion efficiency

of above 90% by linking two reactors in series. Furthermore the robustness of the cultures was assessed under a
series of inhibitory conditions that simulated possible process interferences at full scale operation. Full recovery
after separate intense axygenation and long starvation periods was observed within 2-5 days

;

——Reactor 1 Reactor 2 ——Reactor 3 ——Reactor 4 B

0
-
o
=]

8.00E+02 | %Recovery

m 2 e —————— 7.00E+02
: 6.00E+02 f 2 d y
| T 80 _. arter ays
| é‘* 70 5.00E+02
.2 60 4.00E+02
::Ea 50 . o — M Bacteria
g % Oxygenation = & Total M.
|8 3o 2.00E+02
| g 20 1.00E+02
'E 10 0.00E+00 -
| O o o r -1.00E+02 — -
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| e e B B RS RS -2.00E+02
| ours
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Homoacetogenesis Pathway in Suspended Anaerobic Mixed Cultures
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Savvas et al., 2018
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Biomethanation Process - Parasitic Energy

Bioresource Technology 245 (2017) 10491057

Contents lists available at ScienceDirect

Bioresource Technology

journal homepage: www.elsevier.com/locate/biortech

Integration of Power to Methane in a waste water treatment plant — A @ CrossMark
feasibility study
Tim Patterson™"*, Savvas Savvas™", Alex Chong", Ian Law", Richard Dinsdale”, Sandra Esteves™"

*Excellence for Anasrobic Digestion, Faculty of Computing Engineering and Science, University of South Wales Ponnpridd, Wales CF37 IDL, UK

ironment Research Centre (SERC), Faculty of Computing, Engmeering and Science, University of South Wales, Pongpridd, Wales CF37 1 DL UK
rarch Centre, Faculty of C v neering and Science, University of South Wales Pontypridd, Wales CF37 1DL, UK

ervices Lrd | Kings Weston Lane. Avonmouth, Brisol BS11 0YS, UK

E INFO ABSTRACT

The integration of a biomethanation system withina wastewater treatment plant for conversion of CO; and Ha to
CH, has been studied. Results indicate that the €05 could be utilised to produce an additonal 13,420 m*day of
CHy, equivalent to approximately 133,826 kWh of energy. The whole conversion process including electrol ysis
was found to have an energetic efficiency of 66.2%. The currently un-optimised biome thanation element of the
process had a parasitic load of 19.9% of produced energy and soategies to reduce this to < 5% are identified.
The system could provide strategic benefits such as integrated management of electricity and gas networks,
energy storage and maxdmising the deployment and efficiency of renewable energy assets. However, no policy or
financial frameworks exist to attribute value to these increasingly important functions.

® Electrolyser ®m Biomethanation Mixing

m Biomethanation Water Removal m Biomethanation Heating

m Gas Compression

© University of South Wales
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Plug flow of gases and liquid e Applied Energy
through a tube replaces intense journal homepage: www.elsevier.com/locate/apenergy

ag |tat|0n Biological methanation of CO5 in a novel biofilm plug-flow reactor: A @Cmmm
high rate and low parasitic energy process

| F ik i avvas Savvas ™", Joanne Donnelly?, Tim Patterson®, Zyh S. Chong", Sandra R. Esteves
[ m Biofilm OLiquid media ] v v £
| gene copy numbers/ml sample WVales Centre of E Jor Digestion, 5 Research Centre, University of South Wales, Pontypridd CE37 1DL. Wales, UK
f ingineering Research Centre, Facuity of Computing Engineering and Science, University of South Wales, Pontypridd CF37 1DL, Wales, UK
| 4.00E+10 3.23E+10
IGHLIGHTS GRAPHICAL ABSTRACT
‘ 3.00E+10
9. 14E+09 4 novel bio-methanation reactor was
| 2.00E+10 - - designed and evaluated H2/CO2 CHa
. 4 biofilm consisting of mixed
| 1.00E+10 3.21E+08 6.0E+05 anaerobic consortia served as the -
B T 1 -~ > g = sincatalyst. -
[ 1L.67E+09 C:? 1.09E+04 High rate methanogenesis was >
40E-08
| 0.00E+00 -+ 3.91E+06 ==y : sbserved without gas-liquid S
| : - 6.96E+05 agitation. =y
| Bacteria r - L =09 Gas conversion was successfully de- )
MBT = —— zoupled from energy consumption nutrlents-/ "/"
| MMB T nutrients solid phase T
MSC e biofilm
| MST gas phase ¢ ) liquid phase

(feed)

(nutrient solution)
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Wales Feasibility to Scale Up

e Feasibility study: Production of ‘synthetic methane’ using
biological methanation and electrolytic hydrogen

e (O, sourced from existing biogas to biomethane upgrade
facility operating at waste water treatment plant

e H, from rapid-response PEM electrolysis providing grid-
balancing services

e Biomethanation process AERIOGEN®
 Funded by Innovate UK (3 months in 2015)

* Project partners:
& W@i (+) ITM POWER

' WALES&WEST
e S Innovate UK

© University of South Wales
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\VEES

IUK / BBSRC Industrial Biotechnology Catalyst Jan 2016 —
March 2017

Feasibility of an Innovative reactor for enhanced C1 gas
bioconversion for energy production and storage

Evaluate potential for improvement of gas / liquid transfer
in novel reactor

* Production of green methane

* Production of carboxylic acids In novate U I(

95 BBSRC

bmscnence for the future

© University of South Wales
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Flexible Methane Production to Meet Demand

e Points of entry to the gas grid are limited by capacity on a daily basis as
well as due to seasons

— summer up to 1/1000 of that in winter
— AD plants not being able to connect to the gas grid

e Current configurations of AD/biomethane plants:
— are not flexible in terms of gas output
— have long conversion periods and cannot vary output suddenly
— lead to a mismatch between supply/demand

kess Oww

UTILITIES

© University of South Wales
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Ak Flexible Methane Production

Wales
CURRENT FUTURE

Fairly Constant Output Variable Output to Meet Gas Needs

Supporting base load (Daily/Seasonal)
S 4
o— Demand
0 Profile
=)
oI it
(a8
()
C
©
:C—‘ | | | | n | |
QJ > QSO0 1200 1800 2400 QE00
= Time (h)

Time (h)

e Daily and seasonal production to match demand

AD Plant(s) as the only gas supplier(s) or part of a gas supply mix

e Production and supply of methane from organics and inorganic gases

*  Production based on predictive gas demand refined with gas grid feedback control <1 hr response

© University of South Wales



£ A D THE WALES
Pl CEnTRE RENURRO R (ESToes

of South
Wales

Production of high chain alkane gases (C2-C4) from anaerobic
biological processes

e  Production of C2-C4 bioalkanes gases for adjusting methane gas quality for natural gas grid
injection (Wobbe index and CV)

e Reducing propane costs, additional installations and site footprint and even avoid planning
refusal

e Reduce the H&S requirements and risks associated with large propane gas storage on sites by
having production match demand

* Increase the gaseous stream sustainability by utilizing renewably produced alkane gases C2-
C4, which would help further with the decarbonisation of the gas grid

=~ '
ke$ = 0 WALES&WEST
UTILITIES crents Gymasiinasel Evrop
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Start: April 2018 End: Sept 2020

The project is seeking to improve the commercial viability of the
USW Biomethanation process by:

1. Increasing gas throughput, therefore minimising process footprint, capital costs and process
economics

2. Lowering parasitic energy demand of the biomethanation process

3. Moving from TRL3 (Laboratory Proof of Concept) to TRL6 (Prototype demonstration)

4. Demonstrating production of organic acids as chemical feedstock / energy storage medium as
an alternative to the direct production of methane

5. Engaging with industry and making relevant R&D approaches to facilitate process integration
at full scale 23
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PHAs are polyesters that can be produced from organic
molecules, CH,, CO,/CO and H,

e PHA can accumulate as granules within bacterial cell
cytoplasm (excess carbon + nutrient deficiency)

 Low, medium and long chain PHAs (brittle, foam, rubber)
over 150 types

e Useful properties

— UV stable, high melting point, low permeation of water and
good barrier properties

 Good prospects for biodegradability!!

e PHAs are high value biopolymers (~£4/kg) with growing
uses in the medical, packaging, furniture, chemical, textile
and aquaculture food production

© University of South Wales



of South

ity Animal Feed: Single Cell Protein from CH,

TEES

Calysta’s Natural Proprietary Fermentation Process CALYSTA

e Sales of protein  FERMENTATION '
between US$1300- e

2500/tonne

* Values of 0.8 kg of W .
protein / kg of CH, N

METHANE

Major aquaculture feed ingredients and alternatives
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M Crude Protein [DLipid O Crude Fiber [ Ash
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Source: FAD Feed ingredients and fertilizers for farmed agquatic animals, 2009.
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