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Wales & West Utllities

‘ We are the gas emergency and pipeline service for Wales and the south

west of England

‘ We don't sell gas; we transport it through our 35,000km network of
pipes

We keep 7.5m people safe and warm — with levels of service,

‘ safety and reliability they can trust

0 WALES&WEST
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We respond to more than 80,000 gas emergencies a year
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_.,,,,,,,,,,‘ ‘We invest £2m a week connecting new homes & businesses to

our gas network & upgrading old metal pipes to new plastic ones

We employ more than 1370 people & have a contract workforce of
around 600

‘ We are regulated by Ofgem

and our customers at the heart of everything we do UTILITIES

We are a values-driven business — safety is our number one priority |) WALESRWEST
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Introduction to the day

* Why we're here today — to hear your views
*What we're doing in this arena

» Guest speakers

 Importance of your feedback

* Workshop faclilitators
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*Who we are
* Housekeeping
* Agenda
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Registration 10.00—10.30
Introduction to WiWWU 10.30-10.40
Session one: Introductionto Alternative Gas — Bethan Winter, System Operations 10.40— 10,55
Manager, Wales & West Utilities AT
Workshop 1: Levels of awareness of Alternative Gas 1055-11.05
Session 2 (Fart one). Connections —Chris Magness, Green Gas Connections
Manager, Wales & West Utilities 11.05— 1130
Session 2 (parttwo): Connections — Bethan Winter, System Operations : :
Manager, Wales & West Utilities
‘Workshop 2: Refining the connections process 11.30- 1150
Coffee break 11.50-12.05
Session 3 (part one) Moving forward (case studies):
» Lorna Millington, Design Manager, National Grid Gas Distribution
12.05-1230
» Professor Sandra Esteves, Energy and Materials Director, Wales
Centre of Excellence for Anaerobic Digestion, University of South
Wales
QE&A Panel discussion— hosted by Sarah Williams, Business Improvement
Manager, Wales & West Utilities:
»  Chris Clarke, Director of Asset Management, Safety & Environment,
Wales & West Utilities,
+ Bethan Winter, System Operation Manager, Wales & West Utilities, 12.30-12.40
« Professor Sandra Esteves, Energy and Materials Director, Wales
Centre of Excellence for Anaerobic Digestion — University of South
Wales
+ Lorna Millington, Design Manager, National Grid Gas Distribution
Session 3 (parttwo): Moving forward (Designing ourfuture)- lan Marshall, Green 12.40— 1955
Gas Development Manager i i
‘Workshop 3: Prioritising our activities 1255-13.15
Close 13.15-13.20
Lunch and networking 13.20-14.00
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SESSION 1:

INTRODUCTION TO ALTERNATIVE
GAS

Bethan Winter
System Operation Manager
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What are alternative gasses?

- Biomethane
— Methane produced by the fermentation of organic matter
* Bio-SNG or syngas

— Short for synthesis gas — formed from the gasification of
waste material (black bag waste)

* Shale & coalbed methane

— Shale and coal are source rocks for unconventional gas,
producing shale gas and coal bed methane, respectively,
using techniques such as horizontal drilling, dewatering
and hydraulic fracturing

* Hydrogen

— Most common element, highly combustible, usually found
bound to other elements e.g. oxygen in the form of water

0 WALES&WEST
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Background to alternative gas — focus on biomethane

* Renewable Heat Incentive (RHI) has been
available in the UK since 2011

* First UK biomethane site connected 2011
* Qur first biomethane site connected in 2013

 Current alternative gas connections made to our
network are all biomethane

— Other gases may be injected in the future — more on
that later
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What's in it for the UK?

* New sources of distributed gas
are helping to address the
‘Energy Trilemma’

» Support a reliable network
(continuity of energy supply
for heat, power & light)

+ Assist the UK in meeting its
decarbonisation targets

* At a reasonable cost

— At a lower cost versus
other renewables

WALES&WEST
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What's in it for you?

* New business opportunity
— Potential diversification for farmers

* Revenues from gas sales to grid and the
Renewable Heat Incentive

- Offers a solution to waste management —
iIndustrial, commercial and domestic

 Contributes to your sustainability model, as well
as contributing to a greener UK by reducing
carbon emissions

0 WALES&WEST
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* Introductions around tables

*Why are you here today and what do you hope to
get out of your involvement?

- What do you believe are the primary advantages
of alternative gas for the UK and for you / your
company?

0 WALES&WEST
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SESSION 2 (PART ONE):
CONNECTIONS

Chris Magness
Green Gas Connections Manager




Connections to date

Rotherdale & Spring Hill
O
@ Bishops Cleeve
b2

Wessex

o Bromham

¥ Canning o’ @ il
® @ vke Farm
Great Hele $ @ Frogmary
Helscott Willand .Spittles

Enfield 2

)
Fraddo i
Farmf™ (&) o

[+]
Penans Farm

0 WALES&WEST
UTILITIES



Stats & facts

* To date 16 connections with a
maximum booked potential to inject
1.4 TWh

— For comparison, Swansea Bay Tidal
Lagoon estimated at 0.5 TWh @ £1.3b

15 connections in the South West
. . UK Estimated (2015) Comparison of Potential Green Gas
1 ConneCt|On N Wales Cost with the Levilized Cost Of Electricity (LCOE) Average
.. Cost £/mWh
300+ enquiries

u Tidal power N {772 5
W Offshorewind £180.0
® FeedStOCkS range from é Sola Farms  neeeesss—— 167 5
£ CodwithCO2capture  m——————— 177 5
° W / I d i Onshorewind  Se—— £05 0
aste water Sewage siuage p N '
O Naural gasturbines, with CO2 capture  me— £95.0
. 3 New Nuclear — e— £0 5
o
* Farm and animal waste 3 Biomess  mm— £900
? Nauralgasturbing, no CO2 capture  me—— £27 5
° FOOd Waste i Green Gas  —— 750
C £00 £500 £1000 £1500 £2000 £2500 £3000
°
ro ps LCOE Awerage Costin£/mWh
. Sources: DECC Mott Macdonald (2010) & US Energy Information
. Sllage Administration (2015)
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Getting connected

1. Initial enquiry - submitted to the Network Entry/Exit Team to
determine closest possible connection point within 10km radius that
will likely accept the requested load.

2. Capacity study — This is a more in-depth analysis on the connection
point and is chargeable to the customer. It involves looking at flow
data if available and running the models at peak and low demand.

3. Acceptance — customer signs acceptance letter and seeks financial
backing.

WALES&WEST
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Things to consider

There are lots of activities that the customer and Wales & West Utilities must complete
before gas is allowed to flow to grid.

Some of the project elements below are used to make sure that nothing is missed, as
timings leading up to commissioning follow a critical path:

« Connection to Wales & West Utilities network — UIP or Wales & West Utilities
* Hazardous Operation Assessment

*  GQ8 Assessment

«  Zone of Influence

« GL5

* Pressure Systems Safety Regulations (PSSR)

* Network Entry Agreement

* Local Operating Procedure

* Factory Acceptance Testing

«  Site Acceptance Testing

* ME2

+ 1S010732

«  HPMIS

* End to End Testing
*  Rhinology

*  AMP & PSDB

0 WALES&WEST
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* GQ8 assessment carried out independently

* Ensures compliance to Gas Safety (Management)
Regulations (GS[M]R) and its limits

 Looks at feedstock being used

 Can be partially generic

* Risk-based approach

* Will make recommendation for pre & post commissioning

* Forms part of Network Entry Agreement

* Biogas analysis pre clean-up

* Blomethane analysis post clean-up

0 WALES&WEST
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Example of GQS8

content, mg/m?

that the biogas contains
organohalides and that filtration
using active carbon beds is
practiced,

‘E o
B 5 '% Conclusions and/or
Parameter 'g T g % Notes E =4 E 2| @ | Recommendations
5| 83| 3 HEHEE
e | 42| A& Er| S|
20 [ Oxygen content, | <1 <1 =1 The generic assessment assumes 3 2 6 Continuous monitoring and
% mol/mal that the NEA will permit oxygen up alarm are recommended. The
to the limit of the class exemption generic risk assessment
offered by the HSE. It is assumed assumes that a diverter valve
that air or oxygen enrichment is (DV) is installed and
practiced to reduce HaS levels in automatic operation of the DV
the biogas. is recommended.
Cause of deviation to high Oz is Manual closure of the ROV is
assumed to be failure of the air/Oz recommended if the DV fails
injection unit. to operate.
21 | Siloxanes There is currently no industry- 3 2 6 Spot sampling and laboratory
content agreed limit for siloxanes, although analysis according to the
a tentative value of 0.5 mg Siyfm3 schedule suggested in
has been proposed. The HSE Appendix C is recommended.
expect that active carbon beds are : _
installed. Qperaﬂonal monitoring of
siloxane levels at the outlet of
The generic assessment assumes the first carbon bed to detect
that the biogas contains siloxanes breakthrough is
and that filtration using active recommended if siloxane is
carbon beds is practiced. present in the biogas.
22 | Organchalides <15 <15 | =15 | The generic assessment assumes Spot sampling and laboratory

analysis according to the
schedule suggested in
Appendix C is recommended.

P
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The importance of getting It right

* Making sure of gas quality
— Make sure the biomethane remains in the GSMR
limits.
» Calorific Value (CV) limits
* Wobbe number
 Sooting Index (SI)
* Incomplete Combustion Factor (ICF)

— Equipment is managed and maintained to correct
standards

- Maintenance and periodic validation/calibration of
— CV measurement
— Flow measurement

0 WALES&WEST
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Network Entry Agreement

* Legally binding contract

« Sets out all obligations to be met by Wales & West Utilities
and the customer

* Includes safety, gas quality and maintenance
- Actions avalilable if things go wrong
* Protects our network and the downstream customer

WALES&WEST
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Most important thing to remember

Safety is our Nol priority for our customers and
our network

0 WALES&WEST



SESSION 2 (PART TWO):
CONNECTIONS

Bethan Winter
Systems Operations Manager




we have done

The Health and Safety at Work etc. Act 1874
The Gas Safety (Management) Regulations 1996
Certificate of Exemption No. 1 of 2013

The Health and Safety Executive ("the Executive’), in pursuance of the
powers conferred on it by paragraph (1) of regulation 11 of the Gas Safety

o 1895 (the ), and being satisfied
as mqured by paragraph (2) of regulaton 11, hereby exempts any
persons from the duty imposed by reguiation 8(1) of the Reguiations to
corvey gas with an oxygen content of less than o equal 10 0.2% (molar) in
a network as defined by reguation 2(2) of the Regulations.

The Executive grants this exemption on condition thal any person who
conveys gas with an axygen content above 0.2% (molar) in a network shall
ensure that:

i), the oxygen confent of the gas conveyed is kss than or equal to 1.0%
{molar). and.

1). the pipes used to corvey the gas are operated at pressures below 38
barg, and,

). the gas conveyed complies with all ofher requirements and profititicns
mposed by regulation 8(1) of the Regulations (subject to other exemgticns
10 the Requiaticns granted by the Exacutive).

This candicate shall come into foroe on 24t May 2013 and shall remain n
force untll such bme as it s revoked by the Executive by a cartificale n
writing.

S ab

A person duly sulhorized by the Execulive 10 act in that behall

Date: 24 May 2013
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Research we have carried out

* “Impact of distributed gas sources on the GB gas
network”

« Joint innovation project with SGN and National
Grid Gas Distribution

* Qutputs:

— 1) Projections of future distributed gas injection

— 11) Challenges to connecting

0 WALES&WEST
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Distributed gas projections

Biomethane Scenarios* CBM Production profiles
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Challenges to connection

- Capacity constraints

* Minimum CV requirements and Gas Quality

- Connection costs

« Awareness and engagement with potential connectors

* Geographical constraints — Wales vs south west England

0 WALES&WEST
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Key challenge - capacity

* Seasonal and daily demand variations
* Storage will be required
- Compression may also help injection

_— Seasonal Demand Simplified Daily Demand S

3 —

M 25 \
2 \
/ 888884, |" 088444
S~ —

Storage?

—Seasonal Demand —Flat Generation ——Simplified Demand (all LDZ) =~ =——Simplified Input (all LDZ)
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Key challenge — gas quality

- Calorific value and shrinkage
— Gas calculation of thermal energy regulations
— High cost of propanation
» Gas Safety (Management) Regulations and Gas

Quality

— Wobbe and content considerations

0 WALES&WEST
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Key challenge — awareness & engagement

 Raising awareness of the potential to connect to
the gas network and engaging with potential
connectors

 Raising wider awareness to policy makers of the
penefits of alternative gas
* Policy

— Some policies may need to change and make sure
our policies to aid connections are kept up-to-date

Raising wider awareness of green gas and the
potential benefits

0 WALES&WEST
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Key challenge - Wales

» Our thoughts on potential Welsh challenges:

— Lack of awareness in Wales — potential connector
community

— Relatively large footprint of Welsh agriculture versus
the rest of the UK — larger number of smaller farms

— Connection potential — geographical barriers to
connection to grid

But what do you think?

0 WALES&WEST
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Customers perspective

- We asked our current connectors to give their perspective on the
experience, what advice they’d give new connectors — and what
more we can do to help the process.

— Customers suggested that others get in touch with us very early in their planning
- and plan well ahead. This is a long, involved, complex and costly process

— More detailed and clear information on the whole connection process was
requested - including more detail on the whole process, not just the bit that
involves us

— Customers also suggested that we make more effort to promote connection
opportunities, invest in innovation, and lcok at connection agreements for RHI
projects

0 WALES&WEST
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Customers perspective continued

» We asked our current connectors to give their perspective on the experience,
what advice they’'d give new connectors — and what more we can do to help
the process.

0 WALES&WEST
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* These are what we think the challenges are — do
you agree”?
* What have we missed?

* What do you think we should do to overcome
these challenges?

WALES&WEST
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Your energy -~ -
Our network

Using our gas network
for your alternative gas
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SESSION 3 (PART ONE):
MOVING FORWARD

Sarah Williams
Business Improvement Manager




* Two external case studies that demonstrate
Innovation in this arena from:

— Lorna Millington, Design Manager, National Grid
Gas Distribution

— Professor Sandra Esteves, Energy and Materials
Director, Wales Centre of Excellence for Anaerobic
Digestion, University of South Wales

0 WALES&WEST
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nationalgrid

Gas Distribution

National Grid’s Low Carbon Gas Vision
Delivering commercialisation projects

Lorna Millington



nationalgrid

Gas Distribution

Overview

B Role for renewable gas

nationalgrid

® Delivering renewable gas at volume
NS

® Pathway from germination to plant B éEXQSEED
W Power
® Deployment and the future

Progressive energy
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Gas Distribution

Decarbonising Heat and Transport

@ We need low carbon, secure and affordable solutions
Affordability for heat and transport

@ In its recent report, the CCC
acknowledged that the UK has
made good progress decarbonising
the power sector, but ‘almost no
progress in the rest of the economy’

# Sustainable green gas provides the
Sustainability lowest co_st pathway to
decarbonised heat and transport
using existing infrastructure

Security

‘2050 Energy Scenarios The UK Gas Networks role in a 2050 whole energy system’ KPMG (2016)
‘Too Hot to Handle? How to decarbonise domestic heating’ Policy Exchange (2016)
‘Future of Gas’ National Grid (2016)
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Delivering Renewable Gas

[
=

UK Biomethane Injection Plants # Anaerobic Digestion: important

80 role, but limited by feedstock type
2 70 . . r-
2 o & availability
B # BioSNG offers the potential to
E50 exploit a much wider range of
=
3

-
= =

I I feedstocks
'___I___I_- T - T T T

2010 2011 2012 2013 2014 2015 2016

Syngas Production : o
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Gas Distribution

Feedstock in the UK

@ UK: 244,000km?, 64 million people

@ Exporting ~4million te waste per annum gy
@ Waste Is a significant resource Wood ‘ Waste

120 TWh

33% of
domestic
heat demand

can be met
Manures

by green gas (as biogas
potential)

Agricultural residues
(Straw)
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Pilot Plant




Pilot Plant Delivery

nationalgrid

Gas Distribution

BESTF ERANET
European Funding

Network Innovation
Competition

£2.2M £1.9M
One of 3 awards in first One of 4 awards in first
year year funding round
i funding round N ICl
National Advanced Progressive Carbotech
Grid Plasma Energy
Power
Y
nationalgrid || g || (O || Servotech
Progressive energy s &

3Year Pilot Plant
Programme

# Finalisation of design
& safety review

@ Procurement

# Construction and
installation

# Testing & optimisation

@ Dissemination

47
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The Process & Key Requirements

T Gasplasma®
| =5 {Fiuid Bed _
o Gasifier

Plg'-sma'
»>
79N\ Converter
Steam  Oxygen

GASIFICATION & GAS
PROCESSING

CO H,

Ability to process waste
as well as biomass

Ability to deliver high
guality synthesis gas

CONDITIONING & METHANATION

f-I-J.J » o s‘

Cco,

-I- ” lh,‘p'l'fJ

CH4

Ability to methanate at
moderate scale

»' UPGRADING

& f

Ability to
separate
biomethane
effectively

Delivery
to market
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Delivering a clean syngas — Tar Kkills

nationalgrid

Gas Distribution

Sampling of syngas pre-converter I Sampling of syngas post-converter

20000 5000
£ 18000 n, — 4500
& I
5 16000 3 4000
= " "
2 14000 - - - " 3500
° [ | ™
£ 12000 - i 3000
8 .
£ 10000 * * 2500
s . -
S 8000 S = Toluene 2000
o L I o
3 6000 T K - exane 1500
5 4000 |wm_* mm, s 1" APhenol 1000
'E . * n* I

2000 500
L] [ ]

0 |t . . 4 T Y VUV U VY TV S e e ()
0 10 20 30 40 50 60 70 80 90 100

Conventional Fluidised bed gasification with down stream

Sampling points

plasma treatment. Operational facility since 2008

Plasma reforms/cracks the tars to simple gaseous

products, which contribute to the energy of cleaned gas.

Thiophenes & organic sulphur reformed to CO, H, & H,S

Condensable Organics {Hexane and Phenol) ppm
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Methanation & Refinement

# Established commercial process with decades
of experience at GWth scale.

# Challenge is to deploy at ‘biomass/waste’

——F scale
Y a2z ‘~ . ‘ ’
r ik e de BRI g @ Focused on simpler, lower cost ‘once through
Hif8ia Sy@%- R I processes
3000MWtH\ =28 A
>
Biomethane
. ) Gas molecules: g ./ =
@ PSA has been designed to be flexible o °0
_ CH, (o}
@ Removal of hydrogen is necessary O N, /0,
.. - O H,0/H,S
on this pilot facility o co,
] ] ] Carbon
@ Different depressurisation mgularsmve _________________
configurations possible to optimise Raw gas Compressor Vacuum Pump
recovery and purity
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The Pilot Plant
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Gas Distribution

nationalgrid

THE POWER OF ACTION

~N 7
ADVANCED
PLasma
PoweRr

c

Progressive energy

Carbotech

VIEEMANN Group
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Key Lessons learned

TECHNICAL OPERATIONAL

CO conversion rates © Experimental
= Model

CO conversion (%)

350 370 390 410 430 450 470 490 510 530 550

Temperature (Celsius)

ENVIRONMENTAL

300 kgCO,e,/MWh

o .

Fossil gas BioSNG gas BioSNG with
carbon capture 52

100

-100

-200

-300




nationalgrid

Gas Distribution

Commercial Demonstration Project
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Project Drivers

BioSNG Pilot (50kW)

Deployment (40MWth)

Technical, construction, operational &
commercial risk acceptable to
funders

Technical demonstrator

—
& test bed for process

improvements & A Commercial Risk
optimisation, health and 1k, too high
safety, operator training

£5m total investment

£90m investment with return to
funders

Commercial Demonstrator (SMW)

Addresses construction, operational, & commercial risk

£25m total investment. Supported by

Dft Advanced Biofuel Demonstrator & OFGEM
Network Innovation Competition

RIIOEMS
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Full Chain £25M ‘Small Commercial’ Facility

SECURED, CONVERSION TO CONVERSION TO DELIVERY TO GAS
PROCESSED HIGH QUALITY GRID & NETWORK AND
WASTE FEEDSTOCK SYNGAS TRANSPORT EXISTING HGV FLEET

QUALITY SNG

WALES&WEST
UTILITIES

" SUFFICIENT FOR

s 1500 HOMES

7/ N> OR 75 HGVS

A=

Advanced Y, o re
Eéé g}e‘yu]@]ggu?ﬂ YPlasma Power 2‘ > O’“T’T";nensrd
amec ALE
Outotec foster 02 SALES

wheeler

EXPLOITING INNOVATIVE TECHNOLOGY. THIS WILL BE THE WORLD’S FIRST
GRID-CONNECTED, FULL CHAIN, WASTE TO SNG FACILITY OPERATING AT A
COMMERCIALLY REPRESENTATIVE SCALE UNDER COMMERCIAL CONDITIONS.
&4
Department mm%!%%l \(Advanced ﬂatIOﬂa|grid &Progressiueenergy cNng ser vices Itd

for Transport Plasma Power
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Project Progress

QA

Secured planning
and permitting

Agreed waste supply [\E
Agreed gas offtake
Agreed CO, sales

Developed detailed
design

Placed long lead
orders

QA Q QN

QA

On track for delivery of 1 million
kilogrammes of BioSNG in 2018
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COMMERCIALISATION

Roll Out

» Target chemical, oil &
gas and waste
companies together

Full Scale Plant

» Enabled by commercial
demonstrator.

* Produces 310GWh pa.
with local authorities.

 First operational full
scale plant will catalyse
sales.

» Cost parity with fossil
gas

» Development underway
* Operational 2020.
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Pathways to Deeper Decarbonisation

-

BIOMETHANE

BIOMETHANE WITH CCS

o

‘ﬁ,

BIOHYDROGEN

BIOHYDROGEN WITH CCS

A

58
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Summary

BIOSNG WILL CONVERT THE UK’S LARGEST SOURCE OF RENEWABLE CARBON TO
NATURAL GAS FOR DELIVERY VIA A WORLD CLASS NETWORK TO MEET HEAT AND
TRANSPORT DEMAND.

Low cost route to decarbonising # Underexploited waste resource
heat and transport through use of: @ Efficient technology
# Existing infrastructure



nationalgrid

Gas Distribution

Thank you

A4 nationalgrid 7~

To find out more about this project please contact a member of the Project Team

DRI HESEITIE (@ EFEA)
i ﬁgc*j esSuvesentel IS

David Pickering, BioSNG Project Manager, National Grid Gas Distribution
david.c.pickering@nationalgrid.com
07867 537360
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Technology for Flexible Green Alkane
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[Anaerobic Digestion } zAD
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[ Waste and Wastewater Treatment JJ“O”

SERC

SUSTAINABLE
ENVIRONMENT

B RESEARCH
CENTRE

[Bio Energy Systems}

[Monitoring and Control}

Environmental Analysis}

Biohydrogen Systems }

Bioelectrochemical Devices }

[Hyd rogen Energy} @ Hyrogen

Centre

[Advanced Nanomaterials }

[Bioplastics Production }

[PZG, Biogas upgrading and utilisation }

LCA and economic evaluations
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e & Facilities

B Team has decades
experience in bioreactor
(anaerobic) design,
Integration, monitoring
and control

® Novel process
development in the lab (1-
100 I), pilot (200 | -30 m?3)
and full scale experience
(50-7000 m3)

© University of South Wales




il USW Team’s Expertise N F R LENCE
& Facilities

® Expertise in bioreactors, biochemistry, O
biotechnology, microbiology, ééi_Qijjfj:,jjﬁf_fJﬁ,v
engineering, monitoring, modelling and e
control, economic and environmental
appraisals

Crganic Lasang Rane (0 e

® 450m? 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

m ADMI1 model, Al tools, LCA
software/databases and CFD software

Abundance (gene copies / ml)

Contoues o Statc Tomparatirs 00 Sep 05, 2014
ANSYS Pt 145 (20 pboe. 3p0. ske)

© University of South Wales
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istribution

s W
-

Methanogenesis

Hydrolysis Acidogenesis Acetigenesis

: Acetic acid and
Carbohydrates In solution: e lcohols
e S ___ Ha ,HCC;JE an B
Amino acids Alcohols AR MR . <]
e Fatty acids COzand H2 ~ COz2and H2 S
o S . ”
s (O
® 20 H2S
= O Sulphate reduction 2
0
&
ﬁ Protein Breakdown Products NH4, NH3
|5
.|
o
:
5
%ﬂ Light and heavy metals h Light ang |
= (kb i) eavy metals
: (P, K, Na, Ca
etc.)

Coordinatec participation of the required groups ot bacteria
Process can take place in one or more stages (separate reactors)



Unlocking new potential with R&D nationalarid

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

Feedstock type (after 10% 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 3
(e.g. grass cuttings and leaves). Pretreatment, dry AD.

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

Orchard waste (e.g. apple pomace) 1
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 5
and aquaculture (overlap with greenhouses)

Microalgae (e.g. using nutrients from sewage sludge, digestate etc. and

waste heat, co2 and water from AD plants). Also potential to use excess 4
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 o - 12% 35%
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Unlocking new potential with R&D

AD methane production (TWh): Current = Potential = Potential with R&D

90 -
80
60
50
40 -
g 30 A
20 28
10
[] T T T T T
Current - Improve the Market Power-to-gas Pre-treatment  Improving New feedstocks  Market
production TWh  industry's potential technologies for  yields from potential with
access fo (current high lignin existing R&D
feedstocks (e.g. technologies) feedstocks  feedstocks
food waste)
- Maximise
yields and
efficiency from
existing
feedstocks

ADBA, AD market report July 20:
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Potential Integrations

1‘ ALL H BIOMASS ‘I COAL || GAS H HYDRO H INTERCONNECTORS ‘

| l oI ‘ ‘ SOLAR | | WASTE ‘ l WIND ‘

NNNNNN

(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)

o

I e’s.. .

Ab-’een

b

Agricultural plants

SCOTLAND

1 4

& CHP
& BiG & CHP

£ Heat only

@ B1G

£» Cooking gas

Dublm

Waste plants

@ CHP
| ]BtG & CHP)

§ BiG
@ Heat only

& 1' 8%

‘“Iy"“lh Go gle My*h;laps

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)

© University of South Wales
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Electricity

Discharge time [h]

10000

Storage of Renewable

THE WALES

CENTRE OF EXCELLENCE

FOR ANAEROBIC DIGESTION

=AD

CENTRE

| storage (PHS)
100 ; s
7
10 |

v“
H:

Batteries

Compressed air
storage (CAES)

Fly Wheels

0,01 ,

0,001

Substitute natural gas (SNG)
1000
Pumped hydro

Types of energy storage
plotted against the amount
of time they can be stored
for and the quantity of

energy that can be stored
(Source: Specht et al . 2009)

1kWh 10 kWh 100kWh 1MWh 10 MWh 100 MWh 1GWh 10 GWh

® Batteries — expensive, not environ. ]
friendly & short life

® Pumped hydro & underground
compressed air storage are limited by
geographical factors

B Super capacitors, superconducting coils &
flywheels — short discharge period —
suitable only as emergency UPS units

100 GWh

1TWh 10TWh 100 TWh

Power to green gas — greatest capacity &
the only option to store electricity in order of
several TWh over a long period of time

B Sabbatier conversion using metal catalysts —
expensive, high temp requirement, low
selectivity, low yields and deactivation

® Biomethanation — low cost, low temp., high
throughput & conversion efficiency and
resistant to contaminants

© University of South Wales
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Need to Match Electricity Supply and o D i
Demand

Leistung in GW,

100

80 —

60 -

40 -

20

DI \’Ha' \r?

0

1.10 8.10 15.10 22.10 29.10
m Wasserkraft © Holzheizkraftwerke ® Geothermie = Wind-Onshore
= Wind-Offshore Photovoltaik OLast

Simulated Power Demand and Renewable Electricity Supply in
Germany in October 2050, Based on 2006 Weather

Source: Fraunhofer IWES, taken from Trost et al. (2012)
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Need to Match Electricity Supply and
Demand

20

18

16

14

El (GW)
S

2 "

O
1 67 133 199 265 331 397 463 529 595 661 727 793 859 925 991 1057 1123 1189 1255 1321

Tima

- Electricity demand  — FUture electricity

(current pattern) supply (wind-solar-
biomass)

Source: Energinet.dk, Energi 2050 — Vindsporet,
January 2011



Denmark’s (100%) Renewable Energy
Strategy for 2050

Wind power
(Including off-shore)

65
Photovoltalcs *

Wave power Q os

65

I 132

Gas grid

63
Electrotyzer Reactor
124 02
Gasifier

Solar thermal

Co-olectrolysis 127
e————e—

Electricity = Biofuel [TWh]

Source: www.ceesa.dk/Publications
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Wales P2G & Biogas Upgrading

Electrolys

e\

&
Aerobic
Processe

CH, >

Intermittent Ar_1aero_bic
Renewable Digestion
Energies
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of South Biogas Upgrading vs. Biomethanation
EUES

University

60% >99%

40%
co,

PSA

Water scrubbing

Organic scrubbing

Amine scrubbing
Membrane separation

© University of South Wales
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AERIOGEN® PCT filed P2G & Biogas upgrading

® AERIOGEN® has been developed through novel microbial community
concepts, automation and control and multiple reactor designs evaluated for
increased performance and reduced energy consumption and footprint

®  Novel enriched, self sustaining and robust microbial culture

B EX-situ process superior compared to in-situ since there are no conflicts with
organics conversions

® Designed for high rate continuous and instantaneous conversion with a small
footprint (>230 VVD and increasing) with 99.7% CH, output

®  Low temperature mesophilic and low pressure operation

® |Low maintenance; no nutrient addition after start-up and no pH buffers
®  Automated gas throughputs for optimal efficiency

®  Automated water removal; ability to maintain culture and nutrient levels
® Robust in terms of O, and intermittency in gas flows

® |Low parasitic energy

© University of South Wales
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Secooe Quality Output and Control

Wa Ies OV er TI I I I e Relative quantities of individual groups at start-up and after 171 days of
6.8% operation
. 7-3% Gene copy numbers for:
= C02in CO2 out CHz out H2out === pH ’ /’ @ bacteria
day 1: 2.6E+09
110.0 8.0 day 171: 6.8E+09
100.0 ; “_-.__ L 78 93.2% ’ 92.7% .:;;:t;-\:annf;;;;rchaea
50.0 L 76 day 171: 5.0E+08
- 80.0 3 ) 0% (@ acetoclastic
E L eth 1
=700 74 day1: | L7408
E60.0 ] - s~ - 7.2 day 171: 1.5E+07
= B aw @ hydrogenotrophic
< 50.0 70 2 methanogens?
ot 40.0 ] day 1:  4.6E+05
g7 - 6.8 25% day 171: 4.8E+08
30,0 | 6 ’ < MBT
20.0 ' day1: 3.4E+05
- 6.4 S day 171: 4.8E+05
10.0 A \ ’ & MMB + MS5C
0.0 ] 6.2 day1: 1.1E+0.5
oL L] co day1 day 171:3.8€+0.4
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 20
hours
. 5 "
High input gases control allow a 8
=
- = 50
99.7% quality output and help S
. . . T Biocatalyst
=
malntaln approprlate pH 55‘40 enrlchment
b
Y 20
0
R R - e v AN R s B A R e i AR
HHHHHHHHHH NN ANMNANNANANMMMMMMMNMMm
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Wales AERIOGEN® Process Recovery After Fasting for 45 days

=(C02 =H2 =CH4
100.0

90.0 = —
80.0

70.0 //
60.0 //
50.0 & //

00 [\
20:0 \\
10.0 J\\ \

Outflow- gas composition % v/v

A~ AN A~ A0 AN W0 AmM
S NN TN O ONNMMOOOODOD OO0 A NANM
L e I B

Hours
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m [easibility study

B  Production of ‘synthetic methane’ using biological
methanation and electrolytic hydrogen

® CO, sourced from existing biogas to biomethane upgrade

facility operating at waste water treatment plant

H, from rapid-response PEM electrolysis providing grid-

balancing services

B Biomethanation process AERIOGEN®
®  Project commenced 18t June 15
B Funded by UK Government via Innovate UK
B Project partners: ITM Power, Wessex Water, Wales & West
Utilities, University of South Wales, BPE Design & Support
Ltd.
 a & ~.
o s ofSoun” G (¢ ) ITM POWER [nnovate UK

a YTL company

© University of South Wales
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Prifysgol

De Cymru AERIOGEN® Technology
Development

Innovate UK

IUK / BBSRC Industrial Biotechnology Catalyst

Feasibility of an Innovative reactor for enhanced

1C gas bioconversion for energy production and BB R
storage
blosaence for the future

Start Date: January 2016

Evaluate potential for improvement of gas /

liquid transfer in novel reactor

* Production of green methane

* Production of carboxylic acids

© University of South Wales
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Enhanced green CH, production with low cost energy storage through a
real-time management strategy for AD plants to meet variable network
gas demand

Flexible Methane Production

® Current configurations of AD/biomethane plants are not flexible in
terms of gas output (over days/seasons), have long conversion
periods and cannot vary output suddenly, leading to a mismatch
between supply/demand

B Points of entry to the gas grid are limited by capacity on a daily basis
as well as due to seasons e.g. summer 1/3 — 1/1000 of that in winter

B [ eading to a number of AD plants not being able to connect to the
gas grid

U

ez
; : Llywodraeth Cymru
% / WAL ES&WEST EUROPEAN UNION Welsh Government
Cronfa Gymdeithasol Ewrop
UTILITIES European Social Fund
e iedos By Al Srcles

© University of South Wales
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s\fasi::th Varying Methane Production Profile e e
| CURRENT FUTURE
Fairly Constant Variable Output to Meet Gas Needs
Output (Daily/Seasonal)

c A - A

S Supporting base load Demand

o Profile

-

S Suppl
= upply
o Rate
)

c

S

=

)

z > M | | || |

Time (h) 0600 1200 1800 2400 0800
Time (h) OmhIEESS&WEST

AD Plant(s) as the only gas supplier(s) or part of a gas supply mix
Production and supply of methane from organics and inorganic gases

Production and supply based on predictive gas demand refined with gas grid
feedback control (artificial intelligence based techniques) with less than 1 hr
response

© University of South Wales
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B Evaluate the range of spatial and temporal demands within gas
networks

B Evaluate a selection of integrations between novel biotechnology
reactors operating on a range of organics as well as inorganic gases

® Use ancillary technology to facilitate daily/weekly and inter-seasonal
energy storage to enable rapid conversions to methane when
necessary

® Evaluate a novel supervisory control system that links predictive
modelling for gas network demand with novel control strategies for
the biotech plant operation

®m Establish the technical, economical and environmental feasibility for
the implementation of this novel concept of energy storage

© University of South Wales
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Bio-Alkane Production

B Possibility of addition of
biopropane, produced via

® hydrotreated vegetable oil
(HVO) - restricted to oll
availability

B gasification & pyrolysis
(cellulosic biomass)

B hydrothermal fermentation
(starch/sugars)

B Conversion from biomethane

B Some work has started on
synthetic biology e.g. E. coli

® Qurworkrelatesto
ecosystem derived microbial
cultures

Feedstock Process Outputs
i Biodiesel,
st — IR 5o
e Gasoline,
MTG gasification bioprapane (10-30%)
. P . . DME, gasoline or
C;:ém; Gasification/direct synthesis bioprogane (significant %)
(wood )'sugar/ )
o 1 Diesel tha, lubes
starch (crops) Fischer-Tropsch gasification bi:;ﬁbgﬁﬂsni‘alrmldmes)
is/hy i Gasoline, diesel, kerosene,
Pyrolysis/hydrogenation biopropane (up fo 15%)
Dehydration/hydrogenation Bioethane or biopropane
Glycerine
. . Methanol, DME,
Methanol gasification biopropane (small volumes)
Aqueous Phase Reforming ;%r;omu:ﬂfﬂzls, including
Sugar/starch - 5 Various fuels, including
(crops) Supercritical fermentation biopropane

Developer

Neste Oil (NExBTL); UOP/Eni
Dynamic Fuels, ConocoPhillips,
Diamond Green

ExxonMobil (MTG);
Haldor Topsoe (TIGAS)

Japan Synthesis Gas Co

Shell (GTL); UPM
Maverick Fuels

Ensyn (RTP);
GTI(IH2)

Bio-fuel Solution

BioMCN

VES (BioForming)

C3 Bioenergy (US)

Figure 1: Principal process technologies that can produce biopropane

Source: Menecon Consulting/Atlantic Consulting analysis

© University of South Wales
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Production of high chain alkane gases (C2-C4) from anaerobic biological
processes

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

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

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

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

Jy 7
UE
Pz

European Social Fund

e— ’ .l Lly\:v%draeth Cymru
Welsh Governmen
e$ WALES&WEST
UTILITIES Cronfa Gymdeithasol Ewrop

© University of South Wales
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Panel Q&A

* Panel:

— Lorna Millington, Design Manager, National Grid
Gas Distribution

— Professor Sandra Esteves, Energy and Materials
Director, Wales Centre of Excellence for Anaerobic
Digestion, University of South Wales

— Chris Clarke, Director of Asset Management, Safety
& Environment, Wales & West Utilities

— Bethan Winter, System Operation Manager, Wales &
West Utilities

87
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SESSION 3 (PART TWO):
MOVING FORWARD

lan Marshall
Green Gas Development Manager




Designing our future

* Forward plan — what we want to do:

— Develop a low cost investment pathway that will lead
iIncrementally towards a low/zero carbon heat, power
& transport future

— Deliver domestic, commercial & industrial peak
energy needs

— Promote green and alternative gas sources

— Enable renewable electricity by creating additional
energy storage capability in our network — and
balance supply and demand fluctuations

— Reduce our carbon footprint, including reducing gas
leaking from our network

0 WALES&WEST
UTILITIES



The future from a Wales & West Utilities perspective

Business case for alternative
gasses

Innovation

New gasses

B
! | ]
™ | i

= I
r - i
S — —| —

L 7

" P T
CoIIaboratlon&Engagement‘ jl,/\//
O

WALES&WEST
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Collaboration & engagement

* Priorities for engagement

— Meeting with stakeholders

* Understanding future customer requirements is key to make sure our
networks are fit for purpose

— Workshops like today — frequency?

« Today’s workshop has come about as a direct result of feedback from
stakeholder workshops last year

— Connections Booklet
« Engaging with industry through industry groups
— E.g. potential for natural gas vehicles
 Lobbying
— Parliamentary

— Regulatory

» Further work with policy makers to make sure future energy pathways are
based on robust evidence

» Further work with BEIS / HSE to update GS(M)R

0 WALES&WEST
UTILITIES



Innovation and challenges

Developers /
Producers o o o
ADBA 1
I
I
Sweet Gas 2 MNew Ynni Trade Associations > REA | Ofgem
|
Smart Regulators | Ofwat
Pressure Contral ces &
Engagement . *
FWACY Update -
C02 Content \ Future Billing
* I Methodology
]
Seasonal Capacity | Billing
. T \
/ Flesible storage / \ | !
! production using | |‘ |
carboxylic acids - | Netwaork Capacity . |
PhD Project [ a Biomethane i \ Wobbe Update/ CV
- ( Y ~ o impact
» ! N ——— >
| I * -
wn I
I I =
| I RHI,/ FIT / ""'--.._,___‘_._ GS(MIR update
| Storage / |
| - I
| I Gas Quality
: Incentives
| Comprassion Siloxanes Impact
\ Study
A%
A
~ /"’
S Propanation - GERG project
T Feedstock B

Equipment / GDMN
Requirements GEU ~ TD16/17 Update?

|

Higher chain alkanes
PhD

v
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Development of energy networks

l Key

— @as

[ 4
— % % — —— Electricity
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Development of energy networks

Key

IW | — @as
= % = — Electricity
—— Green Gas
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Future Energy Network

R |
L[

@

Green Gas
Gas
Electric

An integrated energy network enables the use of renewables OWALES&WEST
UTILITIES




WORKSHOP 3




X —

* Are we focusing on the right development areas
of:
— Gas quality
— Network capacity
— Alternative gases
— Other innovations

* Do you think our ‘how to connect’ booklet is
comprehensive?

* Anything else you would like to raise?

WALES&WEST
UTILITIES
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Project FREEDOM

* A £5m project to evaluate Hybrid Heat Pumps
* Install hybrid heating system into homes in 2017
* 75 systems to be installed in Bridgend
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Small heat pump with gas boiler &
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Waterfall — Hybrid Green Heating
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Your energy -~ -
Our network

Using our gas network
for your alternative gas
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