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DISCLAIMER 
This presentation document and its content (the “Presentation”) has been prepared by Haydale Graphene Industries PLC (the “Company”) for informational purposes only. 

This Presentation is confidential and should not, unless otherwise agreed in advance in writing by the Company, be copied, distributed, published or reproduced (in whole or in part) or disclosed by any recipient to 
any other person. 

This Presentation has been prepared by the Company and is based on information currently available. No representation or warranty as to the accuracy or completeness of any information contained herein is given 
by or on behalf of the Company or its respective shareholders, directors, officers, partners, employees or advisers or any other person, and no liability whatsoever (whether direct, indirect, incidental, special, 
consequential, punitive or otherwise) is accepted for any loss arising from any use of such information or opinions or otherwise arising in connection therewith (including in the case of negligence, but excluding any 
liability for fraud, death and/or personal injury). 

The information contained herein does not purport to be complete and is subject (in whole or in part) to updating, completion, revision, amendment and verification. All statements of opinion contained in this 
Presentation, all views expressed and all projections, forecasts or statements relating to expectations regarding future events, or the possible future performance of the Company, represent the Company's own 
assessment, based on information available to it as at the date hereof. Actual results could differ materially from such opinions, views, projections, forecasts and statements set-forth herein. The historical 
performance of any previous business and/or transactions as reported herein should not be relied upon as an indication of likely performance. Past performance is no guarantee of future performance. 

The distribution of this Presentation is restricted in certain jurisdictions. No action has been taken to permit the distribution of this Presentation in any jurisdiction where action would be required for such purpose. 
Accordingly, no person receiving a copy of this Presentation in any territory may treat it as constituting an invitation to him to purchase or subscribe for any interest of any nature whatsoever in the Company. 

Notwithstanding the foregoing, this Presentation may be distributed in any jurisdiction in circumstances where such distribution is lawful and is conducted in compliance with all applicable laws and regulations and, 
in the case of distribution of this Presentation, the following may apply: 

1. This Presentation may constitute a "financial promotion" for the purposes of section 21 of the Financial Services and Markets Act 2000 ("FSMA") and accordingly its distribution is restricted by law. 

2. This Presentation has not been approved by an authorised person. Such approval is, unless an exemption applies, required by section 21 of FSMA. Any content of this Presentation which may amount to a financial 
promotion is exempt from the general restriction contained in section 21 of FSMA on the communication of invitations or inducements to engage in investment activity on the grounds that it is communicated to: 

persons having professional experience in matters relating to investments, within the meaning of article 19 of FSMA (Financial Promotion) Order 2005 (the "FPO"); 

high net worth bodies within the meaning of article 49 of the FPO, including corporations, unincorporated associations or partnerships with net assets of at least £5 million and the trustee of a trust comprising cash 
and investment assets of at least £10 million; or persons who fall within any other exemption contained in the FPO or are otherwise persons to whom this Presentation may lawfully be communicated(all such 
persons together being referred to as "Relevant Persons"). 

3. This Presentation is directed only at persons who are Relevant Persons and must not, under any circumstances, be distributed to, acted or relied upon by persons who are not Relevant Persons.  

4. Subsequent non-real time communications and solicited communications which may be made to the recipients of this Presentation will be exempt from the financial promotion restriction on the same grounds as 
this communication. 

Reliance on this Presentation for the purposes of engaging in investment activity may expose an individual to a significant risk of losing all of the property invested or of incurring additional 
liability. Any individual who is in any doubt about the investment to which this Presentation or subsequent communication relates should consult an authorised person specialising in advising 
on investments of the kind in question.  

By agreeing to receive this Presentation you: (i) undertake, represent and warrant that you are a Relevant Person; (ii) unconditionally agree to the foregoing (including, without limitation, that the liability of the 
Company, their shareholders and affiliates, and their respective directors, officers, employees, agents and advisors shall be limited in the manner described above); and (iii) you undertake, represent and warrant 
that you will use the information in this Presentation solely for evaluating your possible interest in the Company and for no other purpose.  

IF YOU ARE NOT A RELEVANT PERSON OR DO NOT AGREE WITH THE FOREGOING, PLEASE DO NOT PROCEED FURTHER IN THIS DOCUMENT.  
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•  Listed on London Stock Exchange 14th April 2014 
•  Raised £6.6m for expansion in 2014 and on 2nd 

November a further £6m for commercialisation. Post 
money valuation is £27m  

•  Now have centres of excellence in USA and Far East 
•  Acquired a composites business in November 2014 
•  Focussed on plasma treatment of nano materials that 

adds compatible chemical groups to ensure 
homogeneous dispersion 

An enabling technology focussed on 
•  Composites 
•  Inks/Paints and technical coatings 
•  Energy storage 

HGI 



HGI Corporate Video 
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Image	
  taken	
  in	
  Swansea	
  University	
  by	
  Haydale	
  Limited	
  in	
  2010	
  



The attainable markets today 



•  Market currently limited by supply- yes/no: 
•  $100m by 2018 and $986.7m by 2022 – 

estimated, IDTechEX and BCC Research 
•  Excludes grant funding- EU €100m pa 
•  Significant price variance depending on quality and 

applications. Caveat Emptor 
•  Near term material- Graphene Nano Platelet (GNP)  
•  GNP market capacity difficult to establish - 

estimated at +100 tonnes – growing. 
 

•  There remains hype and confusion over terminology 

 
 

 
 

Competition increasing BUT: 
•  Limitations on dispersions; and 
•  Use of wet chem 

Development of Graphene 



The “Graphene” Conundrum 
Type	
   Carbon	
  

Layers	
  
ProperHes/ApplicaHons	
   Typical	
  cost	
  

($/KG)	
  
Commercially	
  
available	
  

Epitaxial	
  
CVD	
  

1-­‐2	
   ConducDve/almost	
  
Transparent/ITO?	
  
High	
  end	
  electronics	
  

High-­‐	
  
$500,000/m²	
  

CVD	
  systems-­‐	
  
Scale	
  up?	
  
Cost!	
  ITO?	
  

FLG	
   3-­‐10	
   Conductor/flexible/very	
  high	
  
surface	
  area/Sensors	
  

200-­‐2,000	
   Yes-­‐	
  consistency?	
  

GNPs	
   11-­‐100	
   Composites/Inks	
  and	
  coaDngs/
Lubricants/PrinDng	
  

50-­‐200	
   Yes-­‐	
  variable	
  
product	
  

GO	
   various	
   Insulator-­‐	
  semiconductor?	
  
Hydrophillic-­‐dispersions	
  
Defects	
  and	
  voids	
  

200-­‐2,000	
   In	
  Part-­‐	
  sDll	
  
evolving	
  

Graphite	
   100+	
   Lubricants/Refactories/brakes/
Engineering	
  materials	
  

3-­‐20	
   Established	
  
>90,000mt	
  pa	
  



Polymer	
  and	
  Composite	
  market-­‐	
  $90bn	
  
Sub	
  set-­‐Thermoset	
  resins	
  

•  Valued	
  in	
  2007	
  at	
  $7.9bn	
  

•  Compound	
  Growth	
  7-­‐9%	
  

•  Valued	
  in	
  2020-­‐	
  $19bn	
  

•  Polyester	
  66%	
  ($12.5bn)	
  

•  Epoxy	
  23%	
  (	
  $4.5bn)	
  

•  Others	
  11%	
  ($2bn)	
  

•  Polyester-­‐	
  7.5m	
  tonnes	
  in	
  2020	
  

•  1%	
  penetraHon	
  with	
  2%	
  loading	
  is	
  1,500	
  tonnes	
  

The Composite Market 



RESIN - INITIAL FINDINGS 
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EPOXY COMPOSITE STUDY 
Aer 

	
  
Aerospace	
  Corp	
  
•  Accepted	
  for	
  publicaDon	
  in	
  a	
  

peer	
  reviewed	
  journal	
  in	
  
April	
  2014	
  

•  Haydale	
  GNP	
  cited	
  
•  Significant	
  strength	
  

improvements	
  in	
  toughened	
  
epoxy	
  composites	
  

•  The	
  addiDon	
  of	
  increasing	
  
amounts	
  of	
  GNP	
  resulted	
  in	
  
significant	
  strength	
  increases	
  
and	
  toughness	
  
improvements	
  over	
  that	
  of	
  
similarly	
  cured,	
  unreinforced	
  
material.	
  

	
  
	
  
Reported	
  in	
  the	
  Journal	
  of	
  Applied	
  Polymer	
  
Science	
  10.1002/APP.40802	
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I	
  manufactured	
  6	
  loading	
  concentraDons	
  for	
  my	
  composites,	
  and	
  I	
  
expected	
  to	
  see	
  a	
  degradaDon	
  or	
  at	
  least	
  a	
  saturaDon	
  in	
  properDes	
  as	
  is	
  
usually	
  the	
  case	
  somewhere	
  toward	
  the	
  later	
  half.	
  	
  	
  
I	
  was	
  very	
  surprised	
  to	
  see	
  that	
  your	
  material	
  kept	
  significantly	
  
improving	
  both	
  in	
  strength	
  and	
  modulus	
  values.	
  ”	
  
Aerospace	
  Corp	
  
	
  
Dr	
  David	
  Hatrick,	
  European	
  Technology	
  Director	
  at	
  Huntsman	
  Advanced	
  
Materials	
  said:	
  “We	
  are	
  pleased	
  to	
  be	
  working	
  closely	
  with	
  Haydale	
  on	
  
this	
  exciDng	
  opportunity.	
  The	
  combinaDon	
  of	
  their	
  experDse	
  in	
  
funcDonalised	
  GNP	
  and	
  our	
  capabiliDes	
  in	
  epoxy	
  chemistry	
  should	
  create	
  
mulDple	
  new	
  opportuniDes	
  to	
  meet	
  the	
  needs	
  of	
  the	
  growing	
  
composites	
  market."	
  	
  
	
  

Endorsements 

23 



CLEAN SKY- CFRP PROJECT FINDINGS 

INDEPENDENT RESEARCH 

25 



TARGET MARKET- Electrically Conductive Composites 

Benefits 
	
  
•  Increased electrical conductivity 
•  Improved lightning strike 
•  Eliminate Parasitic Copper 
•  Increased EMI/EMC resistance 
•  Improved anti static performance 

Route to Market 

•  Huntsman 
 
•  Aerospace approved pre-preg 

company (TBA) 

 
•  Airbus/GKN Aerospace/BAE 

Systems 

Market Size 
 

Carbon Fibre Epoxy Composites Aerospace 
& Defence (2012) 

 
Global Market* £800 M 

 
 
 

Applications 

*	
  AWK	
  Report	
  -­‐	
  Composites	
  Market	
  Report	
  2013	
  



Benefits 

•  Improved Strength and Stiffness - lighter 
weight and reduced labour 

•  Improved Hydrophobicity and Oil/Gas 
Permeation Resistance  

•  Increased Toughness and Impact Resistance 
•  Improved Fatigue Resistance 
•  Improved Interlaminar Shear - Delamination 

Resistance 
 
 

Lighter Weight, Lower Cost Structures  
Reduced Labour and Materials  

 

TARGET MARKET- General Thermoset Composites 

Route to Market 
•  Huntsman 
•  Scott Bader 

•  Marine – Alex Thomson Racing 
•  Automotive – Briggs Automotive 

Company 
•  Rail – Bombardier 
•  Wind Turbines – TBA 
•  Pipes & Tanks - TBA 

Market Size 
 
Global Market Size* $20Bn - 2011 

    $30Bn - 2017 (7% CAGR) 
 

$0.5Bn Marine 
$2.8Bn Transport 
$2.4Bn Wind 
$2.6Bn Pipe & Tank 
$8.3Bn Addressable Market 
 
 

 

Applications 

*Lucintel	
  –	
  Growth	
  OpportuniBes	
  in	
  Global	
  Composites	
  Industry	
  2012-­‐2017	
  



The Industrial Challenge: 
•  Graphene as a carbon is relatively inert and it needs to be dispersed and 

bonded to realise its outstanding properties 

•  Prove it offers improvements 

•  Production must be repeatable and cost effective 

•  Environmental impact must be minimal 

•  Confidence not hype 

The Haydale delivery: 
•  Verified performance of improvement 

•  Scalable, repeatable, tailored process – controlled functionalisation  

•  Immediate cost effective quality materials (organic) of “intermediate“ 
products – minimal downstream processing change to incorporate 

 

 

THE NANOMATERIAL CHALLENGE 

1
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THE HAYDALE APPROACH 

17 

One	
  material	
  and	
  limited	
  funcHonalisaHon	
  will	
  not	
  fit	
  all	
  applicaHons!	
  



THE HAYDALE SOLUTION 
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0.5	
  wt%	
  FuncHonalised	
  
HDPlas	
  CNTs	
  in	
  epoxy	
  
resin	
  

0.5	
  wt%	
  NON	
  
FuncHonalised	
  CNT	
  in	
  

epoxy	
  resin	
  

Epoxy	
  (no	
  filler)	
  

Functionalisation and Dispersion 



Far East 
•  10 key accounts established – collaboration opportunities 
•  Sales and marketing office in Seoul - staffed 
•  12 target companies sampled - CNT functionalisation and hybrid 
•  Conductive inks – sensors  

USA 

•  Established Haydale Technologies Inc,. 
•  Centre of excellence in process - Grant funding and support in progress 

•  CNT/GNP functionalisation  

UK/Europe 
•  CPI – Processing – Bridging their technology gap 
•  NPL – Verification and credibility 
•  WCPC – Ink and coatings 

•  HCS – Composites 
•  AMG –  Centre of excellence 

 

GEOGRAPHIC EXPANSION 
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Early	
  adopters:	
  
FuncDonal	
  and	
  electronic	
  inks,	
  CoaDngs,	
  Composites	
  
Why?	
  
•  InnovaDve	
  sectors	
  
•  Used	
  other	
  nano	
  materials	
  
•  Looking	
  for	
  technical	
  advantage	
  –	
  bridging	
  a	
  

technology	
  gap	
  -­‐	
  CPI	
  
•  Seeking	
  material	
  USP	
  
•  No	
  need	
  to	
  change	
  capital	
  equipment	
  
•  Clear	
  route	
  to	
  market	
  -­‐	
  size	
  
 

Commercialisation requirements 



Capacity 2014 vs 2015 

Scale up confirmed 

R&D 

New Requirements 

•  Germany 

•  Far East 

•  USA 

•  UK  

Commercial centres of 
excellence – both HT60 and 
HT200 

CPI – installation November  

TANTEC 
HT60	
  –	
  R&D	
  

HT200	
  –Commercial	
  



•  NIH syndrome 
•  Find the gate keeper 

•  Not the market leader 

•  The industry needs scale 

•  What comes first the order or the capacity 

•  Using non sustainable, uneconomic graphene in 
research projects is a massive waste 

•  The market still needs conditioning 

•  Hype remains a big issue 

Ongoing challenges 



Establishing graphene and CNTs as the 
“must have material” 

•  Commercial agreements – which is real and deliverable 

•  The Graphene Industry is not profitable, needs sales orders 
and credibility 

 ◦  Inks/Coatings/sensors 

 ◦  Composites 

•  Materials will often need functionalising  

•  Centres of excellence being established world wide 

•  Commercial and Government inbound investment remains 
crucial - underpinning R&D for future products 

BUT- taking from the Lab to full scale production is not 
easy and end product often differs from the lab results 

Price/performance conundrum needs to be understood 

Immediate Commercialisation 
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The new wonder material 
•  The science/materials/markets are complex 
•  We need standardisation – but cant wait 
•  Haydale is committed to growing the market 
HOW? 
•  By getting the materials fit for purpose 
•  Delivering consistent quality in volume 
•  At an affordable price 
•  Into targeted markets- Composites/Inks 
 

 

Graphene Summary 


