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FTU UP AND RUNNING

The Powerhouse feedstock testing unit (FTU) at Bridgend is now up and
running. This allows the company to demonstrate its working to
potential customers at a commercial scale and we see this as taking
Powerhouse to a new stage where it can sell on benefits rather than
promises. With progress being made on projects in Ireland and
Australia we see the company as having built a strong foundation with
the FTU.

FTU Now Operating in Wales

Powerhouse’s feedstock testing unit (FTU) at Bridgend in Wales provides a proper
demonstrator of the company’s Distributed Modular Generation (DMG)
technology for potential clients and is designed with this in mind. The unit can
process a variety of feedstocks and will enable the application of DMG technology
to a wide range of use cases. The site can host visiting parties, showing them in real
time how waste can be converted into syngas and then to other valuable products,
with space on site to add further downstream processing in future developments.
Carbon nano-tube developer TrimTabs is already using incubator space at the
facility.

Technology Running Well

As such the site works well and naturally augments Powerhouse’s low capital model
of providing engineering, licencing and royalties with manufacturing licenced out.
The site has already proved the technology with several days of continuous running
with good results, although as a demonstrator the project is not necessarily
expected to run flat out all the time. The unit also allows the company to develop
the technology and to increase the efficiency of future commercial units.

Progress on Projects

The company is developing on several fronts, with projects at Ballymena in
Northern Ireland and with National Hydrogen in Australia: the front runners for
getting a project to financial close and delivering revenue to Powerhouse. In fact,
there could be early revenue from either project during the front end engineering
and design (FEED) stage and this could see Powerhouse booking first project
revenues this calendar year in addition to the £500k already secured by its
engineering services business EngSolve.

This is a marketing communication. It has not been prepared in accordance with legal requirements designed to promote the independence of
investment research and is not subject to any prohibition of dealing ahead of the dissemination of investment research. However, Longspur Research
has put in place procedures and controls designed to prevent dealing ahead of marketing communications. For institutional clients use only. Please see
important regulatory disclaimers and disclosures at the end of this note.
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INVESTOR DAY HIGHLIGHTS FTU BENEFITS

Last week Powerhouse hosted a capital markets day at its feedstock testing unit (FTU) in
Bridgend, Wales. The event was well attended by investors and gave the company the
opportunity to demonstrate the unit and show its potential as a tool for developing new
customers.

The FTU is sized at 2.5tpd which, although smaller than the planned commercial units at
4otpd, it is still of a size to properly demonstrate the process and allow potential customers

to trial various feedstocks and potential output mixes.

A mixed plastic waste stream (non-recyclable waste from a UK recycling facility) produces
a syngas as per the table below: with the balance being C5+ and Nitrogen.

Gas Outputs

Hydrogen 34.6
Methane 37.2
CcO 26.7
Co2 0.01

Source: Powerhouse Energy

Investors Being Shown the Feedstock Input Unit

Source: Longspur Research
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It can be seen that there is a good amount of space at the site which can allow for either
future expansion or the installation of customers’ downstream equipment to facilitate
testing of advance products such as e-fuels.

A variety of feedstock samples have been successfully put through the process. The process
ideally handles plastics especially those that cannot easily be treated or recycled by other
technologies.

Feedstock Samples

Source: Longspur Research

The Feedstock Input Unit was designed in-house, combining both commercial and custom
components. It offers the capability to control the feed rate and the environment of the
feedstock as it is delivered to the rotary kiln. This, along with proprietary control of the kin
and downstream processes, makes the DMG process more robust than other technologies.
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Feedstock Input

Source: Longspur Research

The core of the technology is the rotating kiln. This is essentially a pyrolysis process rather
than gasification as there is no oxygen in the system, at least on normal running. However
the process can be altered with the injection of either steam or oxygen which makes it a
gasification process. The flexibility in operation is key to the units applicability for many
applications.
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The main rotating kiln is shown below with feedstock input to the left and gas clean up to
the right. Note that there is plenty of space in front of the installation for an additional
plant.

Rotary Kiln and Main Unit

Source: Longspur Research

The process primarily produces syngas, a mixture of hydrogen, methane and carbon
monoxide. Under normal conditions, the process is designed to maximise hydrogen in the
syngas. Syngas output is put through a clean up stage which both cools and clean the syngas
of any unwanted acid species. Once the syngas is cooled and cleaned it is ready to be used
in energy production or converted into products such as Hydrogen, SAF or chemical
precursors.
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Gas Clean Up Stage

Source: Longspur Research

As a demonstrator site with limited permitting, syngas from the unit is simply flared. The
picture below shows the red glow of syngas being burnt at the bottom of the flare stack,
giving a vivid demonstration that the system is working.
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Gas Flare

Source: Longspur Research
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THE POWERHOUSE PROCESS IN DETAIL

Powerhouse uses high temperature advanced thermal treatment of plastic waste to produce
syngas, a mixture primarily of carbon monoxide (CO) and hydrogen (Hz2). After a gas clean
up stage a proportion of the syngas is fed to an extraction unit using proven pressure swing
adsorption technology to separate out the hydrogen. The remaining syngas is used to power
the system and can also be used for power generation in reciprocating gas engines.

DMG Process Outline
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Inputs and outputs

Most waste streams will be pre-sorted into plastic waste with other waste removed for
recycling or other disposal. The plastic waste will be sourced from municipal solid waste as
well as waste collected from commercial and industrial properties.

Natural gas is used to start the process and an oxidising agent is added. There are some
solid and liquid residues which go for disposal. The process produces syngas and hydrogen.
The hydrogen is 99.999% pure and does not contain any trace materials that might poison
a fuel cell.

The generic system is size designed to process 40 tonnes of waste per day and if optimised
for hydrogen it will produce 2-3 tonnes of the gas per day and around 3MW of power
dependent upon feedstock. The system is deliberately modular, with larger capacity
provided simply by providing more units. Some balance of plant saving is possible with
larger units.

The feedstock testing unit is smaller at 2.5 tpd but this is still sufficient to show the
process at a commerical level scale and to fully test the gasificaiton characteristics of
varying feedstock. In particular, the unit is large enough to use gas burners to fully control
temperature across the unit which was not possible on earlier demonstration units.
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Off the shelf components

Most of the process uses standard, proven technology. The critical element is the rotary
kiln. This makes use of a specialist steel alloy that allows for the high temperature
production. Additionally, Powerhouse has developed control technology that is critical to
making the process work.

The equipment has been manufactured and fabricated by standard equipment
manufacturers and the company has relationships with fabricator including Chinese
providers for the rotary kiln and German suppliers of the gas clean up stage.

POWERHOUSE CAN AVOID ISSUES FACED BY OTHER TECHNOLOGIES

Pyrolysis and gasification of carbon feedstock to produce syngas is not a new technology
but has had a difficult history with many projects having failed or been cancelled. Quite a
few of these failures were due to factors not connected with the technology itself, with
failure to secure reliable volumes of feedstock being a common issue. However, two key
issues have been identified as creating problems for gasification, tar and scale up.

Tar

Tar is a complex mixture of hydrocarbons containing a wide range of aromatic substances
including benzene, toluene and xylene (BTX) as well as polyaromatic substances. Many of
these substances are carcinogenic. Tars generated by gasifiers of waste feedstock with
plastic content may be notably high. BTX and tars can be present in between 1% and 10%
of gas exiting the gasifier. Tars cool to form a liquid or semisolid substance that fouls the
system.

Tar has been one of the major issues leading to gasifier project failures although it can be
managed and minimised by process design and generally the higher the temperature of
gasification the less tar is an issue although this has to be balanced against slag formation
at higher temperatures.

Tar Yield by Temperature
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Scale up

Perhaps one of the most high profile gasification failures in the UK was the Air Products
project in Tees Valley. While little is officially known about the reasons for the decision by
Air Products to write off this £1bn project, there appears to have been a number of factors
including erosion of the gasifier walls and failure of the mechanical handling systems. But
more importantly the scale up of the system from a 10ktpa demonstrator to a 350kt project
was well ahead of a normal experience recommendation of a 10x scale up factor. Other
projects with less dramatic scale changes have still found this to be an issue.

WHY PHE HAS FIXED THE KEY ISSUES

The Powerhouse process operates at high temperatures and utilises a rotary kiln, rather
than a static vessel, to continuously move the feedstock through the system. This, along
with the rapid cooling of the syngas, prevents the formation of tars typically found in other
gasification technologies. These features ensure minimal tar production, which is collected
at a specific stage of the process, reducing fouling in other parts of the system and
addressing one of the main challenges in gasification. Because the system has been
designed in a modular fashion there is little scale up to produce larger capacity systems. It
is simply a case of adding more modules. This eliminates the other main issue in
gasification.

INTELLECTUAL PROPERTY

The company’s intellectual property is now well protected with patents granted in regions
where Powerhouse expects to see growth as key markets. There are four patents granted to
date with two in Japan, one in the UK and one in the EU. Further patents are pending in
the UK, EU and for the Rest of the World. The GB patents have been filed in the UK, Greece,
Hungary, Ireland, Macedonia and Poland with a unitary patent covering most of the
remaining EU countries.

LICENSING MODEL REDUCES CAPITAL NEEDS

Powerhouse has developed a business model that can be replicated internationally. The
model is quite similar to the licencing model used successful by a number of other clean
tech players. The core business is licencing the DMG technology to developers. This will see
a licence fee for use of the technology. Powerhouse will then receive royalty payments over
the life of any projecct.

The company will also deliver engineering services during the development and
construction stages of projects and will charge a fee and make a margin on doing so. This
will bring useful up front revenues ahead of project commissioning. Powerhouse will also
offer ongoing operations and maintenance services again for a fee and margin.

As it grows, Powerhouse will see early revenues as projects are developed but will also
benefit from annuity like income streams over the life of each project.

10
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Equity Research Disclaimers

Non-independent research

This report has been commissioned by the issuer and prepared and issued by Longspur Research, in consideration of a fee payable by the issuer. It is Non-
Independent Research and a marketing communication under the FCA’s Conduct of Business Rules. It is not Investment Research as defined by the FCA’s
Rules and has not been prepared in accordance with legal requirements designed to promote Investment Research independence and is also not subject
to any legal prohibition on dealing ahead of the dissemination of Investment Research. We do not hold out this research material as an impartial
assessment of the values or prospects of the company.

Notwithstanding this, Longspur Research has procedures in place to manage conflicts of interest which may arise in the production of Research, which
include measures designed to prevent dealing ahead of Research.

Minor non-monetary benefit

This Research is a minor non-monetary benefit as set out in Article 12 (3) of the Commission Delegated Directive (EU) 2017/593. The Research is paid for
by a corporate client of Longspur Research) and can be distributed free of charge.

Copyright

Copyright 2019 Longspur Capital. This Communication is being supplied to you solely for your information and may not be reproduced, redistributed or
passed to any other person or published in whole or in part for any purpose without the prior consent of Longspur Research. Additional information is
available upon request.

Regulated by the FCA

Longspur Research Longspur Research is a trading name of Longspur Capital Limited, authorised and regulated by the Financial Conduct Authority (FRN
839313). Longspur Capital is registered in England, company number 11011596.

No warranty as to accuracy or completeness

All information used in the publication of this report has been compiled from publicly available sources that are believed to be reliable, however we do not
guarantee the accuracy or completeness of this report and have not sought for this information to be independently verified.

Opinions contained in this report represent those of the Longspur Research analyst at the time of publication. Forward-looking information or statements
in this report contain information that is based on assumptions, forecasts of future results, estimates of amounts not yet determinable, and therefore
involve known and unknown risks, uncertainties and other factors which may cause the actual results, performance or achievements of their subject matter
to be materially different from current expectations. No representation or warranty is made as to the accuracy or completeness of the information included
in this Research and opinions expressed may be subject to change without notice. Longspur Research does not undertake any obligation to revise such
forward-looking statements to reflect the occurrence of unanticipated events or changed circumstances.

This report is solely for informational purposes and is not intended to be used as the primary basis of investment decisions. Longspur Research has not
assessed the suitability of the subject company for any person. Because of individual client requirements, it is not, and it should not be construed as, advice
designed to meet the particular investment needs of any investor. This report is not an offer or the solicitation of an offer to sell or buy any security.

Longspur Research has no authority whatsoever to make any representation or warranty on behalf of any of its corporate finance clients, their shareholders
or any other persons similarly connected.

Information purposes only

This Research is designed for information purposes only. Neither the information included herein, nor any opinion expressed, are deemed to constitute
an offer or invitation to make an offer, to buy or sell any financial instrument or any option, futures or other related derivatives. Investors should consider
this Research as only a single factor in making any investment decision. This Research is published on the basis that Longspur Research is not acting in a
fiduciary capacity. It is also published without regard to the recipient’s specific investment objectives of recipients and is not a personal recommendation.
The value of any financial instrument, or the income derived from it, may fluctuate.

Take own advice

The information that we provide should not be construed in any manner whatsoever as, personalised advice. Also, the information provided by us should
not be construed by any subscriber or prospective subscriber as Longspur Research’s solicitation to effect, or attempt to effect, any transaction in a security.
The securities described in the report may not be eligible for sale in all jurisdictions or to certain categories of investors.

Longspur Research may have a position

At any time, Longspur Research or its employees may have a position in the securities and derivatives (including options or warrants) of the companies
researched and this may impair the objectivity of this report. Longspur Research may act as principal in transactions in any relevant securities, or provide
advisory or other services to any issuer of relevant securities or any company connected therewith.

Only for eligible counterparties and professional clients. Not for retail

This Communication is being distributed in the United Kingdom and is directed only at (i) persons having professional experience in matters relating to
investments, i.e. investment professionals within the meaning of Article 19(5) of the Financial Services and Markets Act 2000 (Financial Promotion) Order
2005, as amended (the "FPO") (ii) high net-worth companies, unincorporated associations or other bodies within the meaning of Article 49 of the FPO
and (iii) persons to whom it is otherwise lawful to distribute it. The investment or investment activity to which this document relates is available only to
such persons. It is not intended that this document be distributed or passed on, directly or indirectly, to any other class of persons and in any event and
under no circumstances should persons of any other description rely on or act upon the contents of this document (nor will such persons be able to
purchase shares in the placing).
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Distribution in the US

Longspur Capital Limited (Longspur) is not registered as a broker-dealer with the U S Securities and Exchange Commission, and it and its analysts are
not subject to SEC rules on securities analysts’ certification as to the currency of their views reflected in the research report. Longspur is not a member of
the Financial Industry Regulatory Authority. It and its securities analysts are not subject to FINRA’s rules on Communications with the Public and
Research Analysts and Research Reports and the attendant requirements for fairness, balance and disclosure of potential conflicts of interest. This research
report is intended for distribution in the United States solely to "major U.S. institutional investors" in reliance on the exemption from broker-dealer
registration provided by Rule 15a-6 under the United States Securities Exchange Act of 1934, as amended, and may not be furnished to any other person
in the United States. Each major U.S. institutional investor that receives a copy of such a report by its acceptance thereof represents and agrees that it shall
not distribute or provide copies to any other person.

MAR Formal disclosure of conflicts

This report has been commissioned by the issuer and prepared and issued by Longspur Research in consideration of a fee payable by the issuer. Fees are
paid upfront in cash without recourse. A draft has been sent to the issuer for comment and it has been appropriately amended.

Neither Longspur Research nor the analyst have any holdings in the issuer. Longspur Research may from time to time provide the issuer with of
consultancy advice.

See webpage for additional MAR disclosures.
GDPR

For further information about the way we use your personal data please see our Third Party Privacy Notice at https://longspur.com/privacypolicy.html or
at such other place as we may provide notice of from time to time. We may contact you about industry news, offers and information relating to our products
and services which we think would be of interest to you. You can tell us you do not wish to receive such communications by emailing
michelle.elsmore@longspur.com.

Laven Consulting Limited (incorporated and registered in England and Wales with company number 10918441) (“Laven”) acting through its Paris branch
located at 128 Rue La Boetie 75008, Paris, France as designated representative of Two Sigma Investments LP (“Company”), in accordance with art. 27 of
the General Data Protection Regulation (the Regulation (EU) 2016/679) (“GDPR”). The Company has mandated Laven to be the European representative
of the Company with regards to any communications or enquiry from the Supervisory Authority and/or data subjects on all issues related to the processing
of personal data. Please contact Laven on info@eurorep.eu; the postal address is FAO EuroRep, c¢/o Laven Partners, 128 Rue La Boetie 75008, Paris,
France. When contacting Laven regarding the Company please quote the name of the company and the Ref: 0085.

Severability Applicable law

Exclusion of Liability: To the fullest extent allowed by law, Longspur Research shall not be liable for any direct, indirect or consequential losses, loss of
profits, damages, costs or expenses incurred or suffered by you arising out or in connection with the access to, use of or reliance on any information
contained on this note.

Longspur Research Longspur Capital

10 Castle Street, 20 North Audley Street,
Edinburgh. EH2 3AT London. W1iK 6WE

UK UK
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