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Energy & Power Key Takeaways

We are pleased to sharewith you ourkey event takeaways from the Cleantech Forum San Francisco, held
on27-29 January2020. The annual event brings together global investors, innovators, corporates, and
change-makerslooking for answers to thebiggest question: who will lead the transformation we’re all
waiting for?

This year, the theme of the Forum Welcometo the Chaos of the2o20s: Urgent Actions, Unusual
Strategies, UnexpectedAlliesechoedthe growing pressure to deliver solutions. Topics for Energy &
Power included edge computingin energy, smart buildings, long-duration energy storage, and waste
hydrogen,amongst others.

For any follow-up questions about the event, please contact:
LouisBrasington, Research Associate for Energy & Power (louis.brasington@cleantech.com)

Energy & Power Digitization and Decarbonization: It’s no longer just
about the early adopters and targeting lower hanging fruit

Globally we are seeing an unprecedented accelerated pace of low-carbon technology being appliedacross
the energy value chain. In terms of energy investment, 2019 was thehighest yearin the past six years, with
atotal of $3.95billion ininvestmentsand 447 total dealsoverthe 12-month period.

Frombuildings to batteries, the broader decarbonization trendis no longerjust about decarbonizing
easy/quick markets. Instead, the conversation has shifted towards those industries and assets where
carbonis muchharder to abate.

It was great to see the broad spectrum offamiliar faces at the Forum. However, what stood out most to me
over the 3dayswas the surge of corporate investorsjoining our ranks. Incumbents that have been slowto
adoptare being forced to innovate, keeping pace with tightening regulation and consumer demand.
Aviation corporates, mining incumbents and steel manufacturers globally are waking up to theclimate
urgency,and unusual strategies between newer market entrants andindustry incumbentsarebecoming
more commonplace.

Edge Computing in Energy

KeyTakeaway: Edge computingis notanotherbuzzword like IoT and blockchain —it’s anew paradigm
which canbe deployedtoday.

Edge computing, comically defined bythe panel as anything that’s not Amazon Web Services, involves
processing dataas closeas possible tothe source. The newIT paradigm provides the ability to reactinreal
time, enabling innovations closerto the asset,and bringing real time analytics close to the source of data.

For the energy sector, edge computing can be applied to many applications, including distributed asset
management infrastructure and digital substation architecture,and predictive maintenance forwind
farmsinremote areas (e.g.audio for vibrations). Foghorn, Pixeom (whichwas acquired by Siemens last
year), Energize Ventures and National Grid Partners shared their thoughts on the stage.
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The panelists highlighted some key use cases in the energy sector, includingFoghorn’s example in
offshore drilling. Today, flaring conditions are currently monitored/red flagged manually. Foghorn has
developed a flare monitoringsolution by takingvideo streams of flare and flagging it real -time.

The market today consists of multiple specific software providers where mostare differentiated by
application set,but the panel agreed that the market maymove towards ecosystemconsolidation, where
players canbe verticallyintegrated. Many incumbentswhose corebusinesses are asset-heavy companies
inthe space have these platforms andarekeen to build out their datastacks. Today,Japan and Korealead
in terms of edge computing adoption, in part due to their drive to implementlean techniques, whereedge
hasreal value for operational efficiencies.

Edge computing sits today at the hype part of the curve. However, the current market features fewlarge-
scale deployments. Thisis a fewyears awayand somechallenges need to be overcome. Adopting edge is
hindered by cybersecurityconcerns,and a higher frequency of edge sensor deployment s still needed. The
key takeaway from the session is that edge computingshouldn’t be thought of asa newapplication within
IT, butasanewIT infrastructure paradigm altogether.

Smart Buildings

Key Takeaway: It’s not just about energy! There is a growing demand for human-centricbuildings is taking
placeto maximizebuilding productivity and comfort.

Given the urgency of climate change, a different kind of thinking will be required over the next 10years to
make buildings more adaptive to the realities of the future. The panelists included Vigilent, VergeSense,
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Arbnco and Windsail Capital who discussed how human-centric buildingsolutions arestarting to see

wider adoption.

Over the pastfewyears buildings have become more equippedwith smartIoT sensors and high-speed
networking infrastructure. The market hascomealongalong way inrecent years, with new standards,
certification requirements andlow-emission building mandates helping efforts globally. Today, whatis
defined as a smartbuildingis very different depending on the user type, rangingfrom occupant to asset
manager to buildingowner. There are manyuse cases that have proven profitable. However, on the
occupant experience side, itis less developed. Use cases are not personalized and not centered around the
occupants. You can’t “talk” to hotels as you do to yourhome. Innovations are primarily focused on
maximizing the overall value of a building, which today is a problem. Currently, office buildingshave on
average 5o0% wasted space.

Although new AI-driven innovationis helping to maximizebuilding value, there was consensus across the
panel that fragmentation still exists along the building supply chain, from design to procurement. These
silosbetweenreal estate developer, energy stakeholders and the operational team result from amixture of
priorities, rangingfrom higher productivity to staff retention, happinessto safety. Players across the
supply chain need to developbetter “blueprints” of howa building is going to be used to developmore
cost-effective, valuable solutions.

Long Duration Energy Storage

K ey Takeaway: Cater for market requirements, not forincrementalenergy storage duration
improvements.

Asrenewable energy continues to proliferate, utilities and other grid stakeholder are increasingtheir
requests for large-scale long-duration energy storage solutions thatlithium-ion, coal plants and pumped
hydrowillnotbe able to satisfy. While lithium-ionis the clear front runner for short-term balancingneeds,
itwas clear thata gap exists for solutions that can deal with multi-day, multi-week and multi-month
balancing requirements. The three innovators on the panel, Quidnet Energy, ESS,and Form Energy
emphasized that while theyarefocusing on the “long duration” market, they do not feel they are
competing within the same buckets of duration.

The gap in the markets ranges from 4 hours of energy discharge, all theway up to 100 hours. Further more,
therequests coming fromthe grid players rangebroadly across this spectrum, depending on how
fundamental value ona gridsystemis differentiated. Factors such as energy storageregulation, renewable
penetration, off-peak pricing natural gas cost and policy, peaker plant decommission rate, transmission/
interconnector capacity and capacity market replacement cost are key variables that dictate this current
need. BP, the corporateon stage, discussed their view, showing an increasing interest in solutions which
go above “daily cycling” andarein the exploration phase to understand the value of the multitude of new
solutions coming to market.

One key point from the panel focused on howthe demand forlong duration storage is going onevolve.
Instead of a correlating increasein demand and incremental stepsthrough durations, the products will
develop based on what the market needs, and ultimately, is willing to pay for. When it comes to long
duration, costis one of the primary drivers to watch. Figure1 below highlights some of the innovators in
the space.
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Figure 1 Energy Storage Market by Duration and Power Rating, Cleantech Group

Capture Waste Hydrogen

K ey Takeaway: From industrial reclamation, foodwaste recoveryto carbon to hydrogen, cost competitive
solutions for obtainingclean hydrogen can beobtained from wastestreams.

About 80% of the hydrogen we produceis for afewkey majorindustries: chemicals, refining industry,and
applications in metal production, methanol production,food processing and electronics. However, over
the past2years, there hasbeenanacceleration across all segments of hydrogen with investments into
electrolysis and infrastructure build up. This change has come about from a global re cognition from both
the private and publicsector that hydrogen, if produced froma renewable source,canbe used asa green
energy carrying-molecules to couple carbon-intensive sectors such as heavyindustry, heat, transportation
and power generation.

Mosteffortsin the markethavebeenaiming to drive down the capital costs associated with renewable
hydrogen production, which are predicted to become competitive within the next decade when they reach
the $2-$3 per kg of hydrogen. However, the session panelists proposed three alternative solutions where
renewable hydrogencouldbe obtained from unfamiliar waste streams.

e Electro-Active Technologies proposedusing electrolysisand microbiology to producehydrogen
from food waste at room temperate in one reactor, providing azero-emission fuel while also
offering a solution to food waste. The company is targeting electrolysis costs of $6/kg, which
could be driven down given the revenue opportunities for dealingwith foodwaste.

e Skyreisgoingafterthe metalsmarkets wherehydrogenisused asa product treatment agent.
Waste hydrogen is capturedusing an electrochemical compressor. One initial applicationis
currently beingpiloted with Shell viathe H2 Refuel Accelerator, where Skyre is capturing waste
hydrogen form Shell’sindustrial furnaces, whichalone could be a $100 billion market.
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e Proton Technologiesis targeting depleted oil reservoirs, converting them into hydrogen mines
and thermal generators. Hydrogenis produced using combined in-situ gasification and hydrogen
selectivity techniques. The companyis currently in pilot phase.

Decarbonizing Heavy Industry
K ey Takeaway: Industrialincumbents are waking up to CO2,but we aren’t fullythereyet.

Innovationhasaccelerated the scaleup of decarbonization for the power, buildings,and transport sectors,
leading to reductions in costs. Unfortunately, less innovation and cost red uction has taken placefor
industrial decarbonization technologies. Thisis a problem as global industrial GHG emissionsrepresent
about 24% of all GHG emissions-more than all from transportation andalmost as much as from power.

CO2withinheavyindustryisalotharder to abate, making the pathway for reducing industrial CO2
emissionsless clear. During the discussion, the panelists from Boston Metal, METRON and OGCI Climate
Investments dived into what near-term opportunities the heavy industrysector has to join the global
decarbonizationtransition.

Onthe software side,advanced energy management can provide improvementsthatlower fuel
consumptionby 15%to 20% and can be economical in the long run. The challengeis that most industrial
complexes are not “industry 4.0” ready and are risk averse, and therefore a managed serviceis generally
required to guide customers through digital transformation. By workingdirectly alongside machine
providers, facility managers andutilities (whohelp build new services to sell to industrial clients),
METRON is helping to build dynamic knowledge databases using AI - froma data science and physical
model perspective.

Many challengesexist forinefficient systems. Electrification of heatis a heavy hitterwhen it comes to
CO2.Today,electrifyingheat production at greenfield cement plants is believed to be even more cost-
competitive than applying carbon capture and storage to the emissions from fuel consumption. Boston
Metal discussed how their metal oxide electrolysis systemis helping to electrifyheating systemsin the
mining industry and steel sector. While difficult to penetrate due to tight operating margins, the steel
industry is starting to improve, particularlyin Europe, where a 2050 carbon neutral goalhas been set. Both
Boston Metal’s solutions and hydrogen as a feedstock for the steel industry were discussed as potential
options.

Inadditional to industrial energymanagement and heat electrification, the group discussed how
industrial demand response can be alow hanging fruit for decarbonizing industry,and howwaste heat
recovery technologies also have highpotential, particularly in smaller scale applications.

Other Key Sessions

Nuclear: Innovative versions arecreatinga promising picture for the future of nuclear both fromalow
carbonand economicstandpoint. The 2020s will be a key decade to see iftnewnuclear can competeas
solutions are commercialized.

LowCarbon Fuels: Fuel efficiency in the aviation industry is growing but emissionsarestill rising. Instead
of purchasing offsets, the aviation industry needs to investigate carb on neutral fuels.
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Power-to-X: Asrenewable generation continues to grow worldwide, power-to-x markets have emerged,
with technologies utilizingpower to create fuels, chemicals, gas,and other products. Large-scale pilots are
in the works and the real value will be shown in the coming years.

What’s Next?

Luxembourg, 18-20 May 2020

The Cleantech Forum Europe will be 18-20 May 2020in Luxembourg to continue the discussion about
howdisruption and transformation will impact your business.

Register here today tojoin us!
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