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Power sector tfransformation propelled by three trends %I;Esh;ghis
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I. Decentralisation —supply side. Wind and
PV is largely centralised today but
distributed generation - notably rooftop
PV, ~ 1% of all electricity generation
today - is growing, bringing new flexibility
opportunities at demand side

ll. Electrification -demand side. It plays in
two ways, may decarbonise end-use
sectors through renewable electricity
and, if done in a smart way, become a
flexibility source to integrate more
renewables in power systems

lll. Digitalisation -system integration. Covert
data into value by optimising complex
systems with more actors involved, many
small generation units and new type of
loads

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables



Blockchain (DLT) — Decentralised RE with smart contracts
at the core >> TRANSACTIONS
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Others

6%

Peer to peer power trade

36%

Electric mobility

11%

Management of renewable
energy certificates

11%

Financing renewable energy
development

Grid management and
system operation

24 %

12%

Note: Data as of July 2018.
Based on: Livingston et al. (2018), Applying Blockchain Technology to Electric Power Systems.

Source: IRENA (2019), Innovation landscape brief: Blockchain




Global power supply projections in a 1.5C scenario IRENA
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Electricity consumption by sector, 2018, 2030 and 2050 (TWh/yr) in the
1.5°C Scenario In 2018
« Global electricity
Electricity consumption (TWh) demand: 22k TWh
80 000 » Electricity consumed in
70 042 the fransport sector: 390

TWh (1.8% of total)
« Data centres demand:
200 TWh (1% of total)

70 000
60 000 ng;?

50 000
#0000 36 282 In 2030
30 000 22 316 — « Global electricity
20 000 demand: 36k TWh
390! « Transport sector: 3k TWh
10 000 - (83%)
o —L1%7 19 523 2363 ' - Data centres: 1k to 4k
. — — TWh (2.7% to 11%)
2018 2030 2050
Where we need to be Where we need to be
(1.55) (1.55)
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Innovation unlocks flexibility across the power system
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Flexibility

Supply

Flexibility
providers in the current
power system

Grids

Flexibility sources: Flexible generation

Demand

N

Flexibility

Flexibility
providers in the future
power system

Storage Storage
Supply Grids DER
Distributed
energy
resources

Flexibility sources: Flexible generation; Regional
interconnections and markets; Demand response;
Storage; Power to X

Issues

1- Anhnudadl
Energy
demand: must
come from
renewables

2- Load profile:
peak demand

Smart vs dumb
electrification
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In Coinbase’s Rise, a Reminder:
Cryptocurrencies Use Lots of Energy

The company’s stock market arrival establishes Bitcoin and other
digital currencies in the traditional financial landscape. It also
elevates a technology with astonishing environmental costs.
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Electricity needed to mine bitcoin is
more than used by 'entire countries'

Bitcoin mining - the process in which a bitcoin is awarded toa
computer that solves a complex series of algorithm - is a deeply
energy intensive process

Cryptocurrencies

Cathie Wood’s ARK Says Bitcoin Mining Is
Good for the Planet

By Joanna Ossinger
April 22, 2021, 10:06 AM GMT+2

Follow us @crypto for our full coverage.

Bitcoin mining is often decried as a highly energy-intensive activity. But
Cathie Wood'’s ARK Investment Management LLC has

research that maintains it isn't as environmentally das

ne some new

as some claim.

‘The argument is that Bitcoin mining could encourage investment in solar
energy systems, enabling renewables to fulfill a higher percentage of
demand from the energy grid at a constant cost of electricity, according to a

The debate about cryptocurrency
and energy consumption
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Bitcoin’s Energy
Consumption Is A Highly
Charged Debate — Who'’s
Right?

Lawrence Wintermeyer Contributor G
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How Bitcoin's vast energy use could
burst its bubble

By Justin Rowlatt
Chief en

ronment corres

Climate change

How much power does bitcoin consume? It is a question that has
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Why does Bitcoin need more energy than
whole countries?

Author Ti

Related ¢

Running the eryptocurrency Bitcoin requires more energy than New Zealand and Belgium
put together. How can something virtual keep power plants around the world so busy?
DW's Timothy Rooks looks into the numbers.




Why is energy required for blockchains IRENA
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Proof of work

* Bitcoin Many miners Decentralised, energy-intensive, difficult to scale
* Ethereum

* Others

Proof of stake
e Ethereum 2.0
e QOthers

Many validators Decentralised, energy-efficient, easier to scale

Proof of authority

* Hashgraph Few validators Centralised, energy-efficient, easiest to scale
* Energy Web

e QOthers
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Miners use specialised mining equipment to solve
complex mathematical problems in order to receive
rewards (Bitcoin, ETH, others).




Estimated Bitcoin network electricity consumption (2015-2021) IRENA
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Estimated Ethereum network electricity consumption (2017-2021) IRENA
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Renewable energy costs declined rapidly over the last 10 years (2010-2019)
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Opportunities for grid flexibility
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Matching peak load with peak renewables supply
e Changing the profile of consumption of miners
through price signals
Battery storage

* Integrating battery storage into mining operations to
store renewable electricity during periods of peak

supply
* Consume or sell power back to grids when renewables
production falls

District heating
* Use waste heat from mining rigs to produce hot water
local minimalities
We explore these options and more in IRENA’s Innovation
Landscape report

https://www.irena.org/publications/2019/Feb/Innovation-landscape-for-a-renewable-powered-future

OB IRENA

INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES




Learning from related sectors: Strategies to integrate higher IRENA
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A few key strategies employed by data centres which may prove useful for PoW mining
include, among others: "

* Locating data centres in
locations with abundant and
cheap renewable electricity

* Enabling data centres to provide
services in power flexibility
markets

e Leveraging sector coupling
* Integrating battery storage

* Using machine learning to
optimise operations and
increase energy efficiency

https://energycentral.com/c/cp/nexus-between-data-centres-efficiency-and-renewables-role-model-energy-transition
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Conventional compute load

Execution of compute tasks throughout the day, regardless of carbon impact

MIDNIGHT MORNING NOON AFTERNOON EVENING

Source: Google
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Odense Data Center: Heat Recovery Process

C
(:1;

. I

# l
e
Wind turbines add renewable Hot air from the servers is The warm water from the data center The hot water delivers the heat
energy to the electric grid that directed over water coils to coupled with additional renewable energy to the community via the district
supplies our data centerand heat water is used in a heat pump facility to create heating network
pOWers our servers . hot water for the district heating network

* Not to scale

Source: Facebook
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Proof of Work Vs. Proof of Stake

e Ethereum’s imminent shift from

PoW to PoS is set to reduce the . ° ™ =
network’s energy demand by I ! ! w .

around 99%.
To add each block to tl;e Ch?ﬁ‘c:f}rfmilners There is no competition as the block
° i i i must compete to solve a difficult creator is chosen by an algorithm
Layer Z In novatlons rEd uci ng puzzle using their computers based on the user’s stake.
rocessing power.
energy needs Prmesshg R
0}
* ETH L2 I O ]
* BTC Lightning Network I V,“ Im
—_—————————————
In order to add a malicious block, In order to add a malicious block,
you'd have to have a computer more you'd have to own 51% of all the
powerful than 51% of the network. cryptocurrency on the network.

L & X

™ sl

The first miner to solve the puzzle There is no reward for making

is given a reward for their work. a block, so the block creator
takes a transaction fee.

Source: Blockgeeks
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Many uncertainties remain, threats and opportunities

Switch to energy-efficient means of consensus wherever possible, decarbonise PoW
where needed

Adopt strategies from similar, power-hungry, sectors to manage energy consumption
more effectively

Climate targets are not doomed but that depends on how we move forward
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If you have thoughts on this topic please reach out to

innovation@irena.org
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THANK YOU FOR JOINING US!

SEE YOU IN OUR NEXT WEBINARS
www.irena.org/events/2020/Jun/IRENA-Insights
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International Renewable Energy Agency



