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Quicker connection of wind with
grid monitoring and DLR

Vivi Mathiesen, VP Regulatory Affairs, Heimdall Power




Heimdall Power is a trusted vendor globally 28

35 grid companies across 16 countries’
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Power grids have become a mainstream topic 8
Key to reaching net zero and other policy targets
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Adding capacity to the electricity
grid is not a simple task
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Itis even more difficult if the power comes from renewable sources
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Gridlock: how a lack of power lines will
delay the age of renewables

Abacklog of wind and solar projects is waiting to connect to infrastructure built for another era, threatening
net zero plans




Large planned volumes of wind in Finland
Can the grid keep up?

Historic and forecast wind power generation capacity, 2010-2035
Installed Capacity (MW)

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034

Source: GlobalData's Finland Wind Power Analysis: Market Outlook to 2035 report

https://www.power—technology.cong hts/wind-power-in-finland/




Monitoring can reveal significant additional capacity in
()
DLR utilizes the fact that capacity varies with temperature

S
el

In operations:
« Temperature measurements +30%
« Sag and clarence to ground
 Actual Ampacity - DLR
Emergency rating

capacity increase on average
and up to 200% in many cases

1 -57 of the cost of a new power line to
O deploy Heimdall’s solution

250

D and weeks rather than years of
ayS installation time — no shut down

200

Increased copacity %

150

33% more efficient and save cost b
Plan 4

postponing or avoiding investments

100

50 0% 56% s TRL 9 - System ready for full scale deployment

—— HPDLR === SLR Source: https:/www.entsoe.eu/Technopedia/ 5
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In general — two ways to acquire DLR

Weather based vs. sensor based

« Weather- (software-) based

» Data from metereological services
& local weather stations S SR P

» Calculates temperature on the
conductor

e Sensor-based

» Measures temperature directly on
the conductor

 Calculation of sag based on the
angle of the line at the span point

Relative Ampacity

~ . 450 100 %

180° 180°



Weather based vs. sensor based DLR

Adding more capacity and understand the dynamic load limits
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DLR Neurons
—— DLR Virtual

--- Total production capacity

+30%
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Heimdall Power combines both methods

The sweet-spot between accurate sensors and advanced software

Software only

Low accuracy and low cost,
scalable and fast to deploy
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Optimal accuracy, cost effective,
scalable and easy to deploy

Sensor only

High accuracy and high cost,
not scalable and slow to deploy

>

<€

Existing
software solutions

Low-cost software
solutions that simulates
grid conditions by using

indirect data sources
(weather data)

Fast to deploy system-
wide, low accuracy and
no observability, limits
number of applications

Heimdall’s
Virtual Neuron

&

Low-cost software
solution, continuously
improved by using
machine learning on
Heimdall’s unique and
proprietary sensor data

Fast to deploy system-
wide, higher accuracy
widens number of
applications

Hybrid deployment
of Heimdall’s Neurons

-

~ —

Scalable solution
combining software and
sensors making system-

wide deployment both
cost-efficient and
accurate

Heimdall’s
Physical Neuron

~

Sensor platform
providing the same
accuracy as legacy

solutions at <20% of the
cost

Easy to deploy, self-
sustaining, maintenance
free without
compromising on
functionality and quality

Existing
hardware solutions

[8\

Physical sensors
providing high accuracy,
but are typically bulky,
costly to install, require
maintenance and too
expensive for system-
wide deployment
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Case example: increased capacity of wind farm Y
Heimdall technology unlocked hidden capacity through new load limits

Grid capacity over time

300

250

200

=
S 150

100

Wind developer asked if they could
2 increase wind farm capacity with
30% from 100 to 130 MW

50

——Load Projected Load Increase ——SLR
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Case example: increased capacity of wind farm Y
Heimdall technology unlocked hidden capacity through new load limits

Grid capacity over time

300

250

200

=
S 150

100

. g The Heimdall Neuron revealed that
50

actual capacity is far above the
- static limit

0
——VLoad Projected Load Increase ===SLR ——Capacity
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Case example: increased capacity of wind farm Y
Heimdall technology unlocked hidden capacity through new load limits

Grid capacity over time

300

250

200
=
S 150

100

The increased capacity equated to
5x increased production for the
wind farm

50

Capacity Projected Load Increase

11
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Our journey towards a system-wide offering

From R&D-pilots to single-line monitoring, and now system-wide applications

System-wide grid monitoring 2025 —

Combination of Virtual and Physical Neurons to provide an unrivaled
combination of accuracy and cost at scale

Non-commercial Single-line monitoring

2016-2019 2019 > :
S - Sand-box solution

Technology verification of Deployment of a limited number

sensors and software through of sensors to solve specific

PoCs with pilot customers problems on a few lines + PGO

(Capacity / Ice / Vibration)

Exploratory phase Pilot phase Implementation phase

-
-

+ New assets

12



Announcing the world’s...
1st system-wide contract!

IAAY

C— IViA + f/:_i Heimdall Power

7

Grid to be monitored with Virtual Neurgﬁé . Physical Neurds Neurons to be installed by drone

+3000km ~  / >100 minimum 50%



The grid is facing new challenges — status quo is not an option %,i\%

Grid operators need digital tools to accommodate renewables and electrification
Increased electrification is Underutilization of renewable More extreme weather is

creating bottlenecks energy assets due to causing line failures
unnecessary grid constraints "

: \
Germany congestion costs Grid connections queues US major power outages
EUR billion per year

# of severe gqustomer incidents’
3,2 ’

160

m Solar = Wind -

2019 {0240 2021 2022 Europe
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HeimaauseelClimate Central; Bloomberg New Energy Finance; 14
Notes: 1) Affecting 50k customers or more
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Thank you!

Vivi Mathiesen, VP Regulatory Affairs

Heimdall Power vivi@heimdallpower.com

heimdallpower.com

Heimdall Power

Heimdall Power Inc.

NORWAY
St. Olavs Gate 28
0166 Oslo, Norway

USA
1000 Main St, Suite 2300
Houston, TX 77 002, USA

General inquiries
post@heimdallpower.com

Sales inquiries
sales@heimdallpower.com

in
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