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* Introduction

= Status of Grid in USA

= Motivation and problem statement
= Need for a Macro DC Grid in USA

= Technology Gaps

= System Operation Challenges

=3 Solar potential

= Skills Needs for the Integrated AC & DC Grid e Wdeottig
. Multi-terminal HYDC
u COHC|USIOI‘]S m Converter stations

ARPA-e MeGRID Workshop 6-7 June 2024



https://arpa-e.energy.gov/events/macro-electronic-multi-terminal-grid-workshop
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ARPA-E Impact Indicators 2024

Since 2009
ARPA-E has provided

$3.76 billion

in R&D funding to
more than 1,560 projects
+ 54 selected projects

@

230 projects

have attracted more than

ol

in private-sector follow-on funding

154 companies

formed by .

ARPA-E projects @
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There are three distinct (AC) grids in the U.S. arpa-@

CHANGING WHAT'S POSSIBLE
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https://www.vox.com/energy-and-environment/2018/8/3/17638246/national-energy-grid-renewables-transmission



https://www.vox.com/energy-and-environment/2018/8/3/17638246/national-energy-grid-renewables-transmission

Climate crisis is exacerbating reliability concerns
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Average annual total of electric power interruptions (2013-2022) e ia’
number of hours per customer
9
8 <4msmmmm NeW record!!
7
6
5
4 with major
3 events
2 U.S. 2023 Billion-Dollar Weather and Climate Disasters
’ @ DroughtHeat Wave @ Flooding () Hail & Huricane g Severe Weather @) Tornado Outbreak () Wildfire Winter Storm/Cold Wave
North Central and
0 T T T . . T . T . ) Eastern Severe Weather  Central Tomado Outbreak and
July 28-29 1 Eastern Severe Weather Northeastern Winter
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Rockies Hail Storms, Central Minnesota Hail Storms Central and Eastern March 31-April 1 Storm/Cold Wave
) o . ) and Eastem Severe Weather August 11 Severe Weather Northeastern Flooding and February 2-5
Data source: U.S. Energy Information Administration, Annual Electric Power Industry Report June 21-26 April 4-6 North Central Severe Weather

Average annual total electric power interruptions by U.S. state (2022)
number of interruptions and duration (hours) per customer

eia

4
Alaska
o]
_ ® Maine
L 3 Tennessee o}
< o West Virginia
w ®
Vermont
2
® New
o Hampshire @ Florida
u.s.
1 average
0 *
0 5 10 15 20 25 *SAIDI (System
SAIDI Average Interruption

Duration Index)

Data source: L.5. Energy Information Administration, A ! Electric Power Industry Report

North Central and
Southeastern
Severe Weather
California Flooding July 19-21

January-March

Central and Eastern Q i" 0
Tornadoes and Hail Storms @ /

May 10-12 ‘ '

——=@ Typhoon Mawar Guam

May 24-25
Central and Southern Severe Weather -
June 15-18
Central Severe Weather

July 9-15 \

)o@ Northeasten and
Eastern Severe Weather

August 5-8
\ Southern and Eastern

Severe Weather

March 2-3
Southern and Eastern
Severe Weather
(o] \_  March 24-26

Hurricane |dalia

Q

East Coast Storm
and Flooding
December 16-18

J—
April 19-20

Southem
Severe Weather . August 29-31
: SouthernMidwestern )
April 25-27 / Drought and Heat Wave | ontral and Central Severe Weather Fort Lauderdale Flooding
Hawai'i Firestorm @—— Texas Hail Storms Spring-Fall | Southem June 28-July 2 April 12-13 -
August 8 %1 Southem Severe Weather Severe Weather Central Severe Weather ( A @
Southern Hail Storms September 23-24 June 11-14 April 15 May 6-8 Nt/ U

o

This map denotes the approximate location for each of the 28 separate billion-dollar weather and climate disasters that impacted the United States in 2023.

https://www.climate.gov/news-features/blogs/beyond-data/2023-historic-year-us-billion-dollar-weather-and-climate-disasters




Impact: Reliable, Resilient Grid Avoids Outage Costs QArPG-@

CHANGING WHAT’S POSSIBLE

Weather - 43%
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Credit: Joe R;a]w— Getty Images

mm 26% of manufacturers lose power every month = 8+ hOUfS/CUStomer/year
B 58% experience an outage lasting ' W|th0ut power

= 500K people affected daily
amesneet $5,000,000

= Weather-related outages cost
1 hour of downtime can cost large manufacturers more than $5,000,000.

up to $70 billion per year

= Department of Energy Report Explores U.S. Advanced Small Modular Reactors to Boost Grid Resiliency | Department of Ener
= https://www.bloomenergy.com/blog/a-day-without-power-outage-costs-for-businesses
= https://www.economist.com/graphic-detail/2021/03/01/power-outages-like-the-one-in-texas-are-becoming-more-commaon-in-america



https://www.energy.gov/ne/articles/department-energy-report-explores-us-advanced-small-modular-reactors-boost-grid
https://www.bloomenergy.com/blog/a-day-without-power-outage-costs-for-businesses
https://www.economist.com/graphic-detail/2021/03/01/power-outages-like-the-one-in-texas-are-becoming-more-common-in-america

Energy Pricing Driven Motivation
Extreme Weather Events

Ref: Platts Market Data 3.0. Real-Time Locational Marginal Pricing [Data set]. 5&P Global Market Intellizsence Accessed April 23, 2023
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The extent of the energy shortage in SPP with
LMPs in excess of $1,000/MWh for 3 days and
at one point exceeding $4,000/MWh

During that time, PJM and MISO markets were
not generally impacted by Uri, and the LMPs
reflect that during that time period

“Grid Strategies LLC. “Transmission Makes the
Power System More Resilient to Extreme
Weather.” American Council on Renewable
Energy. July 20217 found that an increase in
1GW of transfer capacity between ERCOT
and the southeast during Winter Storm Uri
would have saved $1 billion




Substantial Load Growth in the Coming Decades QrpPQ-@
> 3x Electrical load growth by 2050 (3-4 TW)

2010 2023
- Data centers expansion & electrification of transportation — —
Solar
= $25+ billion in annual U.S. transmission investments 20001
- Interconnecting Queues drastically increased i
< 1500+
= Weather causes 40% to 65% of all outages — $ 150 B p.a. g
& 10007 eomibems
- Each 1h downtime costs large manufacturers $ 5 M Gas Gas
. 500 - 462 N
= Net-zero carbon goals by 2050 — 2.6 TW New Generation “ e m ﬁ
. ° . Gas
waits in the queue to interconnect 0= m ——— e

b 7. 4 |
= b

Demand-Side Impacts of a Highly Electrified Future, 2023 ~ Goldman Sachs Global Investment Research, 2024 ~ Annual US Transmission Investments 1996-2023 (brattle.com) LBNL Data



https://www.nrel.gov/news/program/2018/analysis-demand-side-electrification-futures.html
https://www.goldmansachs.com/intelligence/pages/gs-research/generational-growth-ai-data-centers-and-the-coming-us-power-surge/report.pdf
https://www.brattle.com/wp-content/uploads/2023/07/Annual-US-Transmission-Investments-1996%E2%80%932023.pdf
https://emp.lbl.gov/news/grid-connection-backlog-grows-30-2023-dominated-requests-solar-wind-and-energy-storage#:~:text=Active%20capacity%20in%20U.S.%20interconnection,existing%20U.S.%20power%20plant%20fleet.
https://border-now.com/san-diego-is-one-of-the-cities-with-more-electric-cars-sold/
https://www.dashwire.com/data-centre-decommissioning-guide-and-practices

Our Grandparents’ Grid QArpQ-e@

CHANGING WHAT'S POSSIBLE

Well established One-way power flow
transmission pathways distribution
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| Centralized, | Electromechanical “Passive” energy
dispatchable generation (ON/OFF) substations consumers




Our Grid (patching up our Grandparents’) QrpQ-e

CHANGING WHAT'S POSSIBLE

Well established One-way power flow
== ), (ransmission pathways distribution
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Intermittent, renewable
resources New load patterns

stressing distribution

g Active Loads

10




We Have Been “Patching” the Existing Grid arpG-@

CHANGING WHAT'S POSSIBLE
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. Series Compensator

Unified Power Flow uud
Controller (UPFC) STATCOM Thyristor Switched ~ Thyristor Controlled
Capacitor (TSC) Reactors (TCR)
Conventional Transformer \ Y J
y -

‘ . . Flexible Alternating Current Transmission System (FACTS)

= Transformer only features voltage step-up/down
functionality, no active filtering, control and protection

= FACTS devices / active filtering needed to improve power
quality (harmonic distortion)

» These devices cannot increase the line capacity in the way
HVDC can

= HVDC inherently includes most of the FACTS functionality



https://electrical-engineering-portal.com/download-center/books-and-guides/electricity-generation-t-d/improving-voltage-quality
https://www.bigsciencesweden.se/media/2fgid4kx/ess_carlos-martins-power-supplies-for-particle-accelerators_191126.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:20cb0415-9202-43f3-ba03-9dd151d23368/MOTP-B10004-00-7600_AC-BSV-EN.pdf

Renewables and IBR Impacts on the Grid Qrpa-e
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. Intermittency_ » Resiliency Impact
« Address with storage « Interface inertia mismatch
» Develop baseload renewables - Grid stability issues
, « Degrades traditional transformer reliability
161 7
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* Inverter-based Resources (IBRs)
 Interconnection Standards
« Protection Coordination
* Replacing inertia
« Grid-forming v/s Grid-following
« EMI and Reliability




Our Children’s Grid (Imperceptible Infrastructure) QpPa-e

CHANGING WHAT’S POSSIBLE
% Z4nnn

()
00000000000000000000000000000000000

Microgrid
e 7 (—
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= Hybrid AC/DC mix for HV_and MV Networks

= Dynamic, two-way power flow... Everywhere

= Solid-state and traditional substations = Prosumers and Active Loads

= Distributed mixed generation (and storage) « Microgrids

13




A Macro Super-Highway Grid is Needed:! b e

I Solar potential
B Wind potential
B Solar + Wind potential

US Transportation
‘ Highway System
\ 4
.’ Multi-terminal HVDC Electronic
{:} Converter stations | Super-Highway
\ /




How may the MacroGrid architecture evolve? QrpPG-@

CHANGING WHAT’S POSSIBLE

]
U COLLECT from Virtual Power Plants




Why HVDC vs HVAC in Cables and Lines? QrpPQ-@

CHANGING WHAT'S POSSIBLE

DC current

Credit:NKT AC current

= No skin effect

Resistance T 4/ | il = No proximity effect
s P | = = No dielectric |
‘) o ¥ o dielectric loss
= No harmonics

= No Stability
= Control Power Flow

 Whole conductor cross-section area
Proximity effect « Less Cu/Al forDC

DC
iE . [
Ve 26°

icharging = C — Power Transfer:

‘ Impedance plane
ESR
!
|
|
Vs 20

ESR
| Xc|

Dielectric loss tané =

with X >> R in Transmission Networks




CHANGING WHAT'S POSSIBLE

What is HVDC and Why is it an Important Solution CiCpPO-C

= Controlled bidirectional power flow = Remote renewable energy integration
Advantages of HYDC: = Release capacity on AC networks = Underground (cable) friendly
» Reduce cost of bulk renewable integration = Connect asynchronous grids




Why HVDC vs HVAC in Cables and Lines?

= 3X power transfer on same infrastructure
» 3x power transfer on same Right of Way

430 MW @
220 kV AC
(for PF=0.9)

https://www.eia.gov/analysis/studies/electricity/hvdctransmission/pdf/transmission.pdf, https://www.pnas.org/doi/epdf/10.1073/pnas.1905656116

+380 kV DC

Investment cost

54N < -
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} Break-even distance

Overhead lines: 250 ~ 400 miles
Cables: 15 ~ 35 miles AC line cost/Distance

DC line cost/Distance

_______________ DC terminal cost

(New) DC terminal cost as a result of program
----------------------------- AC terminal cost

Distance

Juan, P., Novoa., Mario, A., Rios. (2017). Conversion of HVAC Lines into HVDC in Transmission Expansion Planning. International Journal of Energy and Power Engineering



https://www.eia.gov/analysis/studies/electricity/hvdctransmission/pdf/transmission.pdf
https://www.pnas.org/doi/epdf/10.1073/pnas.1905656116

Materials/Cost Saving for Underground Cables Qrpa-e

Example for 345 kV, 2000 A cable transmission (1GW) per mile
Density - Cu: 8,960 kg/m3, Al: density 2,700 kg/m3; Current density — Cu: T A/mm?2, Al: 0.7 A/mm?

HVAC HVDC
Cu conductor Cu conductor
9.6 m3 1.4 m3
86 metric tons 12.2 metric tons
or or
Al conductor Al conductor
13.7 m3 2.4 m3
37 metric tons 6.4 metric tons

Savings:

Cu: 74 metric tons ($740k)/mile
Al: 31 metric tons ($76k)/mile

Credit: NKT


https://www.nkt.com/news-press-releases/nkt-cables-markets-the-world-s-most-powerful-underground-dc-cable-system-640kv
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U.S. Tx Lines 2345 kV AC may be Converted to HVDC T AL

Could enable 3x Power to be Moved
Instantaneously Around U.S. with

Vancaouver

SgLt! R
. S~ . Minimal New ROW* 345
_—
/ Ottawa 2
| Toronto >00
1 - - - \ 7 oV m—— I 3 on
1 . ——
P MO, Ao ork 735 AND ABOVE
s Denvér | L Pl-]ll elphia
g it e SERLGujs Qoton
Francidgo I DC
/, ml % Vd
Los MRaeles - AtYafta e---9 HVDCon
S existing ROW
- Ol HVDC new
Higswe h ROW
Monterrey MiSni
For 160 GW Offshore Wind, a $45B reduction in upgrades if
https://atlas.eia.gov/apps/electricity/explore HVDC MacroGrid is used!

*Red HVDC lines are illustrative only as an example Jim McCaIIey lowa-State |EEE PES-24


https://atlas.eia.gov/apps/electricity/explore

From HVDC Links to a Macro DC Grid

HVDC Converter Stations Configurations
Back-to-Back (in the same station) Macro Electronic Grid

= 2= N S S

Point-to-Point
Monopolar j>
~ DC + > - -
=N e N = o s 3 ) T

However, single

Qi b. e ()

CHANGING WHAT'S POSSIBLE

g,

Blpolar (the most common) vendor-based
DC +
and not fully
"‘“3‘ """"""""" ‘{* integrated in
grid!

Vendor-agnostic
Multi-terminal (3 or more terminals) and truly

a MacroGrid!
s[5} el el

| Load I




What is Missing (Technology and Skills Gaps)? QrpPQ-@

CHANGING WHAT'S POSSIBLE

= Fast Track Transmission Buildout by 2050
= Europe and Asia surpassed the U.S. with HVDC over a decade:
= Limited innovations in the HVDC technology — New topologies; HF
= MTDC converter cost (S0.2 - 1 billion/GW) — Plan reduction
= Air is electric isolation — New HV dielectrics > size reduction
= No Operations of DC Grid — Integrated AC & DC operations
= Transmission permitting takes decades — Use existing infrastructure



https://ieeexplore.ieee.org/document/8447766
https://cdn.misoenergy.org/20230531%20PAC%20Item%2011c%20Invenergy%20Presentation629020.pdf
https://www.gevernova.com/grid-solutions/products/brochures/powerd_vtf/hvdc-valves-brochure-en.pdf
https://new.abb.com/news/detail/12946/abb-wins-140-million-order-to-boost-integration-of-renewables-in-europe

DC Enables Fully Imperceptible Infrastructure QrpPa-@

CHANGING WHAT'S POSSIBLE

Right/of

i f‘l
! H
ay

525 kV Cable, >2 GW Can either repurpose existing
The whole conductor cross-section transmission (300 % capacity increase)
utilized or go underground:

Or utilize highway medians for cable
installation



https://www.pv-magazine-australia.com/2022/07/22/transgrid-delivers-235-million-powering-sydneys-future-project/

New Multi-Terminal HVDC Converter Station Design QrpG-e

CHANGING WHAT’S POSSIBLE

Example: , , _ ,
, , GE VSC HVDC Station design blueprint (N/A location)
Dysinger switchyard, Royalton, NY +525kV 2 x 2000 MW

345kv, 3700 MW
* i — s (=
= @»5 HA ! 1: e ) g o
‘ FB“' __________ 2
S e i
& =
= = =
] g f g 1
=l = i@
i = o E

n

>y -

%l He

——=530,000 m?

The 345-kV Empire State Transmission Line is now complete (power-grid.com) arpa-e.energy.gov/sites/default/files/Marek Furyk.pdf



https://www.power-grid.com/td/transmission/the-345-kv-empire-state-transmission-line-is-now-complete/
https://arpa-e.energy.gov/sites/default/files/Marek%20Furyk.pdf

Hybrid AC & DC Grid Operation ... timescales

Primary Response

Secondary Response

Tertiary Response

QrPRQG-e

CHANGING WHAT’S POSSIBLE

0.1

1sec / 1 min / 10 min 1 hr/ 1 day 1wk
| "4 BN 1 I T T I ol 1 I 1 11
e | I 4 : . |
| 1 / Energy Storage Application Space
+—{Govermor J— | | ¥/ “
'd'l'u'[ Auto Generation Control a /
Q{Emmmi:: Disput{:h] L
‘ ‘ Unit Commitment, Planning | —
! | | | | NN I! ] 1 1 1 | hhl ! ] | | | | | |
1.0 10.0 100.0 1,000.0 10,0000 100,000.0 1,000,000.0
Time (s)
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ACE: Area Control Error; AGC: Automatic Generation Control. Frequency/Active power control
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Conventional Synchronous Generator Structure

\.fh ::-;I )\.Q @

CHANGING WHAT'S POSSIBLE

(Hz
o Droop control
Gen 2  Load (current) sharing in proportion to generator’'s power
L N S , rating.
| Af i « Whole grid “communicates” on timescales of a few
f | seconds or even milliseconds to support transients with
ST | droop control
AP, :
) F Reactive power control
I FIL‘ P{pU.} I'];:-l:;um'l LI‘:_“ S:Inlp l]J:'IDI

Similar droop control can be
implemented in “grid-forming”
power converters interfacing
PV, Wind, ES, HVDC, etc... to
the AC grid.

Actlve power control

I"uh\ h.mj .]J p ].I'l md Iﬂ.,qux,nn reg ul.nmn
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Grid - Frequency Stability CipGe

Directly affected by generation-demand balance

A
System Contingency
Frequency Event

60 Hz Slope « System inertia

/

e Settling Frequency
< --------------- Frequency Nadir
TN ) D— R ---------- UFLS Threshold
.' : >
0si 5105 20-30's 5-10min - Time
- Primary ». Automated Generation Control (AGC) g

Frequency Ctrl i E 29



New Power Electronic Building Blocks for HUDC submodules ~ Si 1240 <

State of the art PEBB Featuring > 100% 100 times smaller
higher power density

capacitor
MMC PEBB with 4.5 kV IGBT P A E— P °
Modules x -P: x L :4- x :4- x X -P: X -P:
O— —
= Isolation = %L;
. uil . { O-L_
{ { | | { {
L x ->:L x ->:L OJ:d- x OJ:d- x J—L X ->:L X ->:L )
r / . - Bypass protection
Galvanic isolation § § <10 ps reaction
Capacitor or time
occupies 75-80% o | .
- y PEBB volume . | . Inductive,
“_F:I-O 30 - 50 kV PEBBs or capacitive,
-—-|}—§§—||-—- resonant, etc...
1, , Bypass protection . . Interface
/'y ->:L y Y ->:L >100+ HS =y
Example Technology Nyor=== S|
Takes hundreds of 4.5 kV %
PEBBs to get to 500 kV! Wil _~2==0or"y




New Multi-Terminal HVDC Converter Station Design

Trans Bay On-shore HVDC Station (2010)

Vo
Credit: T&D World
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VSC HVDC Stations SOA

System 1

HVDC Station

Underground/undersea
cable or overhead line

qplel Q

CHANGING WHAT'S POSSIBLE

Dolwin-3 Off-shore HVDC Station (2017) N

: Macro DC Grid — This does not exist yet!

1o}

————

£} ——

i

(COLLECT Program focus)

HVDC Station

System 2


https://www.tdworld.com/digital-innovations/hvdc/article/21119872/gaining-maximum-return-on-hvdc-systems-with-targeted-refurbishments
https://www.ge.com/news/taxonomy/term/9454

Multi-Terminal HVDC Converter Station De5|gn QrpPQ-Ce

CHANGING WHAT'S POSSIBLE

Converter Stations Deliverables:

Converter'Ha1I =

Critical Station Equipment Design

*, > _ = 3X smaller, modular substation design
o = T o L = |nsulation, capacitors, transformers,
Ttansformers L L SESER S filters, switchgear, converter design
- .o AC SwﬂW\ = 500 - 625 kV / 4 GW Multi-Vendor standard
AR SN = Availability > 99%

https://www.tennet.eu/projects/nordlink

Converter
“Valve” or 2%
Station Integration and Control Control Hardwarein ~ DC Breaker [
= Substation interaction with AC system: the Loop (C-HIL) ‘
= |ocal active/reactive power control i
= Blackstart and Grid-forming
= MacroGrid Integration:
= Bypass and bi/mono-pole operation Converter
= |ocal DC protection coordination Station

= DC power flow control integration

. : Signal-level emulation
= Multi-vendor operations




System-Level Operations of DC MacroGrid with AC Grid QrpQ-@

CHANGING WHAT'S POSSIBLE

iy Converter y Sub-System Model
MacroGrid Studies w station e - Category 1 O
> System protection 2 e Power Cell/ -,

L 1o Sub-module g :*:
» Power sharing 1N i | m .

> Novel A BT e L a TE{}_':/ 1N,

optimization or I .
reconfiguration b ﬁ}l tﬁ} Converter
> Multi-vendor 1 ~ s D\éaé"e l?r ol
coordination I % reaKer _L*:l_
.. with advanced system-level algorithms: L IZERRRR:
pidadadededeted
Example Viet5% L
Vbe Converter
Station
Voe-5%

112222222222227

\ Category 2 ; /

Time [s]

I
I
I
['!70 lu']g /\ 1



MTDC Studies for HUDC B et W

> CIGRE released 7 DC Grid Benchmark Models (BM):

1. HVDC grid model for the integration of large scale = "‘ RS »ﬁim_:[.)f ...... 8""‘{“1
onshore renewable generation v | S o .
2. +800 kV Line Commutated Converter (LCC) HVDC grid  — .. ; wos B0
model il SN — —chﬂ;; +
3. MTDC system model for integration of small onshore 0 e oy S
renewables A o e
4. HVDC grid model for offshore wind platform connection i e = MS =
5. LCC/VSC hybrid HVDC grid model - e .. ;
6. HVDC grid model for parallel interconnection of two AC ~ *® suous | ' g
power systems pa L5
7. Large comprehensive HVDC grid model T P e TaE0p  fon o
> BMs will enable comparative studies on stability, node & é_ _—r o }
interactions, and system benefits of various technologies I e TT o T Tl g
and control and protection strategies. ‘ o am 010
> Models published in: PSCAD, EMTP, DigSilent, RTDS and BM4: HVDC grid for offshore system
Opal-RT. integration wind generation and offshore
> New Tools are needed for EMT modeling and operations. platform loads

https://electra.cigre.org/311-august-2020/technical-brochures/dc-grid-benchmark-models-for-system-studies.htm| 34



https://electra.cigre.org/311-august-2020/technical-brochures/dc-grid-benchmark-models-for-system-studies.html

Can Al open the door? arpG-@

CHANGING WHAT'S POSSIBLE

2
@,«OO
O Today@ e,
& %,
b\d\ @\9
\/O(b
S 7
‘6&\0(\ ) R " / ' . .
o Anomal @ Clean electricity for all
*g\ef(\ Prediction
S ~
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New Uses [’
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https://usdoe-my.sharepoint.com/personal/johttps:/www.512aw.afrc.af.mil/News/Article-Display/Article/2597083/hurricane-preparedness-what-to-know-as-the-2021-season-begins/han_enslin_hq_doe_gov/Documents/Program%20Development/New%20Grid%20Programs/Presentations/CIGRE%20WIE%202024/AIA_energy_v8.pptx
https://windows10spotlight.com/images/30490

Summary of Skills Required bl ATA

= High power electronics and converter technology

= Integrated heat transfer and high voltage dielectric technology
= System modeling algorithms and tools

= High voltage, high power labs and testing expertise

= P-HIL and HPC software and hardware development

= ML hardware and algorithm development

= Role and challenges using Al?

= |Integrated systems operations

= Business models for the utility of the future tL?“

= Regulatory and energy policy development y

= Solar potential
™ Solar + Wind potential
= Wind potential

Multi-terminal HVDC
Converter stations




CHANGING WHAT’S POSSIBLE
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