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MVDC Use Case



• MVDC driven by growth of DC load and 

DER/Storage integration

• The objective is to evaluate impact of 
MVDC technologies in distribution grid 

applications 

• Develop use cases and scenarios 

• Provide metrics 

Project Summary
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MV Power Electronic Projects Implemented in Asia/Europe

“Review of MVDC Applications, Technologies, and Future Prospects”, Sophie Coffey, Energies, 2015
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The Numbers
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Technical Approach

• Use fundamental advantages of MVDC and identify scenarios in 

distribution grid where such a technology can be beneficial

• Use simulation platform to verify the use cases.
• Interconnection of AC distribution systems

• Supplying power for remote areas

• DC load integration

• Integration of DER and energy storage

• Higher stability provided by DC systems

“Over the same cable, 1.57-1.88 x power can be transferred with DC compared to AC”

“In a system with predominant DC source and predominant DC load, implementing DC 
distribution may reduce conversion loss and also simplify integration issues”

 CIGRE  WG C6/B4.37 “Medium Voltage DC Distribution Systems”
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Accomplishments: Capacity Expansion Use Case

• Use case: Can MVDC be used 
for interconnection of AC 
systems and aid in capacity 
expansion while deferring 
infrastructure 
(feeder/transformer) 
development ?

• Model: Considered a typical 
CIGRE feeder model for  North 
American distribution network

• Simulation Software: 
Implemented in PSCAD

Ref: Benchmark Systems for Network Integration of Renewable and Distributed Energy Resource, C6.04, Apr. 2014 

• Feeder1: 15 MVA 
transformer

• Feeder2: 12 MVA 
transformer

• Feeders 1 and 2 can be 
connected by closing S1



Accomplishments: Capacity Expansion Use Case

Scenario 1: Feeders Disconnected

• Loading -  TR1: 14.1 MVA, TR2: 8.4 MVA

• Feeder-2 is lightly loaded

• Feeder 1 is 94% loaded while Feeder 2 is 70% 
loaded

Scenario 2: Feeders Connected by closing S1

• Loading - TR1: 13.7 MVA, TR2: 8.8 MVA

• 0.45 MW power flows from Feeder-2 to 
Feeder-1

• Interconnecting the feeders passively will 
not aid heavily loaded feeder

Can a heavily loaded feeder be supported by from lightly loaded feeder?
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Accomplishments: Capacity Expansion Use Case

Scenario 3: A new load of 5MVA, 0.85 pf at 
Bus 8 in Feeder 1 through an OHL of length 3 
miles

• Not enough power flow from Feeder 2 to 

Feeder 1, resulting in Transformer 1 being 

overloaded

Load expansion cannot be handled with the existing infrastructure (TR1 and Feeder1 upgrade)

Passive Interconnection of feeders
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Accomplishments: Capacity Expansion Use Case

Scenario 4: 5 MVA power flow controller 
(back-to-back converter)  between buses 8 
and 14

• Q is supplied by power flow controller to 
improve the voltage profile as per IEEE 
1547 requirements

• 3.70 MW of active power is transferred 
through the dc link from Feeder-2 to 
Feeder-1

• 1.27 MVAR of Reactive power is supplied 
to Feeder-2

• Possible to cater the load expansion
With power flow control, more power is transferred from 

lightly loaded Feeder 2 to heavily loaded Feeder 1 , 
thereby serving new additional load on Feeder 1

Interconnection of feeders with active control
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Accomplishments: Capacity Expansion Use Case

Bus 14Bus 8 13 kV AC

MVAC solution Based on Back-To-Back 480 V Converter

Bus 14Bus 8
20 kV DC

MVDC solution Based on Cascaded 
H-Bridge Converter with HF Isolation 

• MVAC line with fractionally-rated power 
electronics

– May not be feasible if the control range required is large 
(example: long interconnecting line or feeders supplied 
from different transmission lines)

• MVAC line with  Back-to-back low voltage power 
electronics (1000-1500 V DC bus) 

– Interconnecting feeder needs an upgrade if it is not rated 
for handling additional power 

• MV power electronics with MVDC 
interconnecting line

– 60-80% additional power can be transferred over the same 
line compared to MVAC solution which means 
interconnecting feeder upgrade can be deferred

Approaches to implement power flow control
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Accomplishments: Capacity Expansion Use Case

Comparison of MVAC with LV PE and MVDC solution

BTB Converter with MVAC Distribution MVDC Distribution with MMC MVDC Distribution with CHB

Cost points and Targets

Commercial solution: $120-$150/KVA Cost point not available at MVDC level BOM Target for MVDC solution to be cost 
comparable to MVAC solution: 
$100/kVA

BOM Comparison (semiconductors, capacitors and transformers only)

SiC based solution: $30-$40/kVA
IGBT based solution: $20-$30/kVA

IGBT based solution: $35-45/kVA MV SiC solution: $40-$50/kVA
Not a significant cost increase 
compared to LV power electronics

Other Factors

Protection: Well understood with MVAC 
breakers and fuses

Protection: Well understood with MVAC 
breakers and fuses

AC side protection (solid state circuit 
breaker) cost unknown

Standard 60 Hz transformers Standard 60 Hz transformers Reliability of HF magnetics at MV

Capacitor requirement: Low Capacitor requirement - High Capacitor requirement: Medium but can 
be further reduced

Commercially available Commercially available Solution at research level 

MV power electronics is cost comparable with LV power electronics – driven by lowering cost of 3.3 kV SiC MOSFETs. 
Complexity, protection, and reliability are still an issue to be addressed 
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Accomplishments: Remote DER Integration Use Case

• A PV generation of 5 MW is 
connected to the network through 
a 15-mile OHL

• 5 MW is the upper limit of DER 
connected at distribution grid level 
– ex. community solar.

• Q is supplied by PV inverter to 
improve the voltage profile as per 
IEEE 1547 requirements

• With variation in solar irradiance, P 
changes, resulting in 
unacceptable fluctuations in load 
bus voltages

• The magnitude of voltage 
variation depends on DER size, line 
length, and feeder size – to be 
studied.

PV Active Power (MW)

PV node voltage (pu)

Feeder voltages (pu)

Voltage fluctuations  of 0.06 pu with voltage 
dropping to 10% below nominal voltage

Results for PV plant connected to distribution feeder over a long line
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Accomplishments: Remote DER Integration Use Case

Voltage fluctuations as PV output changes

• Converting the PV-Grid 
interconnecting line from 
MVAC to MVDC negates the 
need for line impedance 
compensation

• Voltage fluctuations reduced 
from 0.06 pu to 0.02 pu

• The cost of conversion to 
MVDC needs to be 
considered.

• The additional cost of MVDC 
conversion may be justified if 
combined with other 
advantages.

PV Active Power (MW)

Voltage fluctuations  of 0.02 
pu as PV output changes

Results for PV connected to distribution feeder over a long line using MVDC
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Accomplishments: Remote DER Integration Use Case

• Storage is typically coupled with PV for a firm source

• Resiliency with storage sited close to load: Battery 
storage at N14 on MVDC line improves the power 
availability in case of loss of MVDC line 

• The increase in cost with MVDC conversion may be 
justified with increase in resiliency

• Again, MVDC is straightforward if an overhead AC 
line cannot be built. If underground cable is 
considered, 

– about 40% smaller cable is required with MVDC compared to 
MVAC

– MVAC has capacitive current issues especially at long lines

• Similar argument can be made for remote load 
connections

AC network, 115kV

TR2

N12

2.5 miles

N13

1-φ (B) 

115kV/12.47kV
12 MVA

1-φ (A) 

N14

1-φ (C) 

5 miles

Feeder-2
(Rural)

PV5 MVA

dc
dc

dc
ac

20 kV DC
 bus

1 kV/ 2 kV dc

15 miles

dc
dc

Battery

Remove PV interconnection with storage sited close 
to load center to improve resiliency



Accomplishments: Summary

• Capacity expansion through interconnection of feeders 
with MVDC helps defer infrastructure (transformer, feeder) 
build

• Remote source/load integration though MVDC may be 
beneficial with reduced reactive power compensation 
requirement

• In addition, by enabling the option of siting storage close to 
the load center, resiliency can be improved

• MVDC has typically been used in cases where there is no 
other choice, ex. an existing AC line cannot be upgraded

• MVDC may appear more attractive if it can meet more 
than one of the following typical advantages
• Interconnection of AC systems
• DC source/load integration
• Resiliency improvement
• Remote source/load interconnection

• Future cases will evaluate if the same multi-terminal MVDC 
system with multiple DC sources and loads
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Future test case: Multi-terminal MVDC system 



• Milestone update

• Summarize the risks and mitigation strategy
• NA

Timeline

Q1 Q2 Q3 Q4 Status

Use case 1 development: 

Capacity expansion use case

Completed

Use case2 development: Remote 

source integration

Completed

Use case3 development In-progress

Metrics development In-progress
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Acronyms
 

DER: Distributed Energy Resources

MVDC: Medium voltage DC

MV: Medium Voltage
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Accomplishments: Capacity Expansion Use Case

Bus 14Bus 8
20 kV DC

Bus 14Bus 8 13 kV AC

Approaches to implement power flow control

BTB Converter with MVAC Distribution MVDC Distribution w/ Converter At Each End

Comparison method 1 (Including everything)

Commercial solution: $140/KVA
• PV central converter $50/KVA, Transformers @$20/KVA, Two transformers and 

converters

BOM Target : $100/kVA

Comparison method 2 (semiconductors and transformers only)

Total SiC based solution: $174k ($35/kVA)

Total IGBT based solution: $125k ($25/kVA)

Total MV SiC solution: $225k ($45/kVA)

Semiconductor cost (SiC) = 6*4440*2.5 = $67k 
Remove numbers
Semiconductor cost (IGBT) = 6*6000*0.5 = $18k 
• 1100 V DC Bus, 1700 V MOSFET modules, 6 HB modules rated at 4440 A
• 1700 V SiC HB modules: 2-3 $/A
• 1200 V IGBT: $0.5 /A

Semiconductor VA = 60 *222*4 +120*166*4 = $132k
• 2000 V DC Bus – 5 modules stacked in series
• 60 HB modules rated at 222 A, 120 HB modules rated at 166 A
• 3300 V SiC HB modules: 4 $/A

Capacitors = (50000/500)*65 = = $6.5k • Capacitors: 5*3*2*(11000/500)*65 = $43k

60 Hz Transformer cost @ 20$/KVA: $100k MF Transformer cost @ 5$/KVA: $50k

MVAC solution Based on Back-To-Back 480 V Converter MVDC solution Based on Cascaded H-Bridge Converter 

MV power electronics is cost comparable with LV power electronics – driven by lowering cost of 3.3 kV SiC MOSFETs. 



Accomplishments: Capacity Expansion Use Case

Bus 14Bus 8
20 kV DC

Bus 14Bus 8 13 kV AC

Approaches to implement power flow control

BTB Converter with MVAC Distribution MMC

Comparison method 1 (Including everything)

Commercial solution: $140/KVA
• PV central converter $50/KVA, Transformers @$20/KVA, Two transformers and 

converters

Comparison method 2 (semiconductors and transformers only)

Total SiC based solution: $174k ($35/kVA)

Total IGBT based solution: $125k ($25/kVA)

Total MV Si solution: $196k ($39/kVA)

Semiconductor cost (SiC) = 6*4440*2.5 = $67k 
Remove numbers
Semiconductor cost (IGBT) = 6*6000*0.5 = $18k 
• 1100 V DC Bus, 1700 V MOSFET modules, 6 HB modules rated at 4440 A
• 1700 V SiC HB modules: 2-3 $/A
• 1200 V IGBT: $0.5 /A

Semiconductor VA = 24*12*135*0.75 = $29k
• 1000 V DC Bus
• 1700 V IGBT: $0.75/A

• Capacitors = (50000/500)*65 = = $6.5k • Capacitors = 24*12*(1800/500)*65= $67k

60 Hz Transformer cost @ 20$/KVA: $100k 60 Hz Transformer cost @ 20$/KVA: $100k

MVAC solution Based on Back-To-Back 480 V Converter MVDC solution Based on Cascaded H-Bridge Converter 

MV power electronics is cost comparable with LV power electronics – driven by lowering cost of 3.3 kV SiC MOSFETs. 



Accomplishments: Capacity Expansion Use Case 
Summary

• Capacity expansion through 
interconnection of feeders helps defer 
infrastructure build

• MVDC seems to be cost comparable to 
MVAC solution in the case of Capacity 
expansion.

• Protection and reliability of MVDC based 
solution have to be addressed.

• The MVDC approach is straightforward if
• A new AC line cannot be built
• An existing AC line can not be 

upgraded
• Miles of interconnection line 

AC network, 115kV

Feeder-1

Feeder-2

115kV/
12.47kV
15 MVA

115kV/
12.47kV
12 MVA

Bus8 Bus 14
20 kV DC

Feeder-2

Interconnection of AC systems using MVDC



Accomplishments: Capacity Expansion Use Case 
Summary

• MMCs are usually considered above 10 
kV
• scalability 

• voltage balancing across switches,

• reduced harmonics, 

• lower switching frequencies 

• improved fault ride through capability

• and active redundancy

• cost that is introduced by sub-module redundancy 

• Significant losses in the full-bridge (FB) configuration

• Typically, HB at MVDC

• FB has better fault blocking capability

https://ieeexplore.ieee.org/st
amp/stamp.jsp?tp=&arnumb
er=9321748



Accomplishments: Capacity Expansion Use Case 
Summary

Pierre Le Métayer “Break-even distance for MVDC electricity networks according to power loss criteria” 

• Standard MVAC v/s MVDC transmission crossover point is <10 km @10 kV, from loss point of 
view.

• However, in the current use case power electronics is present in both MVAC and MVDC

• MVDC will always be efficient compared to MVAC in case of capacity expansion through 
interconnection of feeders.



Accomplishments: Capacity Expansion Use Case 
Summary

https://www.powerandcables.com/wp-

content/uploads/2016/12/Nexans-6-33kV-Medium-High-

Voltage-Underground-Power-Cables.pdf

• Underground cables have charging current 
issue.

• Charging current is 1 A/mile for a 270 A cable
• In 13 kV class systems, additional compensation 

to address capacitive charging current is an 
issue only above 25 miles

• For a 35 kV line, the compensation goes higher 
than 10% at 10 miles – a bigger issue at sub 
transmission lines

• However, the impact of inrush current to charge 
the capacitance on the breakers must be 
considered.
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Accomplishments: Capacity Expansion Use Case

Bus 14Bus 8
20 kV DC

Bus 14Bus 8 13 kV AC

Comparison of MVAC with LV PE and MVDC solution

BTB Converter with MVAC Distribution MVDC Distribution w/ Converter At Each End

Comparison method 1 (Including everything)

Commercial solution: $140/KVA
• PV central converter $50/KVA, Transformers @$20/KVA, Two transformers and converters

BOM Target for MVDC solution to be cost comparable to 
MVAC solution: $100/kVA

Comparison method 2 (semiconductors, capacitors and transformers only)

Total SiC based solution: $174k ($35/kVA)
Total IGBT based solution: $125k ($25/kVA)

Total MV SiC solution: $225k ($45/kVA)
Not a significant cost increase compared to LV power 
electronics

Other Factors

Protection: Well understood with MVAC breakers and fuses AC side protection (solid state circuit breaker) cost unknown

Standard 60 Hz transformers Reliability of HF magnetics at medium voltage 

Commercially available Solution at research level 

MVAC solution Based on Back-To-Back 480 V Converter MVDC solution Based on Cascaded H-Bridge Converter 
with HF Isolation 

MV power electronics is cost comparable with LV power electronics – driven by lowering cost of 3.3 kV SiC MOSFETs. 
Complexity, protection, and reliability are still an issue to be addressed 
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