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Local processing
-Measurement data
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-System supervision
-System control
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Overall objectives CENELEC

SGAM

v Investigate use of LVDC technology and its intelligent
functionalities as a platform for flexibility services

v Determine flexibility services oriented functional and
operational requirements for converters and embedded
ICT of LVDC microgrids

v" Demonstrate implementation and operation of pivotal
flexibility supporting functionalities by using research
platforms

v Develop and verify technical solutions enabling feasible
realization of LVDC microgrids and exploitation of their
flexible resources

v" Study role of LVDC-enabled flexibility supporting
functionalities on ancillary services markets
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Research questions by layers
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Flexibility services in systems engineering of LVDC microgrids
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Role of ICT in LVDC microgrids development
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applications t
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are needed to support deployment

v~ What are the main functionalities that a
uGrid management system is required
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supervision and control solution.

Converter design

Architecture of the LVDC ICT system presenting the

Prototype of DC/DC converter module with galvanic separation and
DC/AC converter module for customer-end inversion (3 kW)

Research topics

v’ State-of-the-Art technologies for improving energy and cost efficiency

v' Development of methodos for optimal design

v’ Life-cycle cost analysis of versatile converter topologies for different purposes
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Impact of switching frequency, rated power and output voltage on life-cycle costs of dual active bridge (DAB) DC/DC converter
module with galvanic Separation. (A.Mattsson et Al., Evaluation of Isolated Converter Topologies for Low Voltage DC Distribution, Paper accepted for publication in IECON 2015)
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Solution Architect for Global
Bioeconomy & Cleantech Opportunities

Local processing
-external control signals
-local measurement data
-storage and generation capacity
-load group control
-Protection functions

Demonstration — LVVDC connected
BESS as frequency controlled resource

Demonstration of the implementation and application of the
Frequency Containment Reserve for Normal operation (FCR-N)
functionality in control system of the centralized, directly connected
battery energy storage system (BESS) in the LVDC pilot network of

Suur-Savon Sahko Oy.
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FCR-N control In operation
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Results from a test run. Measured frequency, total BESS power and

SOC of the battery units.
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Functionalities of an LVDC microgrid — Basis for providing ancillary services for

different market players

Functionalities

Intended islanding

Reactive power control Current quality measurement

Active power control

Technology

current control

Remote oscilloscpe

voltage control
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Data
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Adaptive architecture
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Restrictions on the rate of change of power
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BESS response to frequency changes

Challenges due to existing equipment

v

v

Resolution of the DC voltage control of the
commercial grid-tie converter insufficient
Too slow M2M data transfer rates

Key research questions

v

v

Fault locating

Ambient temperature

measurement

Equipment fingerprinting

Voltage quality measurement

Generation control

Prosumer,
consumer

Multi-objective optimisation of the usage of the
battery capacity

Real-time adaptive control of the BESS, and
short-term predictive SOC optimisation
Optimal sizing of BESS for power system
interconnected LVDC microgrids

Interactions between different controls and
system specific (BESS in LVDC network)
constrains

Results so far...
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LVDC In Providing Ancillary Services for
Electricity Markets and Power System
Man ag ement LUT LVDC Research Team

Tero Kalpia

The control ablilities of the active converters and the embedded ICT system of the
LVDC distribution system enable exploitation of the local flexible resources to
offer anclillary services for all the market players RO mam et e

Power system and Local distribution
energy markets
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Main outcomes
— Redefinition of the ancillary services concept in Example of ancillary services available for DSOs
electricity markets | _ Inherent DC
— Use-case definitions for several LVDC enabled A”C";Z‘:VDSS%V'CGS Used functionalities functionality
ancillary services
— Development of the LVDC system architecture from Reactive power — Rectifier reactive power control v
the ancillary services perspective balance management
— Rough estimation of the power-system-wide Voltage control — Rectifier reactive power control v
significance of LVDC as an enabler of flexibility — DC-connected storage control Y
- Demand control ICT v
Further research topics Power flow — DC-connected storage control v y
- Comparison of the costs of flexibility between management _ pemand contro. Sower control T
traditional AC and hybrid AC-DC networks ; - . y
_ : - - - Equipment condition — Converter condition monitoring
Determination of the value of difierent services for management _ Earth leakage monitoring ,
the market players on microgrid internal and external — Protection device monitoring v
markets — LV cable condition monitoring (v)
. _ it itor cT v
- Development of the electricity market models to MV cable condition monitoring
enable efficient exploitation of microgrids and Interruption / fault — Fault locating in LV network v
neluded management - Fault locating in MV network ICT v
mCL_J e r_esources | — Automatic LV reconfiguration v
— Optimisation of the allocation of the resources - Communications gateway for v
between markets automatic MV reconfiguration
. - Island operation ICT v
- Development of the market-oriented control P
algorithms for LVDC microgrids and for hybrid AC-
Installed BESS capacity Market-oriented control Capacity usage

DC microgrids )
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PV SOLAR

Microgrid as an active enabler for energy
SySte m fI EXI b I I I ty I:L%ggggnta University of Technology

Growing role of weather dependent renewable generation and the pursuit of weather independent
power delivery are leading to increasing need of regulating capacity and network investments. Major
part of the renewable generation capacity will be connected via building installations into the low-
voltage networks next to the loads and consumer-end energy storages. At the same time the distribution
companies are boosting the performance of the networks by increasing automation and considering
Implementation of new network technologies, such as, the low-voltage DC distribution. Consequently,
the basic energy resources and infrastructure for realising microgrids are becoming inherently available,
and thus, they are one of the key building blocks of the flexible and resilient energy system.
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Results o Scalable architecture
— Concept and preliminary market —  Household scale

design - - Blockscale
- Definition of available ancillary services o -~ Neighbourhood scale

based on inherent technical functionalities A concept of uGrid having automated internal power exchange markets that
— Demonstration of technical key functionalities are interfaced with respective external markets

— Independent Off-g rld Ope ratlon Installed BESS capacity Market-oriented control Capacity usage

— use of community battery as resource for FCR-N
— MV network reactive power compensation
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Further research topics
— Electricity market models

— Internal power exchange markets mf/v

- Integration with external markets wesrvenroRecasts_7 g

—  Grid operating business " LoAD FoRecASTS
— Development of the market-oriented control algorithms Demonstration of using community BESS as resource for power system

— Allocation of the resources between markets frequency control (FCR-N)

—  Optimal of microgrid operation

— Transmission and distribution system operation service e Cost effectivity
— Value of flexibility provided through microgrids Ancilary ol el

— Consumer perspective System

. . i e Firmwar Safet
- Business perspective A tunctonaitcs [N O

— Soclo-economic perspective i . B OnoSven Vechanica
— Knowledge and technology to enable the change IS . Control " gy 12 dardisatior
— Simulation models for studying market and grid impacts o el T
- Methods for market forecasting T —
— Methods for system and network planning Ty Ty interfaces Reliability
— Interaction between forms of energy: heat-electricity- |
cooling Flexibility services in microgrid systems engineering
L E Solution Architect for Global Microgrid:
E I Bioeconomy & Cleantech Opportunities A Sma”'S_Cale power system that_can |
_ operate independently or in conjunction
FLEXe Result Seminar 31.10.2016 with the interconnected main grid
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