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Term of “Flexibility” is commonly used as an umbrella covering various needs and aspects of
power systems operation and planning
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How to measure power system’s flexibility needs? HITACHI

Net load ramp rates

Net load (NL) is calculated by subtracting the available generation by
variable renewable energy sources’ (VRES) from the total load of power

system.

NL = Total load — VRES generation

Net load ramp (NLR) refers to the rate at which the NL changes over time.
It reflects how quickly the system needs to adjust to changes in electricity
supply-demand balance.

NLR =

dt

Usually, NLR is calculated on the hourly base, i.e., dt=1h. Increasing time
resolution to a 15-min or less time scale may potentially result in higher
ramping rate peaks.

Analyzing NL and NLR trends over time can help to identify and prepare
for specific periods where power systems may have higher flexibility
needs.
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How to measure power system’s flexibility needs? ],';'Jl‘?;,?,';!,!f

Flexible power and energy
VRES supply, demand and net demand in Germany

Two important characteristics of the net load to be served are the power
P P Example of hypothetical 100% VRES supply case by 2040

and energy requirements which must be met by flexible generation,
storage, demand and/or power exchange.

160 160
The required power (P) is defined as the absolute maximum value of the 140 140
NL profile over a specific period. 120 120
£ 100 = 100

S, S,
« 80 < 80

P,., = max|NL(t £ g
req | ( )l 3 60 § 60
40 40
The required energy (E) is defined as the area under the net load curve. 20 20
The limits are commonly defined when the NL curve crosses the zero line. 0 0

If this is not the case, the limits have to be defined according to the
custom requirements of the study:. _ o
5 50 -515 GWh g 50
g2 25 > 25
£ 0 § 0
E..,= NL(t) - dt 2 25 3 25
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How to measure power system’s flexibility needs? Inspire the Next
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The Cross-Border Capacity Ratio (CBR) describes the ratio between the

total interconnection capacity of a country with all its neighbors and the 5 km TIIN\ 2
local power generation installed capacity. . —\m s\ E
CBR = Interconnection Capacity German L:iw .
Installed Generation Capacity ?atgracc?tf;“ect@” o / 5 ] “
~33GW N e @
It identifies the capability of a country to export excess generation, when of which 4 GW [ By
the VRES production exceeds the local demand. The EU has set an 's HVDC (12%) ] ,é[ R )
interconnection target of at least 15% by 2030 to encourage EU countries = .@ﬁ e | A
to interconnect their installed electricity production capacity. -/ P ) w T8 w /im
Future grid operation will require the ability to control the power flows e =5 e
between different countries, requiring the deployment and use of HVDC
links or FACTS devices in the cross-border connections. The Level of Cross-Border Capacity Ratio in Europe, 2023
Controllability (LC) can be defined as the ratio between controllable and 80%
total interconnection capacity. 60%
40%
_ Controllable Interconnection Capacity o0y  EU'S 15% tergetby 2030
B Total Interconnection Capacity . ""-" _____ - ______ - _____ . _____ . _____ B

Spain ltaly Germany France Portugal  Switzerland
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The grid of the future demands flexible and controllable energy flows
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Power conversation systems will interface all new assets with

Converters EHE|
the grid, enabling energy system stability and flexibility

Fossil dependable power generation plays a crucial role for
grid stability while renewable power emerges

The complexity of the grid of the future will be managed by power electronics and digital technologies
®Hitachi Energy
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Complementarity in weather patterns encourage transmission ],';'Jlﬁ?]'\,'!,!i

Are low output events happening at the same time? How often do low VRES output events occur?
Wind patterns across Europe do not follow one same pattern. Germany may have a The prolonged low VRES output events e.g., Af‘?erag/%aE%"“ameq“e"Cy
certain correlation with its neighbors, but most of the European countries do not show Dunkelflaute in Germany, are present on an O CUIHHEQV e
a correlation with the wind profile from Germany. This means that there may be annual basis mainly in the late fall and winter ol
available wind resources when in Germany they are low. season between November and February. e 14.7 TWh
Germany will not always be complemented by the same country in periods of time Assuming an output lower than 15% of the
when there is little VRES output, e.g., while in 2018 Spain could complement daily electricity consumption is enough to S
Germany, in 2019 Hungary would be a better option. detect low VRES output events that can last 8
up to 7 days. =
Dunkelflaute periods in Germany
2018 2019 —oe ’
0.8 08 —ES %
— GB 0
g 0.6 / 2 o6 —HU 2 3 4 5 6 7
H 3 Days Limit
g 0.4 g 0.4
= s = s \d[ Frequency of low V-RES output events in Germany
s Assuming an output lower than 20% of the daily electricity consumption over at least 3 days

0 0
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Correlation of onshore wind profile of Germany with other European countries .
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3
SI HR GR PT BG MK ES IT FI RO NO HU EE SK IE AT LV SE GB LT CH FR DK BE PL CZ NL DE 4
Comparison country
0 0

2015 2016 2017 2018 2019 2020 2021 2022 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Year Month

o

Frequency
Frequency
e D

N

0 0.2 04 06 0.8

-

Internal - -
7 © 2023 Hitachi Energy. All rights reserved. Source: Renewables Ninja (Reanalysis), Energy Charts Germany (Historical) @ HltaChl Energy



Dynamically controlled T grids enable more flexible operation

When the optimal investment decisions are implemented, Germany can take advantage
of electricity imports from other European countries.

If the investment in grid expansion is not allowed, the required investment in other
technologies would increase.

200 GW Supply-demand balance in Germany, 2040
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Required additional investments when no grid expansion is possible
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With enough interconnection capacity, the complementarity between the VRES

resources across Europe can be fully exploited.

Onshore Wind Power Capacity Factor (5-day period)

2

21%

®Hitachi Energy



HITACHI

Dynamically controlled D grids enable more flexible operation Inspire the Next

Paradigm shift towards more interconnected D grids Bamstaple 132/33 kV Taunton 132/33 kV
substation substation

Urbanization and electrification of transport and thermal loads result in a
significant increase of electricity demand at the edge of the grid.
At the same time, in an increasing number of cases the distribution grid 33 kV 1] Other circuits | ¢ ¢ 3B kV
reinforcement options are either prohibitively expensive or it takes multiple o
years to plan and construct. < "—’—® ‘;{? Barnstaple
Applying DC technology in distribution networks allows full control of < & Pt \...ﬂ... o
power flows and optimized voltage system settings to unlock additional South Molton Exebridge St
network capacity of existing grids. SYILEY 31N \
There are several cases where MVDC technologies are proposed to use \% = y
as back-to-back flexible bi-directional power flow controller between the - Solar é Taunton
adjacent distribution grid clusters with a complementary structure which Wind PV FPL _
would normally run isolated from each other. @< =T} ExehCRe
For example, the Flexible Power Link (FPL) installed in a 33-kV grid of Q T Q
Western Power Distribution in UK and allowed up to 20 MW power Ut 4 | [~ ~1 | 4 vz
exchange between two distribution grids supplied by different HV grid ai 1 Qz

. f1 = = v f2
supply points.

< >
< »

Dynamically controlled distribution grids by means of power electronics allow a better balancing and utilization of existing infrastructure
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Transformer in

Paradigm shift towards more interconnected D grids i St
enclosure
Urbanization and electrification of transport and thermal loads result in a e .
. e . e . ransformer cooler
significant increase of electricity demand at the edge of the grid. container Harmonic filters

At the same time, in an increasing number of cases the distribution grid
reinforcement options are either prohibitively expensive or it takes multiple
years to plan and construct.

Applying DC technology in distribution networks allows full control of
power flows and optimized voltage system settings to unlock additional
network capacity of existing grids.

There are several cases where MVDC technologies are proposed to use
as back-to-back flexible bi-directional power flow controller between the
adjacent distribution grid clusters with a complementary structure which
would normally run isolated from each other.

For example, the Flexible Power Link (FPL) installed in a 33-kV grid of
Western Power Distribution in UK and allowed up to 20 MW power
exchange between two distribution grids supplied by different HV grid
supply points.

Converter heat exchanger

Dynamically controlled distribution grids by means of power electronics allow a better balancing and utilization of existing infrastructure
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The role of demand flexibility HITACHI
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Required additional investments variation when demand flexibility is allowed

Demand flexibility allows to shift electrical demand to hours where the electricity = 100% p
generation is cheaper due to a higher availability of renewable generation. é 80% 17%
All energy sectors can contribute to demand flexibility: smart charging of EV, thermal 8 60%
loads as heat pumps and industry processes that can be easily controlled. § 40% 60%
In the sensitivity analysis, demand flexibility is enabled, allowing a shifting of up to 10% z 20%
of the instantaneous electricity demand in a range of £12 hours. 0%
Batteries Solar PV Transmission Electrolyzer Cost

Base case, Europe 2040 Sensitivity case
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Battery storage .PHS Curtailment solar Curtailment wind onshore == Electricity demand ==Electricity demand + P2G = 0Id electricity demand
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Combined T&D capacity expansion planning HITACHI
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Per Zone
TSOS and DSOs plan their grids All zones in HV Network Wholesale Prices Distributed Energy Resources Model (DERM)
independently . . 1 ,.  Retail Price .

Transmission Expansion Planning Modal Min. OPEX + CAPEX (consumer)

Simultaneous optimization of all Min. OPEX + CAPEX (system operator) Surcharges — s.t. Consumer Load Balance
voltage levels is computationally e m— Grid Coute ESS,DGs %
complex = Introduced iterative, two- Line Flow -
level optimization framework AT RAteS, E5S . 55

Concession Fees 100

80

Level 1: Wholesale energy market

model for transmission system E/i\i% i; 60
expansion planning 5 %
, , § s =
Level 2: Retail market model which Ty 4 - § °
considers distribution grid expansion ¥ © l][]ﬂ Net-Loads o
planning under DER penetration, and -
development Of retall eleCtr'C'ty prlce 012345678 91011121314151617181920212223

Hour

parallel to Level 1 timeline

2020 2025 w2030 2035 emm—?Q40 e—?045

Roof-top solar PV and battery
adoption is modelled to be
proportional to their economic benefit

Use OPF to assess distribution grid
capacity expansion costs under high
DER scenarios
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Key take away messages HITACHI
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Why do power — Power systems have always needed flexibility to balance varying demand and to deal with
@ systems need unexpected failures
flexibility? — Rapid growth of variable renewables and electrification of demand call for more flexible 1

power system

'———'m_l-lﬁ

How to measure | — Flexibility is the ability of power systems to cope with variability and uncertainty over all
g power system’s relevant timeframes
flexibility needs? g — Flexibility requirements can be quantified in terms of net load dynamics and spatial

distribution of flexibility sources

— Future net-zero energy systems will need to harness flexibility across all levels

— Dynamically controlled T&D power grids will play increasingly important role in facilitating
more flexible operation of the entire power system
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