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SUMMARY

The share of wind and solar power has been growing very rapidly in many
countries due to renewable energy dissemination policies and falling
technology costs. However, as the share of renewable energy is increasing,
the intermittent characteristic of renewable energy is increasing, making it
difficult to maintain the balance of power supply and demand.

The operator of the power system must control the variation in renewable
energy generation through the operation of the power supply facilities for
balance of power system. Frequent power fluctuations due to an increased
share of renewable energy can put a lot of pressure on the power system,
and the flexibility of existing supply facilities in the power system alone may
not control the variation in renewable energy. If there is a situation in which
the existing supply facilities in the power system cannot cope with
fluctuations in renewable energy due to lack of flexible resources, the power
system operator often resort to curtailment of renewable energy. However
curtailment reduces the capacity factor of solar and wind power and thus
negatively affect both their economic attractiveness and system benefits.

From this perspective, this thesis analyzes flexibility requirements in power
systems based on the analysis of characteristics of short-cycle and long—cycle

variation of net load through discrete Fourier transformations.
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Table 1. Resources of power system flexibility

Category Resources

Flexible conventional units

Physical flexibility
Energy storage system

Market design improvement

New ancillary services

Structural flexibility (Load following, Inertia response)

Sectoral integration

Demand side flexibility utilization

Grid interconnection and grid side

flexibilit
Physical & Structural flexibility ex1bIty

Greater control over VERs

Smart grid initiative
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Table 2. Flexibility resources categorized based on service duration

Duration Servics Example of technologies
Flywheels,
Very short : . . 4 .
. Power quality, regulation DSM(Demand side
1 ms=5 min
management)

Spinning reserve

Short :

contingency reserve

5 min—-1 hour

black start

Flow batteries, DSM
PHES(Pumped Hydro
Energy System)

Load following,

Intermediate :

load leveling/peak
shaving/valley filling,

CAES(Compressed Air
Energy Storag)

1h -3 d transmission curtailment
ourts day . . PHES, DSM
prevention
transmission loss reduction
Long : months Seasonal shifting CAES, PHES
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Load and VRES time
series

Build the system net
load curve

Separate the short and long cycle parts of
the signal

Evaluate flexibility requirements on each part of the

signal
Short cycle flexibility Long cycle flexibility
requirement requirement
(power and energy) (power and energy)

Fig. 3 General overview of the analysis of flexibility requirements
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Fig. 9 Flexibility requirements for short cycle in 2025

Table 5. Percentile of flexibility requirements for short cycle in 2025

PowerlMW] Energy[MWh]
Percentile
75th | 90th | 9%th | 9th Tth Nth %th Pth
Positive |05 205 33 506 366 439 1 570
AZsF
Negative | 6 415 549 375 458 504 601
(A&2=1])
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Table 6. Percentile of flexibility requirements for short cycle in different seasons

. ' Power[MW] Energy[MWh]
roentlle oo | oot | Sth | 9t | th | ooth | 9th | 9ot
Positive
180 26 388 506 366 439 91 570
3 | (AEED)
5, Negative
182 6 415 549 375 458 504 601
(A%21])
Positive
0 o 10 %66 365 499 353 405 450 569
g. (74] CECRE]
2 Negative
185 349 452 513 361 452 45 578
(A%-21])
o | Fosiove 128 183 233 66 279 351 3% 514
(A5s+)
Negative | 234 276 206 %1 374 437 498
C | (AEan)
Posit
Sl 6 30 | 38 | 58 | 37 | 45 | 40 | 512
o | (AE53s)
= | Negative 183 310 403 574 370 438 460 550
(A% 21])
Positive
29 372 452 542 433 499 539 621
§ A=EF)
g | Negative | - 390 479 566 437 524 531 668
(A%2=1])
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Table 7. Percentile of flexibility requirements for long cycle in 2025

Powerl MW] EnergylGWh]
Percentile
75th th %th Pth Toth Pth %th 9Pth
Positive
429 537 608 740 2.87 358 4.02 464
(AEFF)
Negative
1 2. . . 4,
(A2t 530 618 679 27 33 3.34 368 34
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Table 8. Percentile of flexibility requirements for long cycle in different seasons
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