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l Global flywheel energy storage system market share, by application, 2019 (%)
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Global Flywheel Energy Storage Market 2020-2024
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Flores Island PowerStore Kalbarri Marble Bar Kodiak Island Marsabit
The Azores, Portugal Western Australia Western Australia Alaska, USA Kenya
ABB solution ABB solution ABB solution ABB solution ABB solution
o Supply, install and *  Supply, install and o PV/diesel Microgridwith ~ »  Deliver two PowerStore- o Supply, installation and
commission @ Microgrid Plus commission a PowerStore- PowerStore grid-stabilizing flywheel units to stabilize the commissioning supervision
System and a PowerStore- flywheel acting as a technology and Microgrid power grid and increase of a PowerStore-flywheel
flywheel. The system STATCOM Plus System renewable energy Stabilizes the connection of
smoothens out windpower o Smoothens the voltage of an  The resulting system consists of: 2x 275 kW wind turbines to
fluctuations end-of-grid network to which - Diesel (4 x 320 kW): the grid
2x 800 kW wind turbines are  « PV (1 x 300 KW),;
connected - PowerStore- (1 x 300 kW);
- Microgrid Plus System
Customer benefis. Customer benefits Customer benefits Customer benefits Customer benefits
o [ncreased wind power o Optimize the system o Minimize diesel o Provide voltage and o System optimization to avoid
penetration. o Reliable and stable power consumption, 403,000 liters frequency support for a new curtailment of excess wind
o Minimized diesel supply of fuel saved annually crane power
consumption. Improved quality of Minimum environmental o Extend the life of the battery o Reliable and stable power
o Reliable and stable power electricity supply to Kalbarri impact, 1,100 tons CO2 systems by up to 6 years supply
supply ABB solution allows the avoided annually o Help to manage the
integration of wind energy at Reliable and stable power intermittencies from a 9 MW
the end-of-grid to provide supply wind farm
about one third of the o Reduced reliance on diesel
Klabarri community demand generators
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! Life Cycle Cost (LCC)

2 Fixed maintenance & operation

3 Total capital cost

4 Life cycle cost

5> Power Conversion System (PCS)
5 Energy storage related cost

" overhead cost

8 Replacement cost

% Disposal and recycling cost

10 Annual cost
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CRF =220 (£-)
Cosma = Coamys + Cosmy * CAP (6-7)
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Charging losses TT
Energy storage

input energy unit

Power canversion system
(PCS) (mechanical,

" electro-chemical,
To the grid or oufput ener electrical etc.)
consumer
B kWt ﬂ Discharging losses
Dverall efficiency = o (KWh)

Ein (kWh)
(ACHB-AC) i JJ, Storage losses

yos 82 b auje Slwbre g)lail eyl 5 @M Y Sy

From generator or
arid

Nomenclature Cra annualized replacement costs (€/kW-yr)
Cstor cost of storage section (€/kWh)
Crop cost of balance of plant (€/kW) Cvom variable operational and maintenance costs (€/kWh)
Ceap total capital costs per unit of power rating (€/kW) Ein input energy in one cycle (kWh)
Ceapa annualized value of total capital costs (€/kW-yr) Eour output energy in one cycle (kWh)
Cpr disposal and recycling costs (€/kW) h discharge time (h)
Cora annualized disposal and recycling costs (€/kW-yr) i interest rate (—)
Croma fixed operational and maintenance costs (€/kW-yr) n number of discharge cycles per year
Cicca  annualized life cycle costs (€/kKW-yr) r number of replacements
Cosma  annualized operational and maintenance costs (€/kW- ¢ replacement period (yr)
vr) . T lifetime (yr)
Cpcs cost of power conversion system (€/kW) ) v ) o
Ca replacement costs (€/KWHh) Hsys overall efficiency of storage system (%)
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Energy type Capital cost, €/kW (2010) 2010 2020 2030 2040 2050
Hard coal — Advanced/Super C - wfo CCTS* 1300 1300 1300 1300 1300
Hard coal — Advanced,Super C—w CCTS 2700 2624 2552 2484 2420
Hard coal — Sub C —w/o CCTS 1200 1200 1200 1200 1200
Hard coal — 5ub C —w CCTS 2600 2524 2452 2384 2320
Coal
Lignite — Advanced/BoA wjo CCTS 1500 1500 1500 1500 1500
Lignite — Advanced/BoA w CCTS 2900 2824 2752 2684 2620
Hard coal — IGCC — wyo CCTS 1800 1800 1800 1800 1800
Hard coal — IGCC— w CCTS 3200 3124 3052 2984 2920
Gas combined cycle - w/o CCTS 800 800 800 800 800
Gas combined cycle —w CCTS 1400 1367 1337 1308 1280
Gas Gas combustion turbine — wyo CCTS 400 400 400 400 400
Gas combustion turbine — w CCTS 1000 967 937 908 880
Gas steam turbine —w/fo CCTS 400 400 400 400 400
Oil combustion turbine —w/o CCTS 400 400 400 400 400
Qil
0il combustion turbine —w CCTS 400 400 400 400 400
On-shore 1300 1240 1182 1127 1075
Wind
Off-shore 3000 2742 2508 2290 2003
PV 1560 750 600 472 425
Solar
CSP 3500 2841 2307 1872 1520
Bio Biomass 2500 2350 2209 2076 1951
Geo Geothermal 4200 3775 3392 3049 2740
Pump storage or reservoir® 2000 2000 2000 2000 2000
Hydro
Run-of-river 3000 3000 3000 3000 3000
Marine Wave and tidal 5000 4246 3605 3062 2600
Nuclear Nuclear generation® 5000 5000 5000 6000 5000
Acronyms: Super C: Supercritical technology — Sub C: subcritical techmology —wfo: without — w: with — CCTS: carbon capture,
transport and storage — BoA: Braunkohlekraftwerk mit Optimierter Anlagentecnik (lignite-fired plant with optimised
engineering) — IGCC: integrated gasification combined cycde — C5P: Concentrated solar power — PV: Photovoltaics
Footnotes:
1 CCTS costs reported are for 2010 although the technology as yet was not available for commercial application
2 Pump storage is in general more expensive than reservoir storage. Investment cost also depends on storage size
3 Includes decommissioning and waste disposal
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Table 3 Typical capital and operating costs for power plants. Note that these costs do not include
subsidies, incentives, or costs such as water or air emissions controls (Blumsack, 2014)

Technology Capital cost, USS/kW Operating cost, USS/kWh

Pulverised-coal combustion 500-1000 0.02-0.04

Natural gas combustion 400-800 0.04-0.10

Coal gasification combined cycle (IGCC) 1000-15000 0.04-0.08

Natural gas combined cycle (NGCC) 600-1200 0.04-0.10

Wind turbine (includes offshore wind) 1200-5000 <0.01

Nuclear 1200-5000 0.02-0.05

Photovoltaic solar 24500 <0.01

Hydroelectric 1200-5000 <0.01
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Plants’ cycling parameters (upper bound of minimum power output, lower bound of ramping
gradients and upper bound of minimum up and down times) (Van den Bergh and Delarue, 2015)
Plant type Min output, Ramping, Start/stop ramping, | Min up time, Min down time,
%P max %P max/Min %P max/switch H H
Coal-fired 25-40 0.66—4 40-100 0.25-10 3-10
Lignite fired 40-60 0.66—4 60-100 0.25-10 3-10
Gas-fired 40 0.83-6 40-100 0.25-6 1-6
CCGT 30-50 0.83-10 50-100 0.25-1 0.5-6

b olSg 50 glgil sl ) & 2 g F-F Joao

Lower-bound median costs of cycling for various power generation types, US$ (Lew and
others, 2013a)
Small Large Supercritical Gas combined | Gas steam
subcritical coal subcritical coal coal cycle (CT-ST 50-700 MW
35-299 MW 300-900 MW 500-1300 MW and HRSG)
Hot start, USS/MW 94 59 54 35 36
Warm start, USS/MW 157 65 64 55 58
Cold start, USS/MW 147 105 104 79 75
Ramp, USS/MW 3.34 2.45 1.96 0.64 1.92
Non-cyclic operation, 2.82 2.68 2.96 1.02 0.92
USS/MWh
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