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Power Systems Engineering 101 



Synchronous Grid   



Italian blackout 28th September 2003 

Vandenberghe, F., et al. "FINAL REPORT of the Investigation Committee on the 28 September 2003 Blackout in Italy." 

(2004). 



Italy in the dark  



Time frames for electricity grids 

Time 

Real Time 
Unit 

Commitment 

(on/off) 

Minutes 

Economic 

Dispatch 

(power 

level) 

Weeks - 

Hours  

Planning 

Years 

Operations  



With Variable Renewables More Flexibility is Needed 
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Short Time Scale Variability  
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Frequency control - regulation  

 Minute-to-minute regulation helps maintain frequency close to 50/60 Hz 
i.e. reliability (Brendan Kirby, kirbyconsulting.com) 
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The good 



Elzinga, D., Dillon, J., O’Malley, M.J., Lampreia, J., “The role electricity storage in providing electricity system flexibility”,  
in Electricity in a climate constrained world. International Energy Agency, Paris, 2012. 

Storage 
Applications 



Electricity storage technologies 
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Electricity storage technologies 
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Historical Storage Drivers 
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Pumped Storage Nuclear

Data From OECD Countries only 

Repeal of fuel use act in US:  
http://www.eia.gov/oil_gas/natural_gas/analysis_pu
blications/ngmajorleg/repeal.html 



Boys and toys pumped storage in Ireland  



Island Applications  

Manz, D.;Piwko, R; Miller, N , 
“Look Before You Leap: The 
Role of Energy Storage in the 
Grid”, IEEE Power and Energy 
Magazine, pp. 75-84, 
July/August, 2012. 
 

DEMAREST, M., 
TAYLOR, P., 
ACHENBACH, H. and 
AKHIL, A., 1997. 
Battery storage all 
but eliminates 
diesel generator. 
Electrical world, 
211(6), pp.39-41. 



Storage technology costs 
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Technology Potential for future cost reductions 

PHS Low 

Compressed air energy storage Medium 

Flywheels Medium 

Lead acid batteries Low 

Li-ion batteries High 

Sodium ion batteries High 

Redox flow batteries Medium / High 

Sodium sulphur batteries Medium 

Super capacitors Medium 

Power to gas to power Medium 



Institute for Power Electronics and Electrical Drives (ISEA) 



Scott Baker, Energy Storage: Balancing the 21st Century Grid, UVIG, Oct. 2015  



Scott Baker, Energy Storage: Balancing the 21st Century Grid, UVIG, Oct 2015. 



Storage & regulation play that went wrong 

http://www.greentechmedia.com/articles/read/Flywheel-Energy-Storage-Lives-On-at-Beacon-Power 

Mark O’Malley, Chet Lyons, 
Brendan McGrath, Keith 
McGrane, NY, July 2011 



The ugly 



Storage 
Applications & 
Competitors 

Elzinga, D., Dillon, J., O’Malley, 
M.J., Lampreia, J., “The role 
electricity storage in providing 
electricity system flexibility”,  
in Electricity in a climate 
constrained world. International 
Energy Agency, Paris, 2012. 



Some analysis  

Some analysis  



Net Savings  with storage  
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Tuohy, A. and O’Malley, M.J., “Pumped Storage in Systems with Very High Wind Penetration”, 
Energy Policy,  Vol. 39, pp. 1965-1974, 2011. 



Emissions with storage  

Tuohy, A. and O’Malley, M.J., “Pumped Storage in Systems with Very High Wind Penetration”, 
Energy Policy,  Vol. 39, pp. 1965-1974, 2011. 



Low value and declines rapidly 

Denholm, P., Jorgenson, J., Hummon, M., Jenkin, T., Palchak, D., Kirby, B., Ma, O. and O’Malley, M.J., “The 

Value of Energy Storage for Grid Applications”, National Renewable Energy Laboratory, Technical Paper 

NREL/TP -6A20-58465, May 2013. 

http://www.nrel.gov/docs/fy13osti/58465.pdf 
 

http://www.nrel.gov/docs/fy13osti/58465.pdf


 
 
 

The competition 

 
 



Comparing the flexibility options  
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 Relative value of new flexibility options for Northern Europe, 
scenarios with lot of wind power: 42-55% of energy 

 For wind, transmission, heat sector flexibility and demand response 
most important 

 

 
 

(Source: Kiviluoma et al, VTT) 

Transmission best cost benefit 

Power to heat good cost benefit 

Demand response – without costs 

Battery storage benefits with low costs only  

(better for PV than wind) 
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Transmission 
playing its part  
 
Note the sag on 
the line  



Enter the “consumer”  

‘Engineers and economists 
are ignoring people and 
miscasting decision making 
and action’, Sovacool, B.K. 
(2014) Nature 511, 529-530 
 

“Engineers (and 
economists) tend 
to be ignorant and 
arrogant about 
customers”, Janusz 
Bialek 



Electricity Storage Seminar, SEAI, ERC, 3RD November 2009  



Virtual storage  
not dedicated   



Wind & solar PV curtailment in China   

Source: raponline.org 



Centralised thermal storage in China   

• Established in Inner Mongolia, 

2014, with 20 electric boilers 

 

• 500,000 m3 heat supply 

 

• 75 GWh wind power annually, 

equivalent to 19,000t coal   

 

• Decrease CO2 emission by 68,000t 

Source: Chongqing Kang, Tsinghua University 

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and 
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.  



Flexible CHP can reduce wind curtailment 

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and 
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.  



Seasonal Storage:  we will have to change how we live   
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The bad  





Beware of snake oil salesmen   



Vinois, J., 2012. DG ENER Working Paper: The future role and challenges of Energy Storage. European 
Commission, Director-General for Energy. 



An April fool joke   



Are there opportunities ?    



http://spectrum.ieee.org/energywise/energy/renewables/californias-firstinnation-energy-storage-mandate 

California has adopted the United States’ first energy storage 
mandate, requiring the state's three major power companies to 
have 1325 MW of electricity storage capacity in place by the end 
of 2020, and 200 MW by the end of next year. The new rule issued 
by the California Public Utilities Commission (CPUC) will be key 
to implementation of the state's ambitious renewable portfolio 
rules, which calls for 33 percent of delivered electricity to come 
from renewable sources by 2020 and virtually guarantees that 
California, along with Germany, will remain in the world 
vanguard of those aggressively building out wind and solar. 
By common expert consent, wind and solar can only reach their 
full potential if storage is provided for, as otherwise little-used 
generating capacity must be held in reserve for the times the 
wind does not blow and the sun does not shine. California's 
landmark rule was written by Commissioner Carla Peterman, 
newly appointed to the CPUC late last year by Governor Jerry 
Brown. 
"This is transformative," Chet Lyons, an energy storage 
consultant based in Boston, told the San Jose Mercury News, the 
state's most tech-savvy newspaper. "It's going to have a huge 
impact on the development of the storage industry, and other 
state regulators are looking at this as a precedent." 
Though the new rule was adopted by the five CPUC 
commissioners unanimously, two expressed concerns about the 
storage mandate's being achieved at reasonable cost to 
consumers, especially as large pumped storage (hydraulic) 
facilities do not qualify. There are a wide range of technologies 
that do qualify, including batteries and flywheels, but costs are 
generally high. Pike Research has concluded that the United 
States as a whole could have as much as 14 GW of electrical 
storage by 2022, but only if storage costs come down to the 
vicinity of to about $700-$750 kilowatts per hour 



Energy Systems Integration   

• optimization of energy systems across multiple pathways and scales 

• increase reliability and performance, and minimise cost and environmental 

impacts 

• most valuable at the interfaces where the coupling and interactions are 

strong and represent a challenge and an opportunity 

• control variables are technical economic and regulatory 



Conclusions 
 Storage has many potential roles in future energy systems  

 In electricity dedicated storage is very expensive and has 
many competitors – only applied in niche applications 

 Virtual storage is more competitive than dedicated storage in 
many applications     

 Battery technology is declining in cost (and/or improving 
efficiency) but has a long way to go before it becomes 
ubiquitous   

 Price distortions can cause perverse incentives and improper 
deployment of storage technology  

 Great research topic  - interdisciplinary is important 

 Sound scientific advice to policy makers is important 

 EASAC report will be published shortly   
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