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Some introductory remarks
• A complex issue 

• Many different 

• Technologies

• Applications

• Energy vectors 

• Energy system is more than just electricity 

• Renewables are tied to storage and demand management in the 
debate but not fundamentally 

• Cost trends in batteries in particular are declining rapidly, but will they 
continue ?

• Regulatory and policy framework critical 

• Very 

• system specific

• emotive topic

• difficult to give make definitive statements
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Electricity storage technologies

705/12/2016



Historical Pumped Storage Driver
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Pumped Storage NuclearData From OECD Countries only

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



Island Applications 
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Wind Installed in Ireland

Sources: EirGrid http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/ ,IWEA 
and Eirgrid Generation Capacity Statement 2016-2025 and Irish Wind Energy Association 

22.8 % electricity from Wind 2015
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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.



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)



Boys and toys pumped storage in Ireland 



Storage Low value and declines rapidly
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Storage play that went wrong
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Gas grids have storage 

http://www.solarstorms.org/Pictures/AlaskanPipeline.jpg



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



The global energy system today

Dominated by fossil fuels in all sectors: (Source IEA)



The future low-carbon energy system

The 2DS in 2050 shows a dramatic shift in energy sources and 
demands: (Source IEA)



Look at heat and demand management 



Load shifting (thermal electric storage) in Ireland 

 Capacity value of resource is limited because: 

 Consumer requirements

 System operations

 Base case 

S Nolan, O Neu, M O'Malley. ``Capacity Value Estimation of a Load-Shifting Resource using a Coupled Building and Power System Model'', Applied Energy, In Review



Demand response - the “consumer” and the “business model”
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Heat storage is all about scale
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Cost of heat storage

Source: JRC 2012

Source: Market data

Source:  Juha Kiviluoma



How they do it 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. 



Wind & solar PV curtailment in China  

Source: raponline.org



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. 









Design the demand side to be flexible 
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What about solar 

Source: William D'haeseleer



Storage technology costs

3705/12/2016

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)



Going off grid 



Source:  German Trade and Investment 



The spiral of death   



Going off grid is very expensive 



Conclusions
 Storage and demand management have many potential roles 

in future energy systems 

 In electricity, dedicated storage is very expensive (capital & 
operations) and has many competitors – only applied in niche 
applications

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

 Demand management is more competitive than storage in 
many applications  BUT it is constrained by the user  

 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
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