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• The University of Warwick 
 

• IMAGES Research Project  
 

• Overview of Compressed Air Energy Storage 
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• In Coventry, very central 
– at the “heart of 
England” 

• In the centre of the 
manufacturing region 

• 60 minutes from London 
by train 
 

Location 
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Moderador
Notas de la presentación
Aerial shot of campus looking NW

City to right – about 3 miles

Warwickshire countryside to left – walks in fields and woodland within minutes.

Point out Westwood – accommodation and running track

Point out path through nature reserve to East Site – home of Bio Sci and Medicine



History of the University 
Established in 1965 
First student intake: 450 
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The University – fact 

Consistently ranked in the top 10 of UK universities: 
 
       5th - The Times Good University Guide, June 2012 
       8th - The Times Good University Guide, June 2013 
 
The results of the 2008 Research Assessment Exercise (RAE) 
reiterate Warwick’s position as one of the UK’s leading 
research universities, with Warwick ranked at 7th overall in 
the UK. 65% of Warwick's research is 'world-leading' or 
'internationally excellent' (Quality level of either 3* or 4*)  

PACSRLab

The best modern university in the UK! 



• The University of Warwick 
 

• IMAGES Research Project  
 

• Overview of Compressed Air Energy Storage 
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Overview of EPSRC Energy Storage Research in the UK  

Energy Storage 
for Grid 2013 
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Two Grand Challenge Programme Projects: 
 
1) Energy storage for low carbon grid (led by Imperial 
 College London)  
2) Integrated market-fit and affordable grid scale energy 
 storage (IMAGES, led by Warwick)    
 

Energy 
Storage Hub 

New 



Integrated Market-fit and Affordable Grid-scale Energy Storage 
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Power network operation                          
Energy economics/market                         
Underground Storage                     
Storage structure                         
CAES -compression/storage/integration                         
CAES - energy conversion                         
Power generation and electrical machines                         
HTTS                         
Thermal dynamics/efficiency                         
Power system control                          
Complex system modelling and analysis                         
Power electronics and conversion                         
  Leading Supporting 

The Team 
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Industrial Partners 
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•  to expound the economic viability of energy   
 storage  
•   to achieve a step change in understanding  the 
 required technical characteristics of energy 
 storage for technology development 
•   to pioneer technical advances such that 
 affordable grid-scale energy storage technology 
 will be realised before 2050 
 

Vision： 

IMAGES Project Brief   poster 
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What we aim to achieve : 

Economic analysis : 
- to reveal the multi-dimensional true values of ES 
- to identify the way for maximising the value of ES 

Policy makers 
Investors 

Network analysis: 
- to clarify the role of ES from demand and supply balance 
- to exam network operation rule for ES integration 

Regulations 
Operators 

Techno-economic-network analysis: 
- to derive a matrix of performance/cost of ES 
- to exam technical characteristics for network integration 

Guidance for 
technology  
development 

To provide essential information to government policy 
 makers and regulation bodies 
To support UK industry for technology development 

PACSRLab

Support 

Support 

Support 



What we aim to achieve : 
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- to gain a clear picture of national storage 
resources (CO2, Compressed Air, Gas, H2, 
Thermal etc) and its map to the renewable 
power generation  

     locations 
 

The information 
will be available 
from GIS 

Energy system 
planning and 
policy 

Support 



Technology breakthrough –  
 
Compressed Air Energy Storage 

- to avoid involvement of fossil fuel 
- to improve the round trip efficiency 
- to gain a clear picture of national storage resources 
- to study the methodology of engineering storage 
- to map the storage with the renewable power  
 generation locations 
 To maximise 

renewable  
energy 
penetration 

Technology for potential 
deployment 

What we aim to achieve : 
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Support 



Technology innovation – 
 
High Temperature Thermal Storage: 

- to research innovative HTTS technology 
- to find the cheap materials for HTTS 
- to improve energy efficiency by direct conversion 
- to develop innovative technology for combination  
 of CAES and HTTS 

To turn inflexible CCS 
and nuclear plants to 
flexible plants 

Technology for potential 
deployment 

What we aim to achieve : 

PACSRLab

Support 



•   Kick-off: Oct. 2012  
•   Four reports are drafted for comments within the team members: 
 - An overview of electricity network operation (Dr Lisa Flatley) 
 - Overview of electrical energy storage technologies  
  (Dr Xing Luo, J Wang and J Clarke) 
    - Revenues from storage in a competitive electricity market  
  (M Giulietti, L Grossi, M Waterson) 
    - EERA report: Overview of current development of  compressed air  
  energy storage (X Luo and J Wang)  
•  Project progress: 
 - three patents filed 
 - the first version of simulation tool for CAES is developed to be  
  completed soon 
 -  etc      
•  Project website   
 

IMAGES Project Brief 
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 Web Address: http://www2.warwick.ac.uk/energystorage 
  

http://www2.warwick.ac.uk/energystorage
http://www2.warwick.ac.uk/energystorage
http://www2.warwick.ac.uk/energystorage


• The University of Warwick 
 

• IMAGES Research Project  
 

• Overview of Compressed Air Energy Storage 
 

Outline 
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First 
generation 
CAES system 
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Compressed Air Energy Storage – Grid Scale 

Courtesy to Conven Energy Storage & Power LLC,  http://www.enstpo.com/ 



Second 
generation 
CAES system 
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Compressed Air Energy Storage – Grid Scale 

Courtesy to Conven Energy Storage & Power LLC,  http://www.enstpo.com/ 



Third 
generation 
CAES system 
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Compressed Air Energy Storage – Grid Scale 

Courtesy to Conven Energy Storage & Power LLC,  http://www.enstpo.com/ 
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Compressed Air Energy Storage – Grid Scale 

Today world-wide two plants exist: 
 
1. Huntorf, Germany built in 1978, charging power 60 

MWe (8 hrs), discharge power 321 MWe (2 hrs) 
 

2. McIntosh, USA built in 1991, charging power 60       
     MWe (45 hrs), discharge power 110 MWe (26 hrs) 
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Compressed Air Energy Storage – Grid Scale 

ADELE – Adiabatic compressed-air energy storage (CAES) 
 for electricity supply (RWE) in development 
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Compressed Air Energy Storage – Grid Scale 

LTA - Low Temperature Adiabatic CAES  
 – Fraunhofer published an initial study 

http://www.fraunhofer.de/en.html 

1 MW unit in IET, China 
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Compressed Air Energy Storage – Grid Scale/Small Scale 

Isothermal compressed air energy storage (ICAES) – SustainX 
 

http://www.sustainx.com/ 
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Compressed Air Energy Storage – Grid Scale/Small Scale 

Technology of LightSail Energy  
 

http://www.lightsail.com/ 



  Compression   Expansion 

 Generator Motor 

 Storage 

True CAES 

Electricity Electricity 

Compressed Air Energy Storage – Battery 



 
Scroll Generator Assembly 



Project: 2005-2007  (with Energetix Group) 

Compressed Air Air-Electricity Transformer 

Electricity 
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Compressed Air Energy Storage  - UPS 

Courtesy to Pnu-Power 



3kW 100/200kW 10kW 

PACSRLab

Compressed Air Energy Storage - UPS 

http://www.pnu-power.com/  

http://www.pnu-power.com/
http://www.pnu-power.com/
http://www.pnu-power.com/
http://www.pnu-power.com/


• National Grid UK – Capenhurst, Cheshire - June 2009 

• Utility Switching 400 / 235kV Substation 

• 8kW peaking unit for 6 hours backup 

• No issues, no maintenance in 4 years 

Moderador
Notas de la presentación
National Grid UK are planning to replace their battery systems with PnuPower systems with 48Vdc and 120 Vdc outputs to feed their protection equipment.



• ATK Thiokol – Utah, USA – October 2009 

• Grid Connect Peak Shaving – Energy Recycling 

from waste (?) compressed air 

• 40kW Parallel System 

Military – Energy Recycling - Application “It’s not rocket science....oh actually it is.” 

Moderador
Notas de la presentación
ATK have a rocket plant where they are load leveling the plant by storing and reusing compressed air



• CFS – Kings Valley Pyramid, Stockport, UK – April 2012 

• 300kW unit – ride through to generator start 

• Data Centre application 

Broadcast Application “ good with air ” 

Moderador
Notas de la presentación
Abertis telecom are using our system in remote locations to support their radio transmission equipment.



Key Component: Scroll Expander 
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Compressed Air Energy Storage 



Moving 
scroll 

Fixed  
scroll 

Scroll 1 

Scroll 3 
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Compressed Air Energy Storage 

Scroll 2 



Mathematical model of the scroll air motor 

Basic geometry of a scroll 
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Equations for scroll geometry 

Mathematical model of the scroll air motor 
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Mathematical model of the scroll air motor 
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Mathematical model of the scroll air motor 
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Considering the thermal process, the model is modified  

  

Mathematical model of the scroll air motor 
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Simulation 
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Simulation 
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Test: 

Mathematical model of the scroll air motor 
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New type of scroll air expenders 
 

Z 

Y X 
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Hybrid Connection with Wind Turbines 

Moderador
Notas de la presentación
WP1.2 Task1: reviewing the current grid code in UK and other countries and assessing the code ES needs to follow
WP1.2 Task2: Based on the deliverables in WPs1.0 and 2.0, to examine the current ES technologies complaince with Grid Code.


The grid code specifiies the requirement for frequency and voltage response performance that must be achieved by power generation units. 
For ES integrations or grid connections, it is unclear whether the technical responses of ES can satisfy the Grid Code specifications or not.
The required speed for primpary, secondary and ternary responses need to be examined to identify the gap between the technical performances of different ES technologies and the Grid Code requirements. From this study, the technical characteristic and performance guideline will be derived for ES technology development.



Challenging Research Questions: 
 

 
- Optimizing design of system devices  
- New types of air turbines/expanders 
- Energy efficiency – heat and cold 

recovering   
- Grid scale or distributed small scale 
- Cost reduction 
- Geological location for large scale storage 



Thank you! 
Email: jihong.wang@warwick.ac.uk 
 

mailto:jihong.wang@warwick.ac.uk
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