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1. Overview

Staff: Dr Jianguo Wang joined us from 15t March 2017

Students:
- Mr Anand Ganesan, Uncertain?

- Mr James Lam, to join us in May 2017

Dr Xing Luo has given his full support and worked on the project.
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Jianguo Wang

*March 2017 —, Research Fellow, University of Warwick

*Nov. 2016 — Feb.2017, Research Associate, PE group, University of Warwick
*Aug — Oct. 2016, Research Associate, University of Liverpool

July 2016, PhD, Electrical and Electronic Engineering, University of Liverpool
*June 2013, MEng, Electrical Engineering, Dalian University of Technology
*June 2010, BEng, Electrical Engineering, Dalian University of Technology

Main research interests and expertise:

Power electronics for renewable energy systems, especially when integration
with power network.
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Research experience
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PhD research project carried out comprehensive stability studies
and proposed novel current control methods to study and improve
the performance of grid-tied converters, in terms of system
stability, power quality, power flow, transient response, grid
synchronization, robustness, and fault ride-through capability.
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Research experience
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1. Overview

Journal Papers published:

*Wojcik, J D, Wang, J, Technical feasibility study of Thermal Energy
Storage (TES) integration into conventional power plant cycle, Energies,
Feb 2017

*He, W., Wang, J., Feasibility study of energy storage by
concentrating/desalinating water: Concentrated Water Energy Storage,
Applied Energy, Vol. 185, pp872-884, Jan 2017.

Journal Papers submitted
‘He, W., Luo, X., Evans, D., Busby, J., Garvey, S., Parkes, D., Wang, J.,
Exergy storage of compressed air in cavern and cavern volume

estimation of the large-scale Compressed Air Energy Storage system,
submitted to Applied Energy

Luo, X., Wang, J., Shpanin, L., Dooner, M., A new scroll-type air motor
with magnetic spirals, submitted to IEEE/ASME Trans on Mechatronics
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2. Report of the project progress

WPs that Warwick leads

Completed
WP2.2 Task 1. Improving the round trip efficiency of large scale adiabatic CAES §/stems

WP2.2 Task 2. Hybrid integration of wind power generation with CAE Completed
WP2.2 Task 3. Software tool development for complete CAES processesWOn-schedule
WP2.2 Task 4. Supporting the whole system techno-economic stuv On-going

WPs that Warwick supports
WP2.3 Integrated ES: Warwick team has developed a number of thermm_%gﬁé‘%qigl and
simulation library blocks which can be used by WP2.3.

WPs1.5/2.4 HTTS: Using the unique simulation facility at Warwick, Wanyigk team has
conducted the feasibility study of HTTS integration into power plant cyc%&FBSﬂVle
subcritical oil-fired power plant model and supercritical coal-fired power plant model.
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2. Report of the project progress

WPs that Warwick leads
WP1.2 Task 2. Update the overview in CAES and other ES technology develognent.

Continued through the work EERA-EASE Roadmap Technology Section — CAES

- meeting for discussion on 15 March 2017 in Brussel
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2. Report of the project progress

Applied Energy
> Supports Open Access

Editor-in-Chief: Jinyue Yan
> View Editorial Board

ISSN: 0306-2619

Applied Enerqy provides a forum for information on innovation, research, devel-
Submit Your Paper opment and demonstration in the areas of energy conversion and conservation,
the optimal use of energy resources, analysis and optimization of energy pro-
View Articles cesses, mitigation of environmental pollutants, and sustainable energy...

Read more

Guide for Authors Most Downloaded Recent Articles Most Cited Open Access Articles

Abstracting] Indexin Overview of current development in electrical energy storage technologies and
g g the application potential in power system operation Xing Luo | Jihong Wang | ...

Biophotovoltaics: Natural pigments in dye-sensitized solar cells Hubert Hug | Mi-
Track Your Paper

chael Bader | ...

Energy storage technologies and real life applications — A state of the art review
OrderJournaI Mathew Aneke | Meihong Wang
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2. Report of the project progress

WP1.4 Task 2. CAES specific opportunities in the UK

Exergy storage capacity calculation of cavern-based large-scale CAES system

Large-scale cavern-based CAES system Cavern operational scenarios
Diabatic CAES * Uncompensated isochoric cavern
Adiabatic CAES * Compensated isobaric cavern
| |
v : :
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} H,Y i i ———
TES Q Q.
é Charging v
Compressed == == =3 Discharging Compressed . T
air storage air storage
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Diabatic Adiabatic isochoric cavern isobaric cavern
CAES CAES
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WP1.4 Task 2. CAES specific opportunities in the UK

Flowchart of exergy storage calculation: uncompensated isochoric air storage
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WP1.4 Task 2. CAES specific opportunities in the UK

Flowchart of exergy storage calculation: compensated isobaric air storage

Exergy storage capacity of compensated isobaric air storage
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WP1.4 Task 2. CAES specific opportunities in the UK

Two case studies: Huntorf and Hornsea underground gas storage facility

Huntorf (uncompensated isochoric mode)

Huntorf (compensated isobaric mode)

Cavern type

Cavern type Isothermal cavern Polytropic cavern Adiabatic cavern
Maximum exergy 838 711.1 603
stored, MWh
Charging time, hrs 22.47 18.97 16.05
Mass stored, kg 8,736,336 7,375,500 6,240,240
Input power, MW 37.29 37.49 37.57
Exergy stored after 782.6 664.5 567.2
throttling, MWh

Isothermal cavern Polytropic cavern
Maximum exergy stored, MWh 1,983 1982
Charging time, hrs 50.52 50.51
Mass storage, kg 19,642,176 19,634,400
Input power, MW 39.25 39.21

Hornsea gas storage facility (uncompensated isochoric mode)

Hornsea gas storage facility (compensated isobaric mode)

Cavern type Isothermal Polytropic Adiabatic
cavern cavern cavern
Maximum exergy stored per cavity, MWh 4,489 3,919 3,287
Total maximum exergy stored, MWh 40,401 35,271 29,583
Mass stored per cavity, kg 35,930,000 31,250,000 26,070,000
Exergy stored after throttling per cavity, MWh 4089 3,570 3,011
Total exergy stored after throttling, MWh 36,801 32,130 27,099

Cavern type Isothermal cavern Polytropic cavern
Maximum exergy stored per cavity, MWh 7,394 7,367
Mass storage per cavity, kg 55,584,000 55,386,000
Total maximum exergy stored, MWh 66,546 66,303

1
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WP1.4 Task 2. CAES specific opportunities in the UK

The Simulink module of CAES exergy storage in the cavern
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2. Report of the project progress

WPs that Warwick leads

WP1.4 Task 2. CAES specific opportunities in the UK

Working closely with BGS and Nottingham to study the method to give more

accurate calculation/estimation of energy storage capacity with consideration
of dynamic process of compression and expansion. The paper has been
submitted. -

1
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2.1 CAES-TES dynamic modelling & software
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2.1 CAES-TES dynamic modelling & software

CAES-TES tool library

2" level subdirectory examples:

Module multi-level library

d .
2" level subdirectory examples:

Models for thermodynamic analysis
(steady state):

Turbine/expander (Isentropic)
Turbine/expander (Polytropic), ......

Models for dynamic modelling & control:
Positive displacement machines

d .
3" level subdirectory examples:

4{Scroll-type expander

Turbomachinery

‘piston type reciprocating expander

HRadial-inflow turbine

4‘AC Synchronous machine

AR

Fmwa

examples

Models for thermodynamic analysis
10
st . (steady state):
1" level subdirectory: Compressor (Isentropic)
1 Compressor (Polytropic), ......
Colpl el 11 Models for dynamic modelling & control:
Positive displacement machines 16
Turbomachinery —
2 | Turbines and
Expanders 12 Models for thermodynamic analysis
(steady state): 17
adiabatic/isothermal/isobaric
3 Compressed air compressed air storage reserviors
reserviors 13 Models for dynamic modelling & control:
Time-varying dynamic models
(considering temperature, pressure
4 Heat storage variations with time)
reservoirs _ _
Models for thermodynamic analysis
14 (steady state):
the Number of Transfer Units (NTU) 18
5 method, ......
Heat exchangers
Models for dynamic modelling & control:
15 Time-varying dynamic models
(considering temperature, pressure
i ariations with time)
6 Electrical power 20
systems
\ |
7 | Controllers for 8 Auxiliary
CAES/TES systems components Overall CAES/TES

;AC Asynchronous machine

HDC generator/motor machine
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2.1 CAES-TES dynamic modelling & software

Turbine
Fluid Compression and Expansion Modelling

Home

About

Software wnload Forum

& Username n
& | Password n

[CJRemember Me

Site Search

Background

In recent years the research in the field
of energy storage and its applications
has rapidly increased, including
research in Compressed Air Energy
Starage (CAES) and Thermal Energy
Storage (TES). ...

Compressed Air Energy Storage
Compressed Air Energy Storage (CAES)
CAES works in the process: the ambient
air is compressed via compressors into
one or more storage reservoir(s)
during the periods of low electricity
demand (o...

Thermal energy storage

Thermal (TES) is a technology that
stocks thermal energy by heating or
cooling a storage medium so that the
stored energy can be used at a later
time for heating and cooling
applications and power...

Software toolbox

CAES-TES software toolbox
introduction The structure of the
library of the developed CAES-TES
software toolbox is shown in the below
chart. The multi-level classification
method has been used. To...
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2.2 Further investigation on HTTS integration

WPs that Warwick supports

WPs1.5/2.4 HTTS: Using the unique simulation facility at Warwick,
Warwick team has conducted the feasibility study of HTTS integration
Into power plant cycle for both subcritical oil-fired power plant model and
supercritical coal-fired power plant model.
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2.3 Further investigation on HTTS integration

Progress — HTTS conceptual & modellin

g work
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2.3 Further investigation on HTTS integration

Progress — The Results
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|| Article

Technical Feasibility Study of Thermal Energy

|| Storage Integration into the Conventional Power

Plant Cycle

7| Jacek D. Wojcik * and Jihong Wang

School of Engineering, University of Warwick, Coventry CV4 7AL, UE; jthong.wang@warwick.ac.uk
* Correspondence: j.d. wojcik@warwick.ac.uk; Tel.: +44-2475-528142

Academic Editor: Bahman Shabami
Recetved: 7 December 2016; Accepted: 1 February 2017; Published: 2017

Abstract: The current load balance in the grid is managed mainly through peaking fossil-fuelled
power plants that respond passively to the load changes. Intermittency, which comes from
renewable energy sources, imposes additional requirements for even more flexible and faster
responses from conventional power plants. A major challenge is to keep conventional generation
running closest to the design condition with higher load factors and to avoid switching off periods
if possible. Thermal energy storage (TES) integration into the power plant process cycle is
considered as a possible solution for this issue. In this article, a technical feasibility study of TES
integration into a 375-MW subcritical oil-fired conventional power plant is presented. Retrofitting
is considered in order to avoid major changes in the power plant process cycle. The concept is
tested based on the complete power plant model implemented in the ProTRAX software
environment. Steam and water parameters are assessed for different TES integration scenarios as a
function of the plant load level. The best candidate points for heat extraction in the TES charging
and discharging processes are evaluated. The results demonstrate that the integration of TES with
power plant cycle is feasible and provide a provisional guidance for the design of the TES system
that will result in the minimal intfluence on the power plant cycle.

Keywords: thermal energy storage (TES); flexible operation; power plant; effidency; steam cycle
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2.3 Further investigation on HTTS integration

Progress — TES modelling in Ebsilon (] casiSlinie D

Plant engineering and design
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2.3 Further investigation on HTTS integration

Progress — TES implementation CSP & CAES

CATETINE Z010-06-21 16.00-00]

-

RSEGHT 01

i

! d

’

R 453 |
205804 4 = (HE }—
aE] 71

[

ESHEJ
—

-

k

25| 8003 7
gy Bo[11000

i

—
3

.
{ R
[ fJQJ.O 550:0

Uz

ol

9530 ks -

al%
&
®

—

F@
£

0.0 kys l:ﬁ
g

sl

a50| 8603
Z96.6[11000

Air tank

AR

Fmwa

1

D e 250

éi‘. .gg.r.mﬁl.l,ﬂl

DCAES Mclntosh (1991)

e
1505622
555500

i G

P et

s«:- m 29.41%

165(31886
3700] H6 165|31886
00| 446

h
" h

o——50.000 MW

32

‘,110000 MW,

Air tank 2006
-

TSTO =
[Rme.

Air Storage tank

7Obar - air density = 75 4507077716082 kg/m3
100bar - air density=107 801011085020 ky/m3

DS tme 20

a £ 320,000 MW
e ——t— {5}
o

= 0-100 bar
k(] = 208007 22 m
Viankih) = 208037 22 m3 ey

-
PSTO 6.000 bar
TSTO 40.000 °“C
TES tank RTIME 8.000 h
WP density = 817, 173309090890 kgim3

1376 kg

PSTO 100,000 bar
TS0 so%00 °C | e

DIS time 2.3h

T50.000 Mw
—
i
vt
FSTO 6.000 bar
TsTO 300.000 “C
—— |[RTIME 8.000 h

Efficeincy = 54.71 %

WARWICK



2.3. Integration of energy storage

University CHP system:

| &5 Communication D G |
| | | | ; | | : |
X X X X 1 X X X
| |
rw | I I |
: Primary :
Control centre | Substation |
X X X : Supply : X
I I © Authority |
Units
o.‘ ‘ i b BRSRRAA b
G EF FARSH b G E ERARSH 1 . Load
Load Load Load = (2 “
Battery
INVerter N m———

Boilers

Thermal Storag

[ Y
IMACES WARWICK



IMGES

3. Work Plan

- To continue development of CAES-TES simulation tool — Web
(Xing Luo)

- To continue WP1.4 Task 2. CAES specific opportunities in the UK
(to support BGS’ work?)

- To add an grid tied inverter to CAES test rig to study its dynamic
characteristics when connected to grid (Jianguo Wang)

- To extend the project work to study of University CHP integration
with energy storage to operate as a Virtual Power Plant in the
broad context of grid operation (new PhD student).

- To conduct feasibility study on integration of CAES to thermal
power plant operation process (Jacek)
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