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China Energy Consumption by Type
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Chinese Government:

v 40%~45% of CO, emission for per unit
GDP will be reduced by 2020 compared
with 2005.
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Total Solar Power Installation
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Solar: In 2005, total solar power capacity was 0.5GW. It increased to
175 GW (+44.3 GW) in 2018, 34% of the global market share.



Installation of Wind Power
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In 2005, installation of wind power was only 1.25GW in China, and
the number turned to 188.39GW in 2017 (about 150 times).



Transmission : Distribution
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Electr|C|ty Gas Heating Hydrogen Coupling Node

CIES is composed of multiple terminals and energy networks including thermal (heating/
cooling), natural gas, hydrogen, electricity and transportation systems in the customer
sider. It is regarded as an effective way to increase the energy efficiency and renewable
energy penetration. So it has been drawing more and more attention
recently. It has obtained strong support from the government.
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The R&D investment of Chinain 2017 is 1 /60.6
(255.22 billion US dollars), which is about 2.

that year. The investment in the fields of
gas/water) is about 10.64 billion RMB (1.55 billion US dollars) in

the year of 2017.

Data from China’s Natio ureau of Statistics
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R&D work of TJU:  Framework of CIES

*Heating/Cooling
System

CIES Framework

*Virtual Power Plant

«Demand response
«Transportation
System

«Spatial-Temporal
Planning of charging
facilities

V2G, G2V

«Natural Gas System

Electrical system «CCHP
« Active distribution network «Gas-fired generation
« Microgrid power plant
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R&D work of TJU:  Key Techniques of CIES

Research Framework
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R&D work of TJU: 1. Theoretical Studies

1.1 General Modeling of Community Integrated Energy System

Energy Hub Model Typical Demand
e Energy Hub (Dispatch, Storage and Transform) * Heating load
e Energy Interconnector (Transfer) * Cooling load
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R&D work of TJU: 1. Theoretical Studies

1.1 General Modeling of Community Integrated Energy System
» Improved Energy Hub

* Transform link: Dynamical Impacts between different energy supplies
e EE(.), ES(.), NE(.), NT(.), DT(.), WT(.), TO(.), TC(.)
* Feedback link: to reflect the end-user’s control behaviors

* FBC(e, h, c), such as demand response

Electricity []":'lo Electricity load
— - O HEEO : >

Nature Gas 'ﬂ' NEOR ... i %
District Heat ALY Heating load
_l_l*;_l DT{, ‘l_ — -'—— -El—li—l—l—l+
ood clips - : i Cooling load
tes T _._.E_.E'T.. E @ 1| Cooling
: Pl : : !
' : 1
EnEsEEnEsmsEEEmEEEEEE ....E... ...............i............... !
Improved ' = :
ETBC(E, h, c) |
Energy Hub g
Xu X. Jin X, Jia H, Yu X,, Li K., Hierarchical management for integrated community energy systems, Applied Energy, 2015, 160:231-243. i
i Xu X, Jia H, et al, Dynamic modeling and interaction of hybrid natural gas and electricity supply system in microgrid, IEEE T Power Systems, 2015, 30(3):1212-1221.

| Xu X, Modeling, Simulation and energy management research for electricity, gas and heat based micro-energy system, Ph.D Thesis of Tianjin University, 2014



R&D work of TJU: 1. Theoretical Studies

1.1 General Modeling of Community Integrated Energy System

» Improved Energy Interconnector

e Transform link: Dynamic impacts between different energy supplies
* FG(), BG(")
» Reflect dynamics of fuel transmission process, such as turbine, pressure

fluctuations and transfer, turbulence, etc.

* Feedback link: Coordinate control between two terminals
e FBCI(:), such as the coordinate control of converter system in DC-DC, DC-
AC, or two terminals of gas pipeline

Electricity ﬂ IFEiE-!E o é:::IEEi-E: =p Electricity
o ) [ Bo) o

i Xu X.Jin X, Jia H, Yu X., Li K., Hierarchical management for integrated community energy systems, Applied Energy, 2015, 160:231-243. i
i Xu X, Jia H, et al, Dynamic modeling and interaction of hybrid natural gas and electricity supply system in microgrid, IEEE T Power Systems, 2015, 30(3):1212-1221.
Xu X, Modeling, simulation and energy management research for electricity, gas and heat based micro-energy system, Ph.D Thesis of Tianjin University, 2014.



1. Theoretical Studies

R&D work of

TJU:

1.1 General Modeling of Community Integrated Energy System

Smart buildings and virtual energy storage
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The improved model was used to construct dynamic model of smart buildings,
which further can be aggregated and coordinated into virtual energy storage.

Jin X.L., Mu Y.F., Jia H.J, et al. Dynamic economic dispatch of a hybrid energy microgrid considering building based virtual energy storage system. Applied Energy, ?

2017, 194: 386-398.

Jin X.L., Wu J.Z., Mu Y.F., et. al. Hierarchical microgrid energy management in an office building. Applied Energy, 2017, 208: 480-494.
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R&D work of TJU: 1. Theoretical Studies

1.1 General Modeling of Integrated Energy System

The mathematical model of IES system will be more complex one,
namely PDAE model.

@ Dimension reduction
(Balance/Schur/Hankel Martrix, etc) ———
@ Parameter Identification

e Reasonable order number
e Measurements usage

Flectricity | © Electricityload ImprOVEd Energy Hub Model
e | (IEHM)

Nature Gas

District Heat @_ """""" Heating load
- — [DTe] === u s g n i g e
L [roal--- -
Wood clips ) LC i

T e i | coolingload

e = My g0y
Ene':gy ub  LFBC b 9Je——]| oV @y
v="~T(w,v,y,u)
0=g(w,v,y,u)
Zz=h(w,v, y,u)

Electricity ﬁ ':::E::::::::::::::::::::::::::::::Et::: =p Electricity
Gas [Feal | Gas

- PDAE System

Partial differential-difference-algebraic equations
i Xu X.Jin X, Jia H, Yu X., Li K., Hierarchical management for integrated community energy systems, Applied Energy, 2015, 160:231-243. i
i Xu X, Jia H, et al, Dynamic modeling and interaction of hybrid natural gas and electricity supply system in microgrid, IEEE T Power Systems, 2015, 30(3):1212-1221.
i Xu X, Modeling, simulation and energy management research for electricity, gas and heat based micro-energy system, Ph.D Thesis of Tianjin University, 2014.




R&D work of TJU: 1. Theoretical Studies

1.2 Simulation Technologies of Community Integrated Energy System

Some potential solutions:

(@ From PDAE to DAE Conventional
Numerical Methods
, oW  Boundary conditions can be used
W= é(E’E'V' y,u) « Nonlinear transformation w f (X y u)
v=f(w,vV,Y,u) B Y
0=g(w,v,Yy,u) System Identification 0 : E(X’ Y u)
z =h(w,v, y,u) z=h(x,y,u)

(@ From digital to hybrid (digital & analog)

FC-------------=-------
: .- Physical |1l G i
| | Electricity | —> y
Ll system equipment | |
I / \ll :
|
|
; COUP'eId Electronics | !
| [ strongly interface |,
I parts | — |
! T I
I I . . . .
I | Coupled | Microgrid Simulation
| weakly > | Digital |1 Laboratory in SEEA/ TJU
1| parts simulation || Real Time Digital Simulator
v _____lbY—/—— - in SEEA/ TJU

i Iy

Xu X, Jia H, et al, Hierarchical energy management system for multi-source multi-product microgrids, Renewable Energy, 2015, 78: 621-630.
Xu X, Jia H, et al, Study on hybrid heat-gas-power flow algorithm for integrated community energy system, Proceedings of the CSEE, 2016, 35(14):3634-3642.
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R&D work of TJU: 1. Theoretical Studies

1.2 Simulation Technologies of Community Integrated Energy System

e
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Solve fast system Eq. (15) 1(—
Gas-powered unit l i

consumption
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’ Solve the power flow '
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Solve the gas flow | L= t/ +At,
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g x : | the wholg system @
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l
l
l
l
I
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P  Initialize th‘? slow Solve slow system Eq. (13)
] and fast variables.
. OX,, L £,=0,,=0
jex, = f, GT’Xh'Ip'yh | - o
P \ Perturbation and Gear @
0 OX,, | techniques are used to Ves
95 Ml Y I handle the multi-time A
\ P I scale problem. (B

i Xu X, Jia H, et al, Hierarchical energy management system for multi-source multi-product microgrids, Renewable Energy, 2015, 78: 621-630. g

i Xu X, Jia H, etal, Study on hybrid heat-gas-power flow algorithm for integrated community energy system, Proceedings of the CSEE, 2016, 35(14):3634-3642. v
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R&D work of TJU: 1. Theoretical Studies

1.3 Optimal Operation and Control of CIES

possible Model: I I

. Dynamic operation variables,
min |:C (X’ Y, p) ); Static operation variables,
st C.(X,y,p)=0 Control variables,
CI (X,y,p)<0 P All are the functions of T_,E_,G,
X:CD (X, Y, p) System control objective function, such as

F. () system loss caused by faults, region size

it's a typical optimization where faults happened, fault remaining

: : time, et al.

problem with dynamic

constraints. Cc() Equality constraints
C, () Inequality constraints
Cp() Dynamics constraints

Possible Solutions:

Emergency

control
Preventio

It’s similar with optimal Dangerous
power flow with transient Area
stability constraints
(TCOPF) in power system
analysis

Safety Area

Emergency
Area

| Jin X, Mu Y, Jia H, et al, Optimal day-ahead scheduling of integrated urban energy systems, Applied Energy, 2016, 180: 1-13.
| JiaH, Jin X, Mu Y, et al, A multi-level service restoration strategy of distribution network considering microgrids and electric vehicles, Proc of 2014 IGBSG, Taipei.



R&D work of TJU: 1. Theoretical Studies

1.3 Optimal Operation and Control of CIES

Hierarchical Energy Management System

Supervisory Control Layer

, - Interlaver communication
| e Interlaver coordination -

|
|
|
|
|
e -
| e  Soft switching N S |
: e Control stratcgy sclection _ OCL Sub-layers :
| ! Thermal System Management l
— : Dialogue (Slow control sub-layer) :
| .| ®  Thermal storage devices management |
| . R . e Demand response '
I Optimizing Control Layer (OCL) : P ' |
. : e Energy hub based optimization Static optimization MT and AC 011lrtput correction :
g ; ; . i i . oL
» T | :_... e control action production at: Set-points ‘| Natural Gas System Dynamic Prediction :
_§ | (1) long.tlmelhorlzon‘ *OalS """ T (Medium control sub-layer) |
| (%) medium time horizon ptimal Set-points .| ® Natural gas load prediction I
| (3) short time horizon e Natural gas network feasibility check |
| Optimal control trajectories MT and AC output set-points |
| \ ‘ - |
| ) — Electrical System Energy Management |
| Ex;cut!on E““tm] ]j“‘-‘c" (ECL) (Fast control sub-laver) |
: ¢ forcmﬁ, t;gﬁt,'p omfltl qpctor 1cs e PV output and clectric load prediction :
| rom the Into the system | * Battery and super-capacitor coordination |
: | .| ®  Operating mode switching :
|

Control Actions e |

Long-term (day ahead)=>Mid-term (24 hour)=>
Short-term(minutes/intra-minute)

Jin X, Mu Y, Jia H, et al, Optimal day-ahead scheduling of integrated urban energy systems, Applied Energy, 2016, 180: 1-13.
JiaH, Jin X, Mu Y, et al, A multi-level service restoration strategy of distribution network considering microgrids and electric vehicles, Proc of 2014 IGBSG, Taipei.



R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

{ Intelligent Transportation System ) Power System

4 N (. | | 0
, . @ Planning and Evaluation
= EVs charging location . :
~ Distribution system planning
} evaluation tool based on EV
characteristics, user daily
transportation behavior, etc.

» EVs start charging time

= EVs daily travel distance

| @ Operation
. GIS, GPS | Voltage_stability analysis and
* Origin-Destination Analysis preventive control

Coordination between EVs

and large scale wind farms
. N !

Oy 2%

Tianjin University




R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

Nuclear RS — =~

. esidentia .
Natural Coal-fired Power Plug-in \
Generators & Plants Customers  goctric |

Vehlcles I

4 Transmlssmn & Distribution
Hydro power Llrfes

plant

Wind Farms

Challenge

Solar Farms

Power in KW
:

-

.
-
L

Power in KW

Liu Z, Wang D, Jia H, et al, Power system operation risk analysis considering charging load self-management of plug-in hybrid electric vehicles, Applied

Energy,2014,136: 662-670.
Liu Z, Wang D, Jia H, et al, Aggregation and bidirectional charging power control of plug-in hybrid electric vehicles: generation system adequacy
analysis, IEEE Trans. on Sustainable Energy, 2015, 6(2): 325-335.

Wang M, Mu Y, Jia H, et al, A preventive control strategy for static voltage stability based on an efficient power plant model of electric vehicles, Journal

of Modern Power System and Clean Energy, 2015, 3(1): 103-113.
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R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

Power System
Optimization

Generation system adequacy analysis

/ \ \ - \ Modeling
ontrol / \
I \ '
center - ' . t |Integrated control capabili
ﬁ | \ Rawcontolsional | |12 pabily
Central charging \ | ( Parking lot . PHEV TR Aggregative vehicle status
c stat:Kn \ | Community B | !
om mu nity A (Aggregator Aggregator Bus allocation & aggregation function

‘ Aggregator

T ./ ’ Q ’\ LTI 150 _
= = J i Detailed control : Rated charging pover |
( User house\ I u: """" i command for | Battery capacity :
FEAE ﬁ J y| individual vehlcev Pre- settmg parameters '

0 ' Q ( Parking ot\ | ( User_;muse\ Cent;?:l;l;:rging// Clr;gii‘;g
O ’ Q ' Q ' / Modeling

/

‘\____/ _____

Two-level Aggregation VPP Model

Liu Z, Wang D, Jia H, et al, Power system operation risk analysis considering charging load self-management of plug-in hybrid electric vehicles, Applied

i Energy,2014,136: 662-670. '

i Liu Z, Wang D, Jia H, et al, Aggregation and bidirectional charging power control of plug-in hybrid electric vehicles: generation system adequacy i

i analysis, IEEE Trans. on Sustainable Energy, 2015, 6(2): 325-335. '

i Wang M, Mu Y, Jia H, et al, A preventive control strategy for static voltage stability based on an efficient power plant model of electric vehicles, Journal

i of Modern Power System and Clean Energy, 2015, 3(1): 103-113.



R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

( Generation capacity shortage AP, ]

:

Analyze G2V and V2G control set with Eq. (5) and (9)
Calculate G2V and V2G control power with Eq. (13) and (14) )

/ ﬁ J \\' If Pgay = AP, If PGoy + Piog = APL 3 Poy - IF APL > Pgoy|+ Piog
Central chargl\ \center Parking lot \ !
station ( C Ommunit}’ B ‘ [Calculate Eq. (5)-(8))
Com mumtv A Aggregator \

‘ Aggregator

=) -~ Q ’\ 0= (Kl =1k | :
% 3 J \ Q, ﬁo Update AP, = AP, - Pgr
Q.

=Qn
( User house\ I u- """ ) — [Calculate Eq. (10)-( 12)]
| B - !
QQQP (o= Eﬁ T
( arking lot User house\ Central charging / -
Q,=0

I station Vi 0 ;Q(:ﬁ m 2,
R.LL QQQ / o
~ — — /N _ ___ _ To achieve a better control result,

Two-level Agg regation VPP Model EVs are grouped according to their
types, capacities and states.

Liu Z, Wang D, Jia H, et al, Power system operation risk analysis considering charging load self-management of plug-in hybrid electric vehicles, Applied
i Energy,2014,136: 662-670.

i Liu Z, Wang D, Jia H, et al, Aggregation and bidirectional charging power control of plug-in hybrid electric vehicles: generation system adequacy i

i analysis, IEEE Trans. on Sustainable Energy, 2015, 6(2): 325-335. '

i Wang M, Mu Y, Jia H, et al, A preventive control strategy for static voltage stability based on an efficient power plant model of electric vehicles, Journal

i of Modern Power System and Clean Energy, 2015, 3(1): 103-113.



R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

» Load Demand Response and Frequency Control

" 777777777777777777777 -
Power Grid P " Dynamic EV Frequency Control Strategy
|

/ PA Pa \ ‘
Frequency @ Power Elow Intermittent W Po W Pron |
Signal y Wind Energy | Frequency |
Distributed EVs | 1o Drop ||
| " Control PM |
Control | V1G Mode V2G Mode |
\ k(Charging Regulation) (Charging/Discharging Regulation) Y, |
| _ SoC(t)
I M Time o Forced

D namic Virtual Energy Storage S stem | rop |
¢ gy ) y | Ma?r?ttéﬁ%ce - Control  Pray/ harge |
e ] D T w M e | Area Process ||
R ~,,J Mo AGH r P B 1A P A e e | Charging (P=Pmax) |
K A Lo e Demand | |
(Power Indexes) (Energy Indexes) S 0 lgen e ” Ei{\

+ JiaH, Qi Y, Mu Y, Frequency response of autonomous microgrid based on family-friendly controllable loads, Science China E-Technological Sciences, |
i 2013, 56(3): 693-702. I
' Meng J, Mu Y, Jia H, et al, Dynamic frequency response from electric vehicles considering travelling behavior in the great Britain power system, Applied g

i Energy, 2016:162:966-979. ,
T T - =iy



R&D work of TJU: 1. Theoretical Studies

1.4 Interaction between transportation and power systems

» Load Demand Response and Frequency Control
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System frequency is smoothed when the EV controller is adapted.

JiaH, Qi Y, Mu Y, Frequency response of autonomous microgrid based on family-friendly controllable loads, Science China E-Technological Sciences,
2013, 56(3): 693-702.

Meng J, Mu Y, Jia H, et al, Dynamic frequency response from electric vehicles considering travelling behavior in the great Britain power system, Applied
Energy, 2016:162:966-979.
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R&D work of TJU:

1. Theoretical Studies

1.4 Interaction between transportation and power systems

» Virtual Energy Storage in Micro-Grid
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7
WT generator \ .
Charging Station
JEESTE s
PV system_1
R
Load 15 1
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Charging Station 17
16 T
+—
Load 16
12
"y \"'l n
v -, . L
Fuel cell

Charging Station 13 l 3
£ o ~ = : p— 800
L= — 45 blynp

Load 17
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0.8

SoC

0.4

PV system_2

Usage of the real energy storage in the micro-grid will be reduced.

Wang Dan, Ge Shaoyue, Jia Hongjie, Wang Chengshan, Zhou Yue, Lu Ning, Kong Xiangyu, A demand response and battery storage coordination
algorithm for providing microgrid tie-line smoothing services, IEEE Transactions on Sustainable Energy, 2014, 5(2): 476-486. i
Wang Dan, Jia Hongjie, Wang Chengshan, et al, Performance evaluation of controlling thermostatically controlled appliances as virtual generators using ?

comfort-constrained state-queueing models, IET Generation Transmission & Distribution, 2014, 8(4): 591-599. i
________________________________________________________________________________________________________________________________________________________________ ———
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R&D work of TJU: 2. Software Developments

2.1 Planning of CIES System
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B Up to now, the theory,
method, software of
electric distribution system
planning developed by us
have been used in more
than 4000 projects and 300

cities in China successfully.

M In the future, we want to
develop new planning
software for community
Integrated energy system.
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R&D work of TJU: 2. Software Development

2.1 Planning of CIES System
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R&D work of TJU: 2. Software Development

2.2 Simulation, Analysis, Energy Management Tools for CIES System
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R&D work of TJU:

2. Software Development

2.2 Simulation, Analysis, Energy Management Tools for CIES System
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R&D work of TJU: 2. Software Development

2.2 Simulation, Analysis, Energy Management Tools for CIES System
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R&D work of TJU: 3. Platform & Demonstrations

<< CCHP in Foshan, Guangdong -+ Demo project in Yunnan
-+ MG project in Tianjin Eco- +  Coordination of EES and

city’s office building renewable DGs in Guangdong
-+ MG project of Jinfeng Inc. -+ Wind integration project in
-+ MG project of Dongman Park, Weifang, Shandong
Tianjin Eco-city -+ Stability analysis to power grid
-+ MG in Dongfu Island, with large w-power integration
Zhejiang (SGCC)
-+ MG project in Nanjing, -+ Wind integration analysis in Yi
Jiangsu county, Guangdong
- MG in Tianjin Eco-city - MG in Wanshan Island,
(government office) Guangdong

List of demonstration projects

+ MG Lab of EPRI in Zhejiang

+° MG Lab in Yunnan
Province

+° MG Lab in EPRI of Inner
Mongolia

+ MG Lab and
demonstration project in
Shenzhen Electric Power
Company

< Tianjin University MG

Laboratory
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Tianjin University



R&D work of TJU: 3. Platform & Demonstrations

Jinfeng Research Center Wanshan Platform L
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R&D work of TJU: 3. Platform & Demonstrations

Demonstration Projects in China

wAMBTRE

Smart IES system in ZhuHai Islanding microgrid system CCHP Project
(WanShan) in Zhejiang (Dongfushan) in Guangdong (Fo-shan)

Exhibition Center at Energy Station at Microgrid Parrel microgrid
China-Singapore Eco-city  China-Singapore Eco-city in Yunnan (Kunming) in Jiangsu (Nanjing)

KLY

Tianjin University




R&D work of TJU: 3. Platform & Demonstrations

Key Laboratory of Smart Grid of Ministry of Education

CIES Benchmark

Vertical Wind Turbimes Horizontal Wind Turbine  Fuel Cell

CCHP Flywheel Compressed Air Storage

KLY
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R&D work of TJU: 3. Platform & Demonstrations
Devices in the Key Laboratory of Smart Grid of MOE
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R&D work of TJU: 3. Platform & Demonstrations

Community IES Demonstration Project
--- TJU Binhai Industrial Research Institute

Area: 308,900m?

Stable Load
(Electricity/Cooling/Heating)
Sponsored by MoST, TJU, and
Tianjin government

Demonstration for Key Technology of

Renewable Energy Based CCHP Microgrids
Multiple

Battery: 400kW
Heat/Cool storage: 10t

Energyy ___, Miﬁfyg':'ﬂd »Demand side
m PV panels: 610MW @ Ay .
B CCHP: 120kW | po LR
m Heat pump: 150kW \ |
n
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R&D work of TJU: 3. Platform & Demonstrations

Community IES Demonstration Project
--- TJU Binhai Industrial Research Institute
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Research and Future Work at Tianjin Universit

Hybrid Simulation Platform for the CIES

Numerical Simulation System

Thermal System Electrical System
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Gas System

Digital-Physical Information Bus Configuration

Interface Technique Technique Implementation Method

Multi-scenario
Simulation Technique

Thermal System Electrical System

Physical Experimental System

Gas System
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CIES is a promising researching area in the world. Tianjin University (TJU) is one
of the most important R&D center in this area in China, especially in the
field of micro-grid techniques, IES planning, software development. We earnestly hope

to build links with you and to do more collaboration in this field in the future. %‘7
& Tianjin University
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