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Introduction

Virtual Power Plant
(VPP) is, by advanced
metering,
communication and
controlling
technology, an
aggregation of DG,
Storage, Intelligent
Loads and such DER,
to coordinate and
optimize operations
of Multi-DER via
higher software
framework.
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Major VPP Projects in Europe

Start-End Time

STADG VPP 2003-2007 Accomplished Germany
UNNA 2004-2006 Accomplished Germany
VIRTPLANT 2005-2007 Accomplished Germany
PM VPP 2005-2007 Accomplished Netherlands
FENIX 2005-2009 Accomplished UK, Spain, etc.
GVPP 2006-2012 Accomplished Denmark
VGPP 2007-2008 Accomplished Austria
HARZ VPP 2008-2012 Accomplished Germany
Pro VPP 2008-2012 Accomplished Germany
EDISON 2009-2012 Accomplished Denmark
FLEXPOWER 2010-2013 Accomplished Denmark
WEB2ENERGY 2010-2015 In Research Germany, Portland, etc.
TWENTIES 2012-2015 In Research Belgium, Germany, etc.
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VPP Status Quo @E

50,000
45,000
40,000

35,000

(MW)

25,000
20,000
15,000

10,000

5,000

Total Annual VPP Capacity and Implementation Spending by Region,
World Markets: 2016-2025 (Source.: Navigant Research)

EELD

STATE GRID

30,000 |—

I North America
Europe
mmm Asia Pacific
I Latin America
Middle East & Africa
- |mplementation Spending Total

e
|lI

11

A — — —_— || -
- T T T T T

|

$2,500

- $2,000

$1,500

$1,000

$500

2016 2017 2018 2019 2020 2021

2022 2023

2024

2025

($ Millions)

F 3 SR A 23 5] (B M BB ) B S 5 5Pk )

NARI GROUP CORPORATION / STATE GRID ELECTRIC POWER RESEARCH INSTITUTE

7



& EX3E
T ontents

Introduction

VPP Status Quo

Structural Design
Economic Analysis

Conclusions



Structural Design gﬁs S.TEE%R@

Project Items

Demonstration Integrated Monitoring of Operation System
Multi-level
Energy Storage
System Application Grid Government Enterprise Residence
Distribu.ted - Data & Application
Station
Automatic
Demand .
Responding Electric VPP Comprehensive External
Data Operation Service Data Gov.
> > > > Service
Heat/Cold 4 : Platform ) . e
Energy Station ) Platform
EV Power Informatlanuinteractlon
Monitoring
System
] Existing Energy Data
Regional
Energy  sybstation ELEfGas EED DG LS Fone i Supply Water Affair
Operation Usage Center Utilization

Data



EELD

STATE GRID

Structural Design

Adididdddid il
ddadddddddl])
(LA PR ATERIL 1 )
(Ll PMISTation L 1)

SeRsananesmm
dddiddidddd]
AL ENSTRIVE L L
A A atorada L L1
dddSuataml ]

S dobdia s ba Ll L

L4 4NCPPONSEL L L
IRRRSGIENN

SNSRI
dddddddddddd
AAAVENICICE A L L
PR ERITNTINN
SRRRINASRAMM

—

) S
Centralized Potential
And And

Reliability
Analysis

BRRREANRRAAAM
! Combined

|

| V2G-52G | Cooling
|

L

Synchron-

ous Distributed
Generator Life Circle
"""""" Monitorin Active
Micro Grid and J Demand
Group Cascaded Responding

Control Utilization Platform
sssssssssssh

vvvvvvvvvvv'

Charging
and
Discharging
Mode

Support Support

Bidirectional Interactive User-based Service
Communication Interface Network

Flexible Resources
Storage || Other Loads

Support Support

Intelligent Energy
Consuming Info.
Identification & Integration

¥

Conventional Power Plant

Grid

DG EV

F 3 SR A 23 5] (B M BB ) B S 5 5Pk )

NARI GROUP CORPORATION / STATE GRID ELECTRIC POWER RESEARCH INSTITUTE

10



(& EREM

i g
Structural Design &% Stats GrD

110kV
Multi-level Energy Etorage System
10kV

2.5 MW :F___________________q:: _____________ : 'r___-__________: T
L-L?/gl Centralize | | K | i | i
dESS |! h | N |
______________ | |I | | | : |
Middle | w | [ Imw | 1500k i !
Level | "V Il Eess | 'l Ess PV 1| TEss PV SR ] ey
—————————————— | 400V | N | l
| i | L |
| i | | |
: :I P! : | '
Bottom | | | | | !
Level : Load || 250kW Load || 250kW :I | : : | :
—————————————— | | | | | : |
L___________________J':_ ____________ [ ]

Area0 Area 1 Area 2 Area 3 Area 4

F 3 SR A 23 5] (B M BB ) B S 5 5Pk )

NARI GROUP CORPORATION / STATE GRID ELECTRIC POWER RESEARCH INSTITUTE

11



Structural Design Q
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operation service . e .

platform.

New Relationship in VPP Covered Area

F 3 SR A 23 5] (B M BB ) B S 5 5Pk )

NARI GROUP CORPORATION / STATE GRID ELECTRIC POWER RESEARCH INSTITUTE

13



& EX3E
T ontents

Introduction

VPP Status Quo

Structural Design
Economic Analysis

Conclusions

14



EELY

X STATE GRID

Economic Analysis é’@§

2016 Electricity Tariff in Zhejiang Province

Time-of-use Price Basic Price

Voltage Level Peak

Users

Category Medium Low  Trans. Cap. Max Cap.

(RMB) (RMB) (RMB) (¥/kVA/Mon.)  (¥/kW/Mon.)
1-10 kV 0.6966  1.1146 0.9326 0.4486 30 40
20 kV 0.6766  1.0893 0.9093 0.4326 30 40
Large
Industrial 35 kV 0.6666  1.0766 0.8976 0.4246 30 40
Consumers

110 kV 0.6446  1.0436 0.8686 0.4046 30 40

220 kV+ 0.6396  1.0336 0.8606 0.4006 30 40

General 1 kV- 0.8929  1.4029 1.0979 0.5749 -- --

UREBEEE  1.10kv 0.8549  1.3529  1.0549  0.5429 - -
Commercial

Users and 20 kV 0.8349 1.3269  1.0322  0.5262 - -
Others 35 kV+ 0.8249 1.3139  1.0209  0.5179 - -
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2016 Electricity Tariff in Jiangsu Province

Time-of-use Price Basic Price

Voltage Level Peak

Users

Category Medium Low  Trans. Cap. Max Cap.

(RMB) (RMB) (RMB) (¥/kVA/Mon.)  (¥/kW/Mon.)
1-10 kV 0.6601 1.1002 0.6601  0.3200 30 40
20 kV 0.6541 1.0902 06541  0.3180 30 40
Large
Industrial 35 kV 0.6451 1.0752 06451  0.3150 30 40
Consumers
110 kV 0.6301 1.0502 0.6301  0.3100 30 40
220 kV+ 0.6151 1.0252 06151  0.3050 30 40
General 1 kV- 0.8366 1.3943  0.8366  0.3789 - -
Industrial & 1-10 kV 0.8216 1.3693 0.8216  0.3739 - -
Commercial
Users and 20 kV 0.8156 1.3593  0.8156  0.3719 - -
Others 35 kV+ 0.8066 1.3443  0.8066  0.3689 - -
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STATE GRID

Projects Investment Budget Estimation

o | e ] em
Distributed PV Station 119,850,000
Multi-level Energy Storage Station 76,768,050
Combined Cooling and Heating Power Station 42,984,692
Electric Vehicle Charging Station 7,850,000

VPP Comprehensive Operation Service Platform 26,343,937
n Automatic Demand Responding System 14,230,000
Environmental Protection Investment 72,000
n Labor Security and Industrial Hygiene Special Fund 1,711,000

Total 289,809,679
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No.l Distributed PV Station

UL 110.85 million | b BN 7 99 million/MW
Investment Unit
Payback
NPV(¥) 21,929,200 7.57 years

No.6 Automatic Demand Responding System

Lol 14.23 million -
Investment
Payback
NPV (¥) 3,546,200 5.19 years
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No.2 Multi-level Energy Storage System

Based on 2016 Electricity Tariff in Zhejiang Province

Total 76.7681 million | AAllEEE 9 8578 million/MW
Investment Unit

IRR (%) 5.25% 8%

NPV(¥) -11,511,300

Payback
Period

11.15 years

Based on 2016 Electricity Tariff in Jiangsu Province

ot 76.7681 million | AL 1 5578 million/MW
Investment Unit
re o [T -
Payback
NPV (¥) 1,745,100 8.68 years
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No.3 Combined Cooling and Heating Power Station

Total 42.9847 million 2.1071 million/MW
Investment Unit

NPV(¥) 22,764,600

Payback
Period

5.82 years

No.4 Electric Vehicle Charging Station

ot 7.85million -
Investment

NPV(¥) 1,691,800 Psggggk 5.36 years

F 3 SR A 23 5] (B M BB ) B S 5 5Pk )

NARI GROUP CORPORATION / STATE GRID ELECTRIC POWER RESEARCH INSTITUTE

20



) , ;‘% EREGENE
Economic Analysis e STATE GRID

Overall Index of Finance

Static Invest. 277.2867 million BEENE EL'jrnC(;"a“”g 107.4 million
Dynamic Invest. 290.1025 million 8%
Return of Invest. 3.13% Net Profit Rate 4.92%

Analysis of Finance Before Fund-raising

IRR (%) NPV (million RMB) PP (year)

Pre Income Tax 9.35% 25.7939 7.52

After Income Tax 8.56% 10.2929 7.82

Analysis of Finance After Fund-raising

Capital 9.34%
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Conclusions

1. Compared to the western markets, VPP is a
budding concept in China yet with enormous
development potential.

2. With large-scale application of energy storage
system, VPP will be more flexible on the control
of power flow.

3. Information Communication Technology makes it
possible to realize point-2-point Energy trading.

4. Positive local policies will deeply affect the profit
of constructions of VPP, especially the energy
storage industry.
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Thank youl!
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