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Global Climate 
Constraints

Global Temperature Rise Constraint  ðò2 Targetó 

Global Cumulative Emission Constraint  - òThe Carbon Budgetó

Long-term
National Target

Under òParis Agreementó, each party submitted its INDC 
(Intended Nationally Determined Contributions)

National Target
by Stages

ŧThe 13th five -year plan for 
energy development Ũ

2016-2020

The long term target is decomposed into staged targets and 
implemented by òfive year planó

òINDC of Chinaó
(by 2030)

Åpeak emissions around 2030
Å increase share of non-fossil fuels in primary energy 

consumption to around 20 percent 
Å reducing CO2 emissions per unit of GDP by 60 to 65 

percent below 2005 level

Å reducing CO2 emissions per unit of GDP by 
50 percent below 2005 level (18 percent 
below 2015 level)

Spatial
Decomposition

Time
Decomposition

From ŧ2ű TargetŨ to Carbon Emission Constraints

Effective policy instruments are needed
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Carbon Pricing as the Major Policy Option

40 national jurisdictions and over 20 cities, states and regions

Carbon tax and Carbon market
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Fundamental Principle of Carbon Market
òcap and tradeó

Carbon market
the most preferred carbon pricing mechanism 

Cap σa upper emission limit set by government authority ιan initial
emission allowance is allocated to eachemitter

Trade σemission allowance can be traded among emitters, and a carbon price
is determined by the market

&
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Fig.  Price Dynamics of pilot carbon markets in China
Source: Carbon Markets Almanac, ICIS, 2016

Pilots in two provinces (Hubei and Guangdong) and five cities (Beijing, 
Tianjin, Shanghai, Chongqing, and Shenzhen) since 2013

The Fast Developing Chinese Carbon Market
from sub-national pilots to a national ETS

A national carbon market since 2018
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Electric

Energy

Energy in

other form

Generation Transmission 
&

Distribution

Consumption

Direct
Emission

Electric

Energy

Primary

Energy

Indirect
Emission

Indirect
Emission

Power Industry in Pilot Carbon Markets
constraints for power generation, transmission and consumption 

Main area for carbon emission reduction 
Major participants in carbon market
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Effective Ex -ante Analysis Method
the key to risk assessment and management
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Supplyσcontrolled by authorities (inelastic to 
priceβ

Demand : high exogenousvolatility
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Allowance accounting:
excess supply

Allowances issued in 2005 ~ 2007 
invalid in the second stage 

Global 
financial crisis

Debt crisis in 
Europe

European Parliament 
approvedɒBack loadingɓ

ɒBack loadingɓ
officially launched

Price Dynamics in the EU ETS
Effective Ex-ante Analysis Method
ÅWhat is the consequence if different disturbances occur?
ÅHow to coordinate between environmental and economic efficiency?
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The Complexity of the Carbon Market Analysis
a typical cyber -physical -social system

7

Cyber
System

Physical
System

Social 
Behavior

Carbon
Market

ÅPhysical Laws
ÅStatistical Laws
ÅHuman Behaviors

ã ã
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Statistical
Data

Causal
Data

Behavioral
Data 

Questionnaires

Data Collection

Documents

Experiments/Simulations

Mathematical Models

Statistical
Analysis

Causal
Analysis

Behavioral
Analysis

Causal

Relationship

Computer
AgentsHybrid Simulation

Human 
Participants

Knowledge
Extraction

Cross Domain Decision Support
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Hybrid Simulation of Carbon Trading
based on DSMES (Dynamic Simulation platform for Macro -Energy Systems
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Hybrid Simulation of Carbon Trading
еHSCTжV1.0

Å Carbon allowances auction
Å Carbon market trading
Å Electricity market trading
Å Multi -market clearing
Å Trading agents


