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Abstract—A two-stage robust optimization model with min-
max-min formulation is proposed for the cooling-heating- 
electricity-gas integrated energy system (IES), respectively with 
the optimization objective of minimizing operation cost and 
carbon emission. The uncertainties of photovoltaic (PV) output 
and electricity demand are considered. The middle and inner 
layers are reformulated into a single-layer optimization by using 
duality theory and big-M method. The outer layer searches for the 
electricity purchase or sale decision considering the worst-case 
scenario, determined by the middle and inner layer. Column and 
constraint generation (C&CG) algorithm are employed to solve 
the two-stage model. Case study demonstrates the effectiveness of 
the presented model and shows the different scheduling results 
under the economic and carbon emission objectives. 
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column and constraint generation, uncertainty 

I. INTRODUCTION  
Due to the increasing environment pollution and climate 

change, the integrated energy system (IES) has become a hot 
topic of research interest in recent years. However, IES has 
multiple uncertainties, threatening the stable operation of system. 
Currently, the study on the uncertainties of IES mainly focuses 
on the uncertain renewable energy generation and the electricity 
loads. The dynamic scenarios method has been adopted to 
describe the uncertainty of renewable energy output, reducing 
the negative impact of new energy utilization on distribution 
network [1]. A two-stage optimization model has been 
established for real-time interaction of electric-thermal 
combined system, considering the uncertainty of wind 
generation [2]. The bad scenario set and robust optimization 
have been introduced to solve the unit commitment problem [3], 
facing the uncertainty and volatility of wind power. Ref. [4] has 
utilized an improved particle swarm optimization algorithm to 
solve the optimal active power flow, where the uncertainties of 
wind power and electric load are considered.  

IES is a significant means to reduce the carbon emission in 
energy industry. Consequently, operational optimization of IES 
considering carbon emission is also of great concern. Ref. [5] 
has established a low-carbon economic dispatching model 
considering carbon trading mechanism, which can effectively 
promote the low-carbon economic operation by reasonably 
setting the carbon price. In Ref. [6], a low carbon scheduling 
model with photovoltaic (PV) power generation has been 

introduced, leading to the economic operation and effective 
carbon emission reduction.  

This paper researches the scheduling of IES respectively 
with the operational cost and carbon emission as optimization 
objective. A two-stage robust optimization model considering 
the uncertainties of PV output and electric load is established. 
Extreme scenarios and optimal energy scheduling scheme will 
be obtained in the middle and inner layers. The electricity 
purchase or sale decision under extreme scenario is determined 
in the outer layer. Column and Constraint Generation (C&CG) 
algorithm, duality theory and big-M method are employed to 
solve the two-stage model. 

II. INTEGRATED ENERGY SYSTEM MODEL  

A. Structure of IES 
The structure of IES is shown in Fig. 1. The electricity 

generation sources include gas turbine (GT) and the connected 
main grid (MG). The natural gas network and power to gas (P2G) 
device constitute the gas sources. The heat sources have the gas-
fired boiler (GB) and the heat boiler (HB) utilizing the waste 
heat released by GT. The cooling energy is supplied by the 
absorption chiller (AC) and the electric chiller (EC). 
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Fig. 1. Structure of IES. 

B. Coordinated Scheduling Aiming at Economic Operation  
Without considering the uncertainties of PV output and 

electricity load, the objective of coordinated scheduling aiming 
at economic operation can be described as: 
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