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Introduction 

For a sustainable society, cities are transitioning to smart cities (SCs) [1], which require an energy management 

system (EMS) that integrates renewable energy sources (RES) and combined cooling and heating (CCHP) to reduce 

environmental impacts. To create a low-carbon and eco-friendly society, cities need to minimize not only costs but also 

carbon emissions. However, many studies calculate emission factors using fixed values [2], and it will be important to 

conduct studies that investigate time-varying carbon emission factor (CEF). This study investigates the multi-objective 

optimization of the smart city considering time varying CEF and compares it with the conventional case. The 

optimization problem is formulated in MILP and simulated using MATLAB. 

 

Proposed method for CEF calculation 

Decarbonization requires economy-friendly and environmentally conscious development. Most power systems 

rely on fossil fuels, emitting carbon from thermal power plants. Generally, carbon emissions are calculated using the 

CEF published by electricity suppliers. While many published CEFs are fixed values, CEF is primarily influenced by 

thermal plant power and should be adjusted according to their output. Therefore, this study proposes a time-varying 

CEF (TCEF) to more precisely capture the time-series fluctuations in carbon emissions and incorporate them into the 

optimization process. The calculation procedure is as follows, and the TCEF is shown in Figure 1. 

Step.1 Calculate total emissions based on nominal CEF and total power generation (thermal, RES, etc.) 

Step.2 Divide the total emissions calculated in Step (1) by the amount of thermal power generation. 

Step.3 Multiply the CEF calculated in Step (2) by the thermal output to calculate the hourly carbon emissions. 

Step.4 Divide the emissions obtained in Step (3) by the corresponding generation to calculate the Time-varying CEF. 

To verify the effectiveness of TCEF, this paper performs a multi-objective optimization to minimize SC costs 

and carbon emissions. The problem is formulated using the 

ε-constraint method, as shown in the following equations: 

                                   min 𝐶𝑐𝑜𝑠𝑡(𝑡) ;                         

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜:  𝐸𝑀(𝑡) ≤  𝜀𝑖 ⋅ 𝐸𝑀𝜀𝑖

𝑚𝑎𝑥 (𝑖 =  0.1, 0.2, … , 𝑝) 

where  𝐶𝑐𝑜𝑠𝑡  represents the operational cost of the SC, 

𝐸𝑀(𝑡)  represents the carbon emissions of the SC, and 

𝐸𝑀𝜀𝑖

𝑚𝑎𝑥 is the upper limit of 𝐸𝑀(𝑡) for 𝜀𝑖. 

 

Results and Discussion 

Figure 2 shows the Pareto front for multi-objective 

optimization. All optimal solutions using TCEF are located 

in the lower left corner relative to the fixed case. Therefore, 

the proposed method achieves low-carbon and low-cost by 

precisely capturing and optimizing hourly carbon 

emissions. According to the Pareto front in Figure 2, this 

paper determines the solution with 𝜀𝑖 = 0.6 as the optimal 

solution. Comparing the two cases, operating costs are 

reduced by 4.1% and carbon emissions by 5.6%. 
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Figure 1 Time-varying CEF 

 

 

 

 

 

 

 

 

 

Figure 2 Pareto front 
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