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ABSTRACT 


Energy  Internet  (EI),  which  deeply  integrates  digital 
 and new energy technologies, is known to be an effective 
 way  to  reform  the  energy  system  and  lower  carbon 
 emissions.  Current  studies  on  the  carbon  emission 
 reduction  advantages  of  the  Energy  Internet  mainly 
 focus  on  the  generation  of  renewable  energy,  rarely 
 discussing  the  environmental  effects  of  digital 
 technology.  This  paper  proposed  a  system  dynamics 
 model, which included  a thorough evaluation index for 
 EI's  digitalization,  to  simulate  the  carbon  emissions  of 
 China’s  energy  system  and forecast  its  peak  time.  The 
 simulation results demonstrate that the construction of 
 the  EI could enable  China’s energy system to meet the 
 carbon  reduction  commitment  in  2028,  with  a  peak  of 
 11,633 million tons of carbon emissions. These findings 
 might  provide  a  new  perspective  for  quantitative 
 research on the environmental outcomes of the  EI and 
 the  relationship  between  environmental  improvement 
 and economic growth. 


Keywords: Energy Internet, digitalization, clean energy, 
 carbon  emissions,  carbon  emission  peak,  system 
 dynamics 


NONMENCLATURE 
 Abbreviations 


EI  Energy Internet 


ICT  Information and communication 
 technology   


SD  System dynamics 


1.  INTRODUCTION 


It  is  well  noted  that  the  traditional  energy  system 
 dominated by fossil energy has resulted in challenges like 
 energy  crisis  and  environmental  pollution  [1].  Energy 
 Internet  (EI),  proposed  by  American  economist  Rifkin 


# This is a paper for the 8th Applied Energy Symposium - CUE2022, Sept. 24-27, 2022, Matsue, Japan.   


Jeremy in 2011, is becoming the most practical solution 
 to those  issues,  which is to build a new energy system 
 that  focuses  on  developing  renewable  energy  sources 
 (e.g.,  solar,  wind,  and  biological  energy)  and  aims  to 
 improve the energy efficiency with digital technology [2].   


However, the environmental effects of the EI on the 
 energy system are still uncertain as the digital products, 
 services,  and  relative  infrastructure  are  further 
 expanded  [3].  While  "smarter"  systems  could  reduce 
 their  carbon  emissions  by  a  factor  of  10  by  2030  [4], 
 energy-intensive digital technologies represented by ICT 
 and  the  Internet  may  crowd  out  a  certain  amount  of 
 energy  consumption  space  and  generate  additional 
 carbon  footprint,  which  is  not  conducive  to  green  and 
 sustainable energy development [4-5]. 


There  is  a  hot  debate  over  how  digitalization  will 
 affect  energy  consumption  and  carbon  emissions. 


Previous  research  mainly  started  from  a  micro 
 perspective, investigating the impact of digitalization on 
 some specific projects. Some scholars have testified that 
 the energy use  and carbon emissions of those  projects 
 can  be  reduced  after  the  application  of  ICT  [6-7]. 


However,  some  scholars  have  reached  quite  different 
 conclusions,  arguing  that  the  relationship  between  ICT 
 and its energy consumption may vary among regions [8], 
 or the relationship is not significant [9] or ICT has a “U”-
 shaped impact on energy consumption [10].   


It  should  be  highlighted  that  those  complicated 
 factors  mentioned  above  are  not  taken  into  account 
 when evaluating the environmental effects of the Energy 
 Internet.  Most  scholars  tend  to  illustrate  the 
 environmental  benefits  of  the  EI  from  theoretical 
 analysis and scenario studies [11-14]. For example, Zhao 
 et  al.  (2018)  set  up  a  self-balancing  scenario  and  an 
 interconnection scenario for the global Energy Internet. 


They quantitatively assessed the environmental benefits 



(2)of the growth and use of large renewable energy and the 
 increasing  proportion  of  non-fossil  energy  power 
 generation  [15].  However,  the  current  research  on  the 
 Energy Internet and its environmental effects is primarily 
 centered  on  the  viewpoint  of  energy  transformation, 
 paying  little  attention  to  the  energy  consumption  of 
 digital technology and infrastructure. 


Mapping out the most appropriate pathway towards 
 carbon  peaking  and  neutrality  is  challenging  for  China. 


The  energy  industry  is  responsible  for  almost  90%  of 
 China's total carbon emissions [16]. In 2016, the central 
 government  started  a  plan  of  “Promoting  the 
 Development of ‘Internet+’ Smart Energy” and aimed to 
 promote the energy industry upgrading by deploying EI 
 [17].  Following  that,  investment  in  software  and  IT 
 services has increased the most dramatically, indicating 
 that  digitalization  has  been  regarded  as  the  primary 
 driver for the EI in recent years [18-19]. According to a 
 report concerning China’s digital infrastructure, as early 
 as  2018, China's  data  centers  consumed  160.8  billion 
 kWh, surpassing that of Shanghai which has been one of 
 the highest electricity consumption cities in China. Given 
 the  pressure  to  meet  the  carbon  peak  target  in  2030 
 proposed  by  President  Xi,  it  is  worth  investigating  the 
 environmental  impacts  of  the  EI  and  assessing  its 
 potential  to  assist  China’s  energy  sector  in  reaching 
 carbon peaks on schedule. 


In this paper, we propose a system dynamics model 
 to  identify  the  impact  path  of  digitalization  and  clean 
 energy  construction  on  energy  consumption  structure, 
 as  well  as  to  quantitatively  evaluate  the  carbon 
 emissions  of  China's  energy  system.  The  order  of  the 


remaining  text  is  as  follows.  Section  2  of  this  paper 
 presents the model-building process. Section 3 illustrates 
 how data is collected and parameters are set. The results 
 are shown in  Section 4. The main findings of the study 
 are summarized in Section 5.   


2.  METHODOLOGY 


System  dynamics  (SD),  which  was  first  introduced 
 by Lay Wright Forrester in the 1960s to address industrial 
 problems,  has  proven  to  be  a  practical  mathematical 
 technique  for  dynamically dealing  with  linear  and  non-
 linear  interactions  in  a  complex  system  [20-21]. 


Therefore,  this study  uses the  SD model  to  predict  the 
 commensurable  changes  in  CO2  emissions  in  China's 
 energy system, with an emphasis on the influences of the 
 EI's  digitalization  development  and  clean  energy 
 production on energy consumption in China. 


The  system  boundary  is  determined  to  be  the 
 environmental  impacts  that  the  EI brings  to  China’s 
 energy system. To better understand how the EI affects 
 the  energy  system,  the  digitalization  subsystem  is 
 additionally introduced in this study. Therefore, the SD 
 model  is  subdivided  into  four  subsystems:  the 
 digitalization subsystem, energy production subsystem, 
 energy  consumption  subsystem,  and  environment 
 subsystem.  The  time  frame  is  adequately  extended  to 
 2011-2035 to see if the  EI can promote  China’s energy 
 system to accomplish carbon peaking in 2030. The model 
 test time boundary is 2011-2021, and the model forecast 
 time boundary is 2022-2035. 


The basic structure of the system dynamics model is 
 given in Fig.1.


Fig.1 Dynamic modeling of China’s energy system 



(3)3. DATA AND PARAMETER SETTING 


Data  from  2011  through  2021  is  extracted  from  a 
 variety  of  published  sources.  The  data  of  the 
 digitalization  subsystem  is  obtained  from  <the  China 
 Science  and  Technology  Statistical  Yearbook>, 


<Statistical Report on the Development of the Internet in 
 China>,  and  <  Big  Data  Blue  Book:  China  Big  Data 
 Development Report>. The data of other subsystems are 
 derived  from  the  <  China  Statistical  Yearbook>,  <China 
 Energy  Statistical  Yearbook>,  <China  Electricity 
 Yearbook>,  <National  electricity  industry  statistical 
 snapshot  list>,  and  <General  Rules  for  Calculating 
 Comprehensive Energy Consumption >.   


Based on historical data, two methods of setting the 
 main parameters are adopted in the  paper. In the first 
 place,  the  entropy  method  is  applied  to  calculate  the 
 level of digitalization. Then, based on the ordinary least 
 squares method, the relationships between digitization 
 and the intensity of electricity consumption by industry 
 and residents are clarified in this paper. 


The data from 2022 to 2035 is a predicted value that 
 is  estimated  in  two  ways.  By  reviewing  the  existing 
 literature  and  the  government’s  report,  we  obtain  the 
 values  of  the  relevant  parameters.  For  the  predictive 
 value of some data without available sources, we predict 
 them based on the grey model. 


4. RESULTS AND DISCUSSION 


In  this  section,  we  will  anticipate  future  carbon 
 emission  trends  from  the  energy  sector  and  evaluate 
 China's ability to adhere to its carbon emission reduction 
 pledges. 


The  forecasting  CO2  emissions  of  China's  energy 
 system, driven by the EI, are displayed in Fig.2. The most 
 striking  result  is  that  the  peak  of  CO2  emissions  from 
 China's energy system, which is 11663 million tons, will 
 happen  in  2028.  This  demonstrates  that  China  will 


successfully  meet  its  commitment  to  reduce  carbon 
 emissions and reach its peak before 2030. 


Fig.2 Forecasting results of China’s carbon emission 
 from 2011 to 2035 


It is noteworthy that the development of the EI is a 
 great guarantee for China to meet its carbon peak goal 
 sooner  than  expected.  For  one  thing,  with  the  rapid 
 development  of  digital  technology,  the  way  of  energy 
 consumption for companies and residents has changed. 


The consumption of electricity will increase from 284.82 
 million  tce  in  2022  to  3649.71  million  tce  in  2035, 
 whereas  the  consumption  of  fossil  fuels  will  decrease 
 from 4147.05 million tce to 3768.52 million tce over the 
 same  period.  For  another,  low-carbon  electricity 
 consumption will result from the development and use 
 of clean energy, which provides a way to achieve green 
 digitalization  and  makes  the  carbon  emissions  of 
 digitalization no longer a problem.  As we can see from 
 Fig.3, as the EI becomes more digitalized, the electricity 
 consumption of data centers will increase rapidly, while 
 the carbon emissions of data centers will experience an 
 inverted U shape and peak in 2028 as well. 


Fig.3 Digitalization and its energy consumption



(4)5. CONCLUSION 


While China is actively advancing the digitalization of 
 the  EI, attention has also turned to the  issue  that  how 
 much  energy  digital  technology  consumes.  This  paper 
 establishes  a  comprehensive  evaluation  index  of  the 
 digitalization of China’s EI by the entropy method. Then, 
 a  system  dynamics  model  containing  the  digitalization 
 subsystem,  energy  production  subsystem,  energy 
 consumption  systems  and  environment  subsystem  is 
 established  to  simulate  the  environmental  benefits  of 
 China’s  Energy  Internet  for  the  energy  system.  The 
 simulation results suggest that: 


(1)  The  peak  of  CO2  emissions  from  China's  energy 
 system  is expected to be 11663 million tons and it will 
 occur  in  2028.  China  will  undoubtedly  adhere  to  its 
 commitment  to  reduce  carbon  emissions  and  reach  its 
 peak before 2030. 


(2) An effective assurance that China will achieve its 
 carbon  peak  objective  earlier  than  anticipated  is  the 
 construction  of  the  Energy  Internet.  Deepening 
 digitization will decrease uncertainty in information flow 
 and  energy  flow,  revolutionize  how  people  and 
 industries  use  energy,  and  increase  the  share  of 
 electricity  consumed  by  energy  terminals.  At  the  same 
 time,  thermal  power  generation  will  significantly 
 decrease due to the rapid development of clean energy 
 promoted by the Energy Internet, which will encourage 
 power  consumption  and  digitalization  to  be  green  and 
 low-carbon. 


In  summary,  the  rapid  construction  of  China's  EI 
 provides  a  guarantee  for  increasing  China's  economic 
 growth and achieving carbon emission targets. The deep 
 integration  of  digital  technology  and  industry  will 
 promote the industry to carry out an all-around and fully 
 connected  upgrade  and  transformation,  reduce  fossil 
 energy  and  resource  consumption,  and  achieve  double 
 improvement  of  production  efficiency  and  carbon 
 efficiency.  When  digital  technology  and  clean  energy 
 continue to penetrate and integrate, the Energy Internet 
 may  be  one  of  the  effective  tools  to  promote  the 
 decoupling of economic growth and carbon emissions. 


ACKNOWLEDGEMENT 


This  work  is  supported  by  the  science  and  technology 
 project  of  State  Grid  Corporation  (No.  1400-
 202157214A-0-0-00) 


REFERENCE 


[1] Wang K, Yu J, Yu Y, Qian Y, Zeng D, Guo S, Xiang Y, Wu 
 J. A survey on energy internet: Architecture,  approach, 
 and emerging technologies. IEEE systems journal, 2017; 


12(3): 2403-2416. DOI: 10.1109/JSYST.2016.2639820.   


[2]  Rifkin  J.  The  third  industrial  revolution:  how  lateral 
 power  is  transforming  energy,  the  economy,  and  the 
 world. New York: Macmillan; 2011. 


[3] International Energy Agency (IEA). Digitalisation and 
 Energy,  https://www.iea.org/reports/digitalisation-and-
 energy; 2017 [accessed 26 September 2022].   


[4] Røpke I, Christensen T.H, Jensen J.O. Information and 
 communication  technologies  –  a  new  round  of 
 household  electrification.  Energy  Policy,  2010;  38  (4): 


1764–1773. 


[5]  Røpke  I,  Christensen  T.H.  Energy  impacts  of  ICT – 
 insights  from  an  everyday  life  perspective.  Telematics 
 and Informatics, 2012; 29(4): 348-361. 


[6]  Berkhout  F,  Hertin  J.  Impacts  of  information  and 
 communication  technologies  on  environmental 
 sustainability: Speculations and evidence. Report to the 
 OECD, Brighton, 2001, 21 


[7] Liu, H, Yang Y. Informatization and Carbon Intensity in 
 China:  An  Empirical  Analysis  Based  on  China  Provincial 
 Panel  Data.  Science  and  Technology  Management 
 Research, 2018; 38: 226-33. 


[8] Takase K, Murota Y. The impact of IT investment on 
 energy: Japan and US comparison in 2010. Energy Policy, 
 2004; 32(11): 1291-1301.https://doi.org/10.1016/S030 
 1-4215(03)00097-1 


[9]  Sadorsky  P.  Information  communication  technology 
 and  electricity  consumption  in  emerging  economies. 


Energy Policy, 2012; 48: 130-136. 


[10] Han B, Wang D, Ding W, Han L. Effect of information 
 and communication technology on energy consumption 
 in  China.  Natural  Hazards,  2016;  84(1):  297-315. 


https://doi.org/10.1007/s11069-016-2188-1. 


[11] Pratt R G, Balducci P J, Gerkensmeyer C, Katipamula 
 S,  Kintner-Meyer  MCW,  Sanquist  TF,  Schneider  KP, 
 Secrest TJ. The smart grid: An estimation of the energy 
 and CO2 benefits, Pacific Northwest National Lab.(PNNL), 
 Richland,  WA  (United  States),  2010. 


https://doi.org/10.2172/971445 


[12] Ding T, Chen L, Bie C, Du P，  Fan Z, Zou Z, Yang Y, 
 Wu  Z,  Xu  Y,  Tang  B.  Review  of  energy  internet  and  its 
 operation. Proceedings of the CSEE, 2018; 38(15): 4318-
 4328. 


[13] Joseph A, Balachandra P. Energy internet, the future 
 electricity system: Overview,  concept, model structure, 
 and  mechanism.  Energies,  2020;13(16):  4242. 


https://doi.org/10.3390/en13164242 


[14] Pan, A, Pan L, Zhao T, Zhang D. A Practicable Design 
 of  Energy  Internet  Compatible  with  Current  Power 
 Supply  System,  https://www.ciredrepository.org/hand-
 le/20.500.12455/1113;  2018  [accessed  29  September 
 2022]. 


[15] Zhao, Q, Feng J, Jin Y, Wang X, Tan X. Assessment of 
Environmental Benefits under the Background of Global 



(5)Energy  Interconnection.  Journal  of  Global  Energy 
 Interconnection, 2018;(1): 257-62. 


[16]  Ouyang  Z,  Shi  Z,  Shi  M,  Yang  D,  and  Long  R. 


Challenges  and  Countermeasures  of  "Carbon  Peak  and 
 Carbon  Neutrality.  Journal  of  Hebei  University  of 
 Economics  and  Business,  2021;  (42):  1-11.  DOI: 


10.14178/j.cnki.issn1007-2101.20210826.001. 


[17]  National  Development  and  Reform  Commission. 


Guidance on promoting the development of "Internet +" 


intelligent energy, http://www.nea.gov.cn/2016-02/29/ 


c_135141026.htm; 2016 [accessed 27 August 2022]. 


[18]  Kabalci,  Y.;  Kabalci,  E.;  Padmanaban,  S.;  Holm-
 Nielsen, J.B.; Blaabjerg, F. Internet of Things Applications 
 as  Energy  Internet  in  Smart  Grids  and  Smart 
 Environments.  Electronics,  2019;  8,  972. 


https://doi.org/10.3390/electronics8090972 


[19]  Chen,  X,  Hu,  D,  Cao,  W,  Liang,  W,  XU,  X,  TANG  X, 
 WANG  Y.  Path  of  Digital  Technology  Promoting 
 Realization of Carbon Neutrality Goal in China’s Energy 
 Industry. Bulletin of Chinese Academy of Sciences, 2021; 


36(9), 1019-1029. DOI:https://doi.org/10.16418/j.issn. 1 
 000-3045.20210807004. 


[20]  Qudrat-Ullah  H.  Understanding  the  dynamics  of 
 electricity  generation  capacity  in  Canada:  A  system 
 dynamics  approach.  Energy,  2013,  59:  285-294. 


https://doi.org/10.1016/j.energy.2013.07.029. 


[21] Xiao, S, Dong H, Geng Y, Tian X, Liu C, and Li H. Policy 
impacts  on  Municipal  Solid  Waste  management  in 
Shanghai: A system dynamics model analysis. Journal of 
Cleaner Production, 2020; 7(262): 121366. https://doi.or   
g/10.1016/j.jclepro.2020.121366. 





    
  




      
      
        
      


            
    
        Referencer

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Hent nu ( PDF - 5 Sider - 538.93 KB )
            

      


      
      
        
  RELATEREDE DOKUMENTER

  
    
      
          
        
            As demonstrated in the rich international literature on the topic, modernist mass housing epitomised this development
        
      

        During  the  1970s,  Danish  mass  media  recurrently  portrayed  mass  housing  estates  as  signifiers  of  social  problems  in  the  otherwise  increasingl   affluent  anish

    
      
          
        
            [odourunits / hour]
        
      

        Energy efficiency must not compromise product quality New technology inventions of heat exchangers and heat  pumps will bring further possibilities to recover energy and 

    
      
          
        
            EaaS: Electricity as a Service?
        
      

        transition in the energy industry: “What types of value  creation and value capture opportunities emerge at  the  level of the ecosystem, as the energy and smart  grid industry

    
      
          
        
            Aalborg Universitet CORE – Coordinated operation of integrated energy systems
        
      

        Having individual heat  storage  technologies  in  connection  with  the  heat  pumps  and  solar  thermal  can  reduce  the  biomass  consumption of the energy system but only up to

    
      
          
        
            HedeDanmark Analysis of potential activity increase on the German Energy Market
        
      

        The below chapter will look at the economic macro environment in the German energy industry and  will enter into a more in-depth discussion of the economic pro’s and con’s of the

    
      
          
        
            The Decomposition of Innovation in Europe and China’s Catch- Up in Wind Power Technology
        
      

        The wind energy industry was chosen to explore the role of KIBS in the decomposition process  and the sector’s changing global geography – specifically whether and through

    
      
          
        
            Interconnection of the electricity and heating sectors to support the energy transition in cities
        
      

        Local integration of the electricity and heating sectors in  the city energy system presents, to some extent, a viable  alternative to expansion of the connection capacity to the

    
      
          
        
            Energy Concept 2030
        
      

        The energy agreement analyses indicate that the gas system  and RE gas 4  can be important instruments for ensuring security  of supply and integration of energy from biomass

      



      

    

    
            
            
      
  RELATEREDE DOKUMENTER

  
          
        
    
        
    
    
        
            Implementing Unit Financial Support Technical Support
        
        
            
                
                    
                    28
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The One and the Many: A Study in Music Fandom and Self
        
        
            
                
                    
                    104
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            SUSTAINABLE INDUSTRIES
        
        
            
                
                    
                    28
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Collaborative partnership on the development of tools to promote personalized communication about everyday technology. Results from a pilot study.: Brugerinvolverende redskab til dialog om teknologi, Resultater fra en pilottest
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The One and the Many: A Study in Music Fandom and Self
        
        
            
                
                    
                    104
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Internationale klimaforhandlinger - status efter COP-17 i Durban, Sydafrika
        
        
            
                
                    
                    58
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Udviklingen af kynisme fra politistuderende til betjent Fokus på kynismens delaspekter og arbejdsmæssige faktorer
        
        
            
                
                    
                    17
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Erhvervslivets spidser – forbindelser til ledere i øvrige toneangivende sektorer
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             Om os
          
	
            Sitemap

          


      

      
        Kontakt  &  Hjælp

        	
             Kontakt os
          
	
             Feedback
          


      

      
        Juridisk

        	
             Vilkår for brug
          
	
             Politik
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Få vores gratis apps

        	
              
                
              
            


      

    

    
      
        
          Skoler
          
            
          
          Emner
                  

        
          
                        Sprog:
            
              Dansk
              
                
              
            
          

          Copyright 9pdf.org © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


