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Supplement. Flow sheet of investigation. 
 
 

1. Estimation of heat lost in typical IES with ACh 
Input:  

Gas Engine JMS 420.  
Temperatures of hot water:  
thwGEout = thwAin  (outlet of GE, inlet of АCh); 
thwAout , °C – outlet of АCh; 
thwGEin  – inlet of GE, after emergency radiator. 
Gw  – hot water flow rate, kg/s.  
cw  – heat capacity of hot water, kJ/kg.  

Heat balances.  
Available heat generated by GE:  

Qh = Gw cw (thwGEout – thwGEin ). 
Heat transformed to refrigeration in ACh:  

Qh.ACh = Gw cw (thwGEout – thwAout ). 
Heat lost through emergency radiator: 

Qh.lost = Gw cw (thwAout – thwGEin ). 
Output:  

Qh , Qh.ACh , Qh.lost. 

2. Estimation of thermodynamic efficiency 
of typical IES with ACh by traditional method 

Input:  
tamb , tin , Pеl , Bgas , Qgas , Qh.ACh . 
Qgas = Bgas LHV .  

Criteria: 
ηel = Pеl /Qgas  (electrical efficiency);  
ηh = Qh /Qgas  (heat efficiency);  
ηel+h = (Pеl +Qh )/Qgas  (overall efficiency). 

Output: 
ηel , ηh , ηel+h  

3. Estimation of thermodynamic efficiency 
of typical IES with AECh by improved method 

(ACh is integrated into IES) 
Input:  

tamb , tin , Pеl , Bgas , Qgas , Qh.ACh .  
Qh.IACh = Qh.ACh  (ACh integrated into IES).    
Qh.ACh = Qh  – Qh.lost .    

Proposed criteria:  
ηh.IACh = Qh.IACh /Qgas  (heat efficiency);  
ηel+h.IACh = (Pеl +Qh.IACh )/Qgas  (overall efficiency) 
or ηel+h.IACh = ηel + ηh.IAECh    

Output: 
ηh.IACh , ηel+IACh .  

4. Estimation of innovative IES with AECh by improved method 
Input:  

tamb , tin , Pеl , Qgas , Qh.ACh , Qh.lost , COPECh , COPACh .  
Qh.IACh =Qh.ACh  (ACh integrated into IES).  
Qh.ACh = Qh  – Qh.lost .  
ηel = Pеl /Qgas  (electrical efficiency).  

Proposed criteria:  
ηh.IACh = Qh.IACh /Qgas  (ACh).  
ηh.IECh = [Qh.lost COPECh /COPACh ]/Qgas  (ECh). 
Qh.IECh = Qh.lost COPECh /COPACh  (ECh).  
Qh.IAECh = Qh – Qh.lost (1– COPECh /COPACh ) for AECh. 
ηel+h.IAECh = (Pеl +Qh.IAECh )/Qgas  
or ηel+h.IAECh = ηel + ηh.IAECh  (overall efficiency of AECh).  

Output: 
ηel , ηh.IAECh , ηel+h.IAECh (IES with AECh);  
ηh.ACh , ηel+h.ACh  (typical IES with ACh) 

5. Innovative IES with engine intake air cooing (inc) 
 

Input:  
tamb , tin , Pеl , Qgas , Qh.ACh , COPECh , COPACh .  
Qh.IACh =Qh.ACh ; Qh.ACh = Qh  – Qh.lost . 
Qh.IAECh.inc = Qh.IACh . 
Qgas.inc = Bgas.inc LHV .  
Bgas.inc  = f(tin , Qh.IECh ). 

Proposed criteria:  
ηh.IAECh.inc = Qh.IACh /Qgas.inc ;  
ηel.inc = Pеl /Qgas.inc ;  
ηel+h.IAECh.inc = (Pеl +Qh.IACh )/Qgas.inc ; 
or ηel+h.IAECh.inc = ηel.inc + ηh.IAECh.inc . 

Output: 
ηel.inc , ηh.IAECh.inc , ηel+h.IAECh.inc  


