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INDUSTRIAL ENERGY SYSTEMS

ENERGY CONVERSION SYSTEM

ELFIE MECHAUSSIE
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TODAY’S PLANNING 2

• How to analyse the energy consumption of an industrial system?


• close balances: energy, mass, atomic


• identify and quantify losses 


• calculate energy bill


• How to improve the system’s efficiency?


• locate losses


• propose improvement options
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BEER PASTEURISATION
SYSTEM UNDER STUDY 3
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.
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WHERE IS ENERGY ENTERING THE SYSTEM? 4
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

concentrated

beer

water
beer

BEER PASTEURISATION



ADVANCED ENERGETICS | 2021

ENERGY CONVERSION
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BEER PASTEURISATION
SYSTEM UNDER STUDY 6
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

Steam cycle (steam network)Boiler

Refrigeration cycle

Glycolic 
cycle
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UTILITIES 7

• Resources: 


• natural gas, coal, electricity, waste fuels, cooling water


• Distributed energy: utilities in between the process and the final 
energy source/sink


• hot: steam, hot oil, hot water


• cold: glycolic water, hot water


• energy conversion units: boilers, cogeneration units


• distribution system: networks
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PROCESS UNIT OPERATION 8
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

1

23
4
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• Mixers/splitters


• Heat exchangers

IDENTIFYING ENERGY REQUIREMENTS
PROCESS UNITS (BEER PASTEURISATION) 9

cold stream

hot stream

‣ mass balance:

‣ heat balance (non isothermal mixing):

cpi =
nc,i

∑
c=1

xc,i ⋅ cpc

·m3 ⋅ xc,3 = ·m1 ⋅ xc,1 + ·m2 ⋅ xc,2 ∀c ∈ nc

·m3 ⋅ cp3 ⋅ (T3 − Tref ) = ·m1 ⋅ cp1 ⋅ (T1 − Tref ) + ·m2 ⋅ cp2 ⋅ (T2 − Tref )

·m3 ⋅ h3 = ·m1 ⋅ h1 + ·m2 ⋅ h2
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STEAM NETWORK 10

!h

�����������	


��
�

���������


����������������

��������

�����
������

����
�������������

��
��

���

 �����!
"��

#��!��

�$	
 %$	


�&&�'(�)

#���

��������������

#���

��!����

�����

�!*+�!�+�,����

�(	


$	


�$	


��	


��(	

�-$����

�	

�$-.���/�

�$�	


0-(	

�'-����/�

1(	


�1-1	

.-%��

�1�	

�(�� %((	


2%��%)

0$��
$((�	


�&&����()

����!������%)

!������3��()

��(�	

�-$����

�

�����+*+!�

.����

Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

Steam cycle (steam network)
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GENERAL ARCHITECTURE
STEAM NETWORK 11

Boiler 
Cogeneration unit

HP steam

condensates

flash

deaeratordegasser

process

process

process

flash

make-up 
water

MP steam

LP steam

losses

losses

losses
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7

T

s

T-S DIAGRAM OF WATER
STEAM CYCLE 12
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

1

23

4

8 9

9.2

9.3

10

1112

7
7.2

9-11

12
evap (Phigh)

• MiniRefprop: h7 = 3440 kJ/kg

s7 = 7.032 kJ/kgK

• turbine isentropic efficiency: 

8

• turbine/pump:

cond (Plow)

E1
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STATE VARIABLES  -  MINIREFPROP 
WATER PROPERTIES (+ OTHER FLUIDS) 13
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STATE VARIABLES  -  WEBSITE 
WATER PROPERTIES 14

http://www.peacesoftware.de/einigewerte/wasser_dampf_e.html

http://www.peacesoftware.de/einigewerte/wasser_dampf_e.html
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STATE VARIABLES  -  ROSMOSE 
WATER PROPERTIES 15
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BOILER 16
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

Boiler
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EQUATION
COMBUSTION 17

• general equation for HC stoichiometric combustion with O2:

• Air: = O2 21% and N2 79% (molar%)


• excess O2 in fumes —> excess air 𝜆
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MOLAR QUANTITIES
COMBUSTION 18

• specific heat of fumes:

Cp’s to be found in tables
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ENERGY AND MASS BALANCES WITH TAD

BOILER 19

Air
combustion
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ENERGE AND MASS BALANCES WITHOUT TAD

BOILER 20

• Air-Fuel Ratio:
Air

combustion

xx

x

x

xx

x

• In exercise: 4 equations for 4 unknowns
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REFRIGERATION CYCLE 21
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.

2

Process unit operation (Beer pasteurisation)

Refrigeration cycle

Glycolic 
cycle 13

14

456

E3

E2
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REFRIGERATION CYCLE 22
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Figure 1: Process flow diagram of the beer pasteurisation process

3 Questions
1. Calculate the mass and energy balances of the process;

2. Calculate the exergy losses in different process operations and comment on those losses;

3. Draw a Sankey diagram;

4. Calculate the exergy efficiency of the system;

5. Suggest process modifications to reduce exergy losses.
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18

1716

15

T

s

15
evap (Plow)

cond (Phigh)17

18

isenthalpic 
expansion

non isentropic 

compression 16

• compressor isentropic efficiency: 

• compressor:

• CoolPack: Ammonia  = R717
2019

E3

E4
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• Energy costs:


• Electricity sales income:


• Total energy bill:

ENERGY BILL 23


