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Energy efficiency : understanding the use of energy 3

Audit : flows & energy Recovery Conversion

• Heat pumps

• MVR

• Cogeneration

• Waste - Water

Heat exchangers

Heat recovery targeting



▪ Same unit operation : different heating and cooling profiles

Unit Operation energetics : Heat transfer Interfaces 4
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▪ Corrected temperature 𝑇∗ = 𝑇 +/−(Δ𝑇𝑚𝑖𝑛/2)
▪ Graphical plot of the heat cascade : [ Rr, T*r] r=1,nr

Heat recovery and heat cascade 8

The Grand composite is the heat cascade representation in the corrected temperature domain. it represents the flow of energy in the system 

from higher temperatures to lower temperature. Above the pinch point is also represents the heat-temperature profile of the heat to be 

supplied to the system and below the pinch it represents the heat-temperature profile of the heat available in the process and to be removed 

from the system.



Closing the energy balance 10

Burning fuel

Cooling Towers

Refrigeration

Natural Gas 3745 kW

741 kgCO2/h

68.6 kWe

85.2 kWe



Integrating heat pumps from heat source to heat sink 11
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Miss placed heat pumps : above or below the pinch 12
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Identify temperature levels 15

Multi-stage heat pumpsTemperature levels



Heat pumps and waste heat valorisation 16

Heat pump + ORC
• Superstructure
• Fluids
• Turbines
• Optimisation

Kermani et al., Applied Energy, 2019

Savings = 50% steam
No electricity penalty



A.S. Wallerand 2018. EPFL Thesis

Heat pump integration : problem statement 17

▪Heat pump type ?

▪Working fluid ?

▪Operating conditions ?

▪Multi-stage compression / 
expansion ?

▪Subcooling/preheating ?

▪Flash drums ?

▪Compressor types ?

All adapted from: Del Nogal et al. (2008)



[1] Wallerand et al. 2018

[2] A.S. Wallerand. EPFL Thesis, Lausanne

Systematic approach: superstructure optimisation 18

Computer aided process engineering

▪ Process and utility data

▪ Boundary conditions

▪ Objective functions (cost, 

emissions)

▪ Utility selection & sizing

▪ Heat pump design

▪ Optimal process 

integration 

Optimization



Systematic approach: superstructure model 19



Fluid data base 20

working fluids and their thermo-physical properties



Technology data base : compressors 21

[1] A.Wallerand, BFE 2019
[2] Kantor et al., ECOS proceedings, 2018

Cost function review



Optimisation to select and calculate flows in the system
22

Subject to : Heat cascade constraints

Electricity consumption Electricity production

Feasibility

Energy conversion Technology selection

Operating cost

Fixed maintenance

Investment



System integration results 23

Natural gas : 643.9 kW (x 0.17)
Biogas max available : 2300 kW
CO2 emissions : 127 tCO2/h (x 0.17)

Heat pump 1 : 408.6 kWe

Refrigeration :38.5 kWe

Heat pump2 : 44.1 kWe

Cooling Tower : 38.5 kWe

Electricity : 243 kWe (x 1.5)

Cogen Engine : 258 kWe 

Carnot Integrated Composite Curve before fluid selection



▪ Process integration of industrial heat pumps

▪ System pinch is the key => Heat transfer interfaces

▪ System boundaries

▪ integrate waste treatment and cities

▪ Heat pumps integrates with other utilities

▪ cogeneration - waste heat valorisation

▪ Renewable electricity => Heat storage and optimal strategic operation

▪ Methods

▪ System energetics analysis

▪ Heat transfer interfaces

▪ Grand composite => temperature levels

▪ Super-structure => fluids + system configuration for temperature levels

▪ Optimisation => selection and flows

▪ Integrated Carnot Composite Curves => exergy losses

Conclusions : industrial heat pump integration 24


