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Defossilizing industry : thematics
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cPrL Energy efficiency: understanding the use of energy

Audit : flows & energy

Energy
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Storage Storage
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FIGURE 2.1—Mass and energy flows of the main units

Total Electricity: 3020 [MWh] and total Heat: 18214 [MWh]
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Unit Operation energetics : Heat transfer Interfaces
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Same unit operation : different heating and cooling profiles
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Heat recovery and heat cascade

Corrected Temperature [°C]
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- Corrected temperature T* =T +/—(ATy,i1/2)
= Graphical plot of the heat cascade : [ Rr, T*] r=1,n,

Composite Curves Grand Composite Curve
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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.
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Closing the energy balance t

Thermal Exergy of Integrated Utilities
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Integrating heat pumps from heat source to heat sink s

t T Savings Hot Utility = Cli-eat * (Osource + E+) - C:lec -ET

~ ~

Flow activated by pinch points E._|_ . . + 1 Tsink o Tsource
= Usink * ' ~
Ncarnot T..
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L
|

all= = ~
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Miss placed heat pumps : above or below the pinch o

1 T  Saving Hot Utility = E*

Q- +E*
- / Electric heater

Above pinch point E* q

: Electric heater of the environment
Below pinch point Et ‘
|

»
»

Saving Cold Utility =-E™
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Identify temperature levels

Temperature levels > Multi-stage heat pumps

Grand Composite Curve
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Heat pumps and waste heat valorisation
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Heat pump + ORC
e Superstructure
e Fluids
e Turbines
e Optimisation

Kermani et al., Applied Energy, 2019




Heat pump integration : problem statement v

A.S. Wallerand 2018. EPFL Thesis

-Heat pump type ?
-\Working fluid ?
- Operating conditions ?
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- Flash drums ?
- Compressor types ? NI A
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Systematic approach: superstructure optimisation
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[1] Wallerand et al. 2018
[2] A.S. Wallerand. EPFL Thesis, Lausanne
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Systematic approach: superstructure model
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Fluid data base .

working fluids and their thermo-physical properties
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Technology data base : compressors

Positive displacement
,-—'_______— kR
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Co mpressor types
/

Raclp ing/

Dlaphragm (mambrane)} [Crankshaﬁj

Figure 2: Tree diagram of compressor types, adapted from Wikipedia [8] with inspiration from Favrat [9].

Novel technologies are marked with asterisk ().
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Optimisation to select and calculate flows in the system
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Operating cost

min 02 @+ C+Et—C, FE-
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System Integration results
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Thermal Exergy of Integrated Utilities
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Conclusions : industrial heat pump integration
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= 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
i
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