Accepted Manuscript

ENERSGY

Energy, exergy and advanced exergy analysis of a milk processing factory

Fabian Buhler, Tuong-Van Nguyen, Jonas Kjeer Jensen, Fridolin Miller Holm, Brian
Elmegaard

Pl S0360-5442(18)31549-4
DOI: 10.1016/j.energy.2018.08.029
Reference: EGY 13505

To appearin:  Energy

Received Date: 20 April 2018
Revised Date: 31 July 2018
Accepted Date: 4 August 2018

Please cite this article as: Buhler F, Nguyen T-V, Jensen JonasKjee, Holm FridolinM{, EImegaard B,
Energy, exergy and advanced exergy analysis of a milk processing factory, Energy (2018), doi: 10.1016/
j-energy.2018.08.029.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.energy.2018.08.029

Energy, Exergy and Advanced Exergy Analysis of a
Milk Processing Factory

Fabian Biihler®*, Tuong-Van Nguyen®, Jonas Kjeer Jensen®, Fridolin Miiller
HolmP, Brian Elmegaard?®

% Technical University of Denmark, Department of Mechanical Engineering, Nils Koppels
Allé, Building 403, 2800 Kgs. Lyngby, Denmark
bViegand Maagge A/S, Nr. Farimagsgade 37, 1364 Copenhagen, Denmark

Abstract

Energy, exergy and advanced exergy methods were used to analyse a milk pow-
der production facility. While a conventional energy analysis is used to map the
energy flows and to suggest possibilities for process integration through pinch
analysis, an exergy analysis identifies the locations and magnitudes of ther-
modynamic irreversibilities. The advanced exergy analysis determines the real
potential for thermodynamic improvements by dividing the exergy destruction
into its avoidable and unavoidable parts, which relate to technological limita-
tions, and into its endogenous and exogenous parts, which present the inter-
actions between the different sub-systems. This analysis was based on factory
data with which the complete production line (milk treatment, evaporators and
dryers) and the utility systems were modelled. The results show the potential
for optimisation and a comparison of the applicability of the different methods
to the dairy industry. The pinch analysis and energy mapping showed that the
potential for heat integration was small. The exergy analysis revealed the gas
burner and spray dryer caused most exergy destruction, while the heaters had
low exergy efficiencies. The advanced exergy analysis found the evaporators to
have a high share of avoidable exergy destruction. However not all results from
the advanced exergy analysis were practical.
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