PhD course in Energy, Systems, Territory and Constructions Engineering - XXXVII cycle

==DESTEC MEASURING, ASSESSING AND IMPROVING </ UNivERsiTA

DIPARTIMENTO DI INGEGNERIA

ENERGY PERFORMANCE IN INDUSTRY

DI PI1sSA

PhD Student: Lorenzo Miserocchi Supervisors: Prof. Alessandro Franco, Prof. Daniele Testi

RESEARCH PROBLEM

Measuring, assessing, and improving energy performance are three intertwined tasks for Hoad profiles
achieving energy efficiency targets in industry.

ASSESSMENT Benchmarking
A cross-sectoral approach aims to identify the different prospects, challenges, and solutions Mapping
that characterize non-energy-intensive, energy-consuming, and hard-to-abate sectors. o,fﬁﬁfz’;?fl,n
Bottom-up energy analyses must be conducted in relevant

_ Non-energy-intensive Hard-to-abate
contexts to uncover potentials on a large scale. AGRI GLASS

? MEASURING ENERGY PERFORMANCE 3 ASSESSING ENERGY PERFORMANCE

I Uscful energy Energy losses

Mapping energy flows along the energy |
chain allows to consider energy losses in ==
the systems involved, and the economic
and environmental impacts.

_________________________________________________________________________________________________

Energy system Manufacturing plant Product

Using multiple regression and cluster analysis, electricity
consumption and steam generation profiles are predicted to
within 10% accuracy at daily and hourly resolutions.

| Canopy absorption of PAR

The Identlfled patterns SuggeSt the pOSSIbIe Coupllng Of Primary energy Final energy Useful energy | Embeddedehergy
electric and thermal loads with renewable energy sources. ’

| Photosynthesis (with photorespiration) n=0.16
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The analysis of conversion efficiencies "=«
enables the comparison between

Electric indicators reveal interesting scale effects that can traditional agricultural techniques and .
help identify inefficient o  wowomonn 12l & s -smmo vertical farming. I —
operational regimes. E . 2" LEDs performance is comparable with I
Thermal indicators and " o that of sunlight and may be further CGuceicam 200
climatic influence require - o enhanced to approach current biological ' .
further research. e P e aucton limits of photosynthesis. B =

4 IMPROVING ENERGY PERFORMANCE
SELECTION

€emb = AhR + Cp,gl(TR _ Tin) + bCp,gas (TR - Tin)

For hard-to-abate sectors, the number of available measures iIs
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limited and a robust energy analysis for each context is not available. Jmgudt LHVy = (14 AFR)Gy g = (e + APREpa)Tin
Promising options are analyzed through simple yet powerful energy oo = ey LV = (A APRYE (T ~T) [ [V = Tudt) | LHV;
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balances to outline the most appropriate pathways. LV = (255 o T = T Fmade || LYy = 61+ 24FR) 5o (T = T

Economic assessment Multi-criteria assessment Proposed assessment Investment and O&M costs Energy -C(_)s:t_ Energy performance gap penalty

In the Context Of multi_Objective OptimizatiOn, En'lcen Eniicen Eniicen Low energy prices l\llftili\um energy prices \I:Iighenergyprices
assigning a penalty to the gap with best 7| reiees - | pantenery - | prtenery — 1_: ““““ ~ :, | j
practice shifts the optimal solution towards -——— T T Tl B ; I
25% reductions in energy consumption. ' e '

FUTURE WORK

« Miserocchi L, Franco A, Testi D. An integrated framework for energy performance improvement in
manufacturing: From mapping to optimization. Journal of Cleaner Production.

 Completion of the combinations of tasks and sectors

' I 1N_ " « Miserocchi L, Franco A, Testi D. Assessing Operational Variability in Food Factories: Implications for the
* SyntheSIS and review WOrk for IN depth anaIySIS Of taSk Energy Performance of a Dairy Plant. 18" SDEWES Conference.
and SeCtoraI CharaCteriStiCS * Franco A, Miserocchi L. Measuring Energy Use in Controlled Environment Agriculture. MetroAgriFor 2023.

* Focus on innovation in process energy requirements

* Ibn Batouta et al. (2023). Energy efficiency in the manufacturing industry — A tertiary review and a
conceptual knowledge-based framework. Energy Reports.
« Cai et al. (2022). A review on methods of energy performance improvement towards sustainable

manufacturing from perspectives of energy monitoring, evaluation, optimization and benchmarking.
Renewable and Sustainable Energy Reviews.
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