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Introduction

> Global industry: >1/3rd of global final energy demand
> Key strategies = renewables & energy efficiency (EE)

Agriculture
2%

Commercial Non-specified

8%

> Rate of EE increase still very low (IEA 2016)

Industry
Residential 37%

22%
> Heterogeneity and complexity of processes 2 EE \
indicators, a challenge (IEA 2016)

Global final energy demand in 2015
» Limited research on EE opportunities in high value- (IEA 2017)

added ind. sector (Jdrvinen 2017)
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Introduction — Case of the Swiss industry

> Paris Agreement = essential to: Targets for industry sector
180 A

n assess current state of ind. sectors Lo

by country (EU 2016)

140 ~

120 {4 —Final energy targets - POM
—Final energy targets - NEP
100 1 —Electricity targets - POM

—Electricity targets - NEP

» 1dentify high-impact areas and

EE measures (IEA 2016)

Projected final energy demand (PJ)

80 -
60 - ﬂ
» Transition from traditional to high- 40 1
value manufac. (SWI, 2017) Tl 005 am0 a5 200 20 20w 205 2050
> Energy strategy 2050 Prognos (2012)

> CO, levy & elec. grid surcharge (KEV) = real experience data
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Central research question and goals

What are the economically viable energy efficiency improvement opportunities in a

high value-added industry sector?

> Develop a bottom-up model for techno-economic assessment of energy saving
potentials in Swiss industry (sectors and industrial systems) based on real experience

> Evaluate the economic viability of existing and emerging innovative EE measures

> Identify which parameters influence the economic viability of the EE measures and to

which extent
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Heat integration in multi-product batch process

TS1 TS2 o TS4 TS5 TS6 TS7
| .H
4—>¢>§<—>4—>4—>4—>

Summer Washing machine 1

> Pinch analysis = A micro-

|

Washing machine 2
Washing machine 3&4
Dyeing machines 1-6

level case study on heat

Dryer 1

i

integration in a textile plant Dryer 2

|

Dryer 3

Dryer 4

|

Finishing machine

» Manufactures several high Ventilation (summer)

District heating (summer)

Value'added fabl’iCS in batCh- District heating (constant throughout the year)

Utilities

2 4 6 8 10 12 14 16 18 20 22 24
No. of operating hours in a day

O A

mode

> Approach: First optimize for Direct heat recovery (DHR) and then for indirect heat

recovery (IHR) using thermal energy storage (TES) = Software tool: PinCH 3.0
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Results of the pinch analysis for summer

Time Pinch Max. heat Heat No. of Hot Cold

slices temp. recovery  transfer units  utility  utility
arca
hours °C kW m? kW kW
<% 27 1754 1399 52 2524 A3/
6-8 27 1754 1367 51 2524 406 . TTTTReeee
8-9 27 1568 1161 49 2576 406 s —m—r >
9-11 27 1272 1000 37 2570 324 500 Fog e
11-14 27 1265 965 30 2564 261 O
14-19 27 1079 822 28 2616 261 e b
19-24 27 785 618 25 2911 240 300 R R N
250
|-l
°:200
150
100
50
0
-50 ' . L L :

-500 500 1500 2500 3500 4500

H [kW]
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Heat exchanger network de51gn for DHR

Time slices Design HR HT area No. of units % of max. potential
hours kW m? P

0-6 1333 750 16 76%

6-8 1333 750 16 76% DHR =85 GJ/day
8-9 1149 634 14 73% =25% of the daily
9-11 1005 565 12 79% thermal energy

11-14 1005 565 12 79% demand of the overall
14-19 820 424 10 76% process

19-24 69%
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Heat exchanger and storage network design for IH
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Introduction Heat integration Process electrification Specific cost curves

#) UNIVERSITE
Y DE GENEVE




Excess heatmap of Swiss ind.

a) Total excess heat
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Process electrification - Low pressure evap. & vapor comp.

Schematics of steam generation by LPE&VC

Pressure enthalpy diagram (Bless et al. 2017)
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Process electrification - HTTHP and economics

High temp. heat pump — HTHP (Bless et al. 2017)  Specific costs for steam generation technologies
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Sector- & system-specific EE cost curves
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EE cost curve for the overall Swiss industry
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Contribution to ES 2050 targets

Overall  Overall | Contribution of the
potential economic | economic potential to
identified potential indicative targets

2035 2050
Final energy savings
Total inv. 19% 57% 39%

22%
Energy rel. inv. @ @ 56%
Electricity savings
Total inv. 179 13% 53% 41%
Energy rel. inv. i @ @ 50%
S — S —
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