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Utility integration @@ et
* Initial screening: using MILP subprocess from Wallerand et al. 2019 for HP integration.
* For each process thermal profile, 1,000 samples were created with various
combinations of two compressor types (>12 types) and two fluid types (>14 types).
* |n each run of the MILP, the total annualized costs (TAC) are minimized.

0.) Data collection and screening 1.) Heat pump & refrigeration design 2.) Hot & cold utility design

Analysis of thermodynamic requirements of the Design of the of the heat pump and refrigeration Design of the hot and cold utility system above and below the Pinch temperature

process with aid of Pinch analysis. respectively i
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v" Heat recovery (HR)

v’ Direct efficiency improvement measures:
= Heat pumping (HP): combined heating/cooling
= QOrganic Rankine Cycle (ORC)
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Innovative process design and
integration for Swiss industry sectors

Example: Cheese making industry
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Results of HP screening step selected and reference case

* The heat pump: approx. 50% of the hot utility = boiler (" = 33% emission {,

* Pay back time: 2.4 years
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sector / process specifications WISS annual consumption ec. consumpt. ving potenti:
S I pi pecificati Swiss (CH) al pti Sp p! Saving p jal
BAU® AMER®! Adirect® EO0%
Sector SFOENo. Process NOGA Electricity (EL) FUEL Flow rate EL FUEL EL FUEL EL FUEL
TIfy (% Total SFOE)  TI/y (% Total SFOE) | t/y MI/t M/t Yored  ored A%reg  AVrg | TR
1 Dairy 10.1501,3,.52 | 303%° (4%%)  524% (6% 2,021,983'° | 150" 25912 3%!2 29%'2 | -8!% 30%° | sty
1 Cheese 10.1502 13205 (2% 869%° (10%%4) | 188,806'° | 69815 4600 | 20%'7 30%!7 | -42%'® 22%!% | sedeode!?
Food & 1 Brewery 11.05 90% (1%%)  310%° (3%%%) 346,364 | 2601  894'? 15%'C  72%° | 3% 18%'d | drkrdy'e
beverage 1 Sugar 10.81 23505 (3%%) 1,436 (16%%) | 233,600 | 1,008'8 6,145" | N/AT®  N/A™M | 4501 423l | dedrd’®
1 Total (calc.)?® 10,11 761 (10%%) 3138 (35%%4) 9% 37 3% 32%
(8%)%  (30%)°?| (5%)°2  (30%)%
1 Total (SFOE)™ 10,11,12 7,381 (14%%) 9,108 (14%%) 1%%® 6% | 1% 10%®
3 Pulping (sulphite) ~ 17.11 (*) 14293 (B3%M) 647 (11%%) | 5394290 2,640°1 12,0003 | N/A 28%32 N/A b 2 &'l
3 Pulping (thermo- 17.11 (*)481%  (9%%)  (*)449% (8% 80,914% 5,950%"  5,550%1 | N/A 62%%2 N/A b ¢ ¢
Pulp & mechanical)
paper 3 Paper-making 17.12 3471% (68%) 56067 (96%™) | 1,042,355 | 3,330% 5378% | N/A  28%% N/A Aok
3 Total (calc.)%® 17.1 (*)3,471%  (68%%) (*)5,606% (96%"%) 28% = =
(22%)°%¢
3 Total (SFOE)®” 17,18 5,097 (10%%) 5,857 (9%%8) = 21%% | - i T h | S q ua I It a t | ve
4 Refining 19.2, 20 55595 (6% 11,605  (62%"™) | 3,626,640%° | 153" 3200 | 0%*  69%* N/A Aokt
Chemicals 4 Total (calc.)?® 19.2,20 55503 6%%)  11,605%  (62%™) 0% 62% N d | Cato rre I Ies OnN
(0%)%  (41%)%2
4 Total (SFOE)” 19,20,21 | 8,668 17%%) 18,799 (309%08) 0%® 2590 ex p e rt o p | n | on ( E O )
5 Dry process 23.51 1390% (83%%) 13,514%  (114%"™) | 3,860,000°° | 360°!  3,500°! | 0% = 0% 50%% 0% | Aveve®t .
Cement 5 Total (calc.)?® 23.51 1390%° (83%%4) 13,514%  (114%™) 0% 0% 50% 0% to J u d ge Safety
(0%)%  (0%)" | (15%)% (0%)%
.
5 Total (SFOE)®” 23.32, 2351, | 1,684 3%%) 11,806  (19%%) 0% 0ot | 12%%  oo0b con St rain t S h ea t
’
23.52
. .
7 EAF 24.10 3,691% (719%%) 3,003 (85%%) | 1,400,0007° | 2,6377' 22097' | 0%  87%2 | 23%73  0%73 | fevery™ t ra n Sfe r re St r| Ct | 0 n S
Steel 7 Total (calc.)® 24.10 3,691% (71%%)  3,093% (85%%4) 0% 87% 23% 0%
wom e ek and the maturity of
7 Total (SFOE)%7 24.10,.20,.31- | 4,049 (8%%) 3,589 (6%58) 0% golb | og0b 0%
34,.51-52 H H
required equipment.
8 Aluminum (2nd) 24.42 63% (5%%) 5320 (35%°) | 140,000%° | 450°'  3,800°' | 0%% = 52%% N/A fevee®
Non-ferrous met- g Total (calc.)% 24.42 63% (5%%) 53205 (35%%4) 0% 52%
als 0%)%  (5%)%
8 Total (SFOE)"” 24.41-.46 1,300 (3%%) 1,533 (2%%%) 0% 20,00
1,3-57,8 Total (calc.)’™ 10,11,17,19, | 10,491 (37%) 38,051 (75%) 1% 36% 27% 5%
Sector total 20,23,24 %)% (19%)°F | (6%)°F  (5%)°F
1,3-57,8 Total (SFOE)*® 10-12,17- 28,179 (55%) 50,782 (81%)
2324
1-12 Total (SFOE)%® 10-33 51,535 (100%) 62,795 (100%) 0% 11%% | 1%% 1%%

) QR pke
) ¢ i
Tk

: Technically very challenging realization (due to safety, technical maturity)

: Technically feasible, but with challenges to face

: Technically possible, even economically feasible
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Conclusion @@.

* Bottom-up modeling optimization approach

e Saving potential huge, strategies vary in sectors
 Electrification of industry

* Cost effective, mitigation effect significant

AMER Adirect Atotal

Sector Electricity Primary thermal Electricity Primary thermal Electricity Primary thermal

Opt. Techn. Cons. | Opt. Techn. Cons. | Opt. Techn. Cons. | Opt. Techn. Cons. | Opt. Techn. Cons. | Opt. Techn. Cons.
Food & beverage (1) 9% 8% 1% 37% 30% 10% 3% 5% 1% 32% 30% 10% 12% 13% 1% 69% 59% 16%
Pulp & paper (3) N/A 28% 22% 21% N/A N/A N/A 28% 22% 21%
Chemicals (4) 0% 69% 41% 25% N/A N/A 0% 69% 41% 25%
Cement (5) 0% 0% 50% 15% 12% 0% 50% 15% 12% 0%
Steel (7) 0% 87% 9% 8% 23% 2% 2% 0% 23% 2% 2% 87% 9% 8%
Non-ferrous metals (8) 0% 52% 5% 2% N/A N/A
Total industry (weighted) | 1% 1% 0% 36% 19% 11% 27% 6% 1% 5% 5% 1% 28% 7% 1 42%  24% 12%
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