Podsumowanie i wnioski

W ramach analizy okreslono takze sprawnosci gléwnych elementéw ukladu ko-
generacji, jak i uktadu STUO. Obliczenia oparto na pozyskanej dokumentacji tech-
nicznej oraz wykonanym modelu symulacyjnym instalacji. Analizowane urzadze-
nia charakteryzowaly si¢ wysoka sprawnoscig/efekiywnoscia.  Najnizsza
efektywnosé wyznaczono dla wymiennika W1 w ukiadzie kogeneracji, wynosila
ona 34 %.

W wyniku przeprowadzonej analizy zasadna wydaje si¢g dalsza analiza ukladu
cieplnego pod wzgledem mozliwodci realizacji modyfikacji majacych na celu po-
prawg sprawnosci uktadu,

Z wstepnej analizy przykladowymi modyfikacjami pozwalajacymi na podniesie-
nie sprawnosei ukladu moga by¢:

o Czeséciowe zastapienie gazu zimnego biogazem w ukladzie STUO,

*  Wykorzystanie ciepla odpadowego (wysoka temperatura spalin, ciepto ni-
skotemperaturowe oddawane w chlodni), w dodatkowej suszarce osadéw
sciekowych.

¢ Przebudowa ukladu STUO (zabudowa nowego ekonomizera wraz z prze-
grzewaczem pary na wyze paramelry: temperatura , cisnienie) w celu za-
instalowania przeciwpreznej turbiny parowej na strumieniu pary kierowa-
nym do suszarki.

W celu oceny potencjatu poszezegdlnych modyfikacji konieczna jest pelna analiza
techniczno — ekonomiczna.
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Zatgczniki
Zalacznik 1 Wyniki szczegdélowe modelu

symulacyjnego

1. Kogeneratory dla mocy znamionowej
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Rysunek Z.1 Model symulacyjny ukladu kogeneratoréw
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Zaltaczniki

Tabela Z.1 Wiasciwodcl gazu/powietrza - czesé 1

Nr pkt T H* Mgas Mash v m':?:\?ra
bar o¢ k31/kg t/h t/h m?/s g/ maol
1 1,0132 15 -10,13 0,953 0 0.8 28,856
2 1,0292 490,42 519,06 1,035 o 2,2 28,587
6 1,0362 491,5 520,34 1,029 0 2,2 28,587
11 1,0132 170,02 165,84 1,035 0 1,3 28,587
14 1,0132 15 -10,13 0,958 0 0.8 28,856
15 1,0132 170,01 155,83 2,063 0 2,6 28,587
25 1,0132 170 155,82 1,029 0 1.3 28 587
H* to entalpia wlasciwa (0 przy 25°C, H20 w postaci pary}.
Tabela 22 Wiaiciwosci gazu/powigtrza - czesd 2
Skiad molowy, %
NT Pkt N: 0 R (o) (oo Ar S0;
77,292 20,738 0,03 1,009 0 0,931 0
2 70,939 8,208 8241 11,757 0 0,854 0
6 70,939 8,208 8,241 11,757 0 0,854 0
11 70,939 8,208 8,241 11,757 0 0,854 0
14 77,292 20,738 0,03 1,008 0 0,931 0
15 70,939 8,208 8,241 11,757 0 0,854 0
25 70,939 8,208 8,241 11,757 0 0,854 0
Tabela Z3 Wiasciwosci wody/pary
N pit T H* H M
bar °C kJ/kg kI/kg t/h
9 g 131 68  -2262,83 28466
10 10 +31 68  -2262,82 284,66
12 12 13,873 7941 -2214 333,49
13 13 1,02 9251 -2160 387,49
16 16 1,02 9281 -2158,71 388,78
22 22 1.3 68  -2262,83 284,66
23 23 1,114 79,05 -2216,52 330,97
24 24 1,02 922 21613 388,19
27 27 13,886 68,31 -2260,52 286,96
28 28 1,125 68  -2262,83 284,66

H* to entalpia wiasciwa (( przy 25°C, H20 w postaci pary),
H to entalpia wiasciwa (0 przy 0°C, H20 w postaci cieczy).
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Zataczniki

2. Kogeneratory dla zaniZzonej mocy
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Rysunek Z.2 Model symulacyjny ukfadu kogeneratoréw dla zanizenia mocy
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Zatgczniki

Tabela Z.1 Wiasciwosel gazu/powietrza - czesé 1

Nr pkt p T H* Mgas Mash v mh;?os\:a
bar °C kd/kg t/h t/h m3/s g/ mol
1 1,0132 15 -10,13 4,135 0 0,9 28,856
2 1,0258 451 47275 4,464 0 2,5 28,587
6 1,0502 451 472,75 4,464 ¢ 2,5 28,587
11 1,0132 120,58 102,26 4,464 0 1,4 28,587
14 1,0132 15 -10,13 4,135 0 0,9 28,856
15 1,0132 120,48 102,16 8,928 0 28 28,587
25 1,0132 120,39 102,06 4,464 0 1,4 28,587
H* to entalpia wlasciwa (0 przy 25°C, Hz0 w postaci pary),
Tabela 22 Wiasciwosci gazu/powietiza - czesé 2
Skiad molowy, %
NPkt N: 0: €o. (ga2) (cloca) Ar 502
1 77,292 20,738 0,03 1,009 0 0,931 0
2 70,939 8,208 8,241 11,757 0 0,854 0
70,939 8,208 8,241 11,757 0 0,854 0
11 70,839 8,208 8,241 11,757 0 0,854 0
14 77,292 20,738 0,03 1,009 0 0,931 0
15 70,939 8,208 8,241 11,757 0 0,854 0
25 70,939 8,208 8,241 11,757 ¢ 0,854 0
Tabela Z3 Wiadciwoéci wody/pary
Nr pkt T H* H M
bar °C ki/kg WIi/kg t/h
9 1,31 70 -225445 293,04 7145
10 131 70 225445 293,04 3573
12 1,51 79,05 -221656 330,99 3573
13 1,02 80 -2170,55 376,94 71,45
16 1,02 90 -2170,55 376,94 3573
22 131 70 -2254,45 29304 3573
23 1,206 79,05 -2216,52 33087 3573
24 1,02 90 -2170,55 376,94 3573
27 1,84 70,01 -225441 293,08 3573
28 123 70 -225445 293,04 3573

H* to entalpia wlasciwa (0 przy 25°C, H20 w postaci pary).
H to entalpia wlasciwa (0 przy 0°C, HaO w postadi cieczy).
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Zatgcrnikd

3. Stacja Termicznej Utylizacji Odpadow

Rysunek Z3. Model symulacyjny ukiadu STUO cz. L.
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Rysunek Z4. Model symulacyjny uktadu STUO cz. 11
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Zalaczniki

Tabela Z.4 Wiasciwosci gazu/powietrza - czesé 1

Nr pkt P T H* Mgas Mash v mb;?::!a

bar °C kl/kg t/h t/h m*/s g/mol

2 1,0132 192,45 211,26 581 0 8,7 25477

3 1,0157 229,78 262,06 5,53 0 9 25,327

7 1,0332 878 1193,6 5,53 0 20,2 25,327

8 1,098 649,3 675,61 3.8 4 9.3 28,636

9 1,0538 948,39 1303,87 5,53 o 21 25,327
10 1,0132 199,49 222,47 5,53 0 8.5 25,327
11 1,0207 570,53 731,71 5,53 0 15 25,327
12 1,0545 750 987,19 5,491 0 17,4 25,413
13 1,076 984,41 1346,6 5,491 0 21 25,413
17 1,11 41,2 16,68 38 0 3,1 28,536
22 1,076 649 675,27 3.8 0 9,5 28,536
35 1,0132 199,49 222,47 5,53 0 8,5 25,327
37 1,0132 16 -10,13 0,28 0 0.2 28,856

H* to entalpia wiasciwa (0} przy 25°C, H:0 w postaci pary).
Tabela 25 Wiasiciwosci gazu/powietrza - czeséé 2
Skiad molowy, %

Nrpit N2 0 co» agy (e Ar S0,
2 47,428 3,732 7.774 40,388 0 0,567 0,112
3 46,1 2,976 8,118 42,138 0 0,551 0117
7 46,1 2,976 8,118 42,138 0 0,551 0,117
8 75,008 20,125 0,029 3,935 0 0,903 0
9 46,1 2,976 8,118 42,138 0 0,551 0,117
10 46,1 2,976 8,118 42,138 0 0,551 0,117
11 46,1 2,976 8,118 42,138 0 0,651 0,117
12 46,548 5,066 7,149 40,563 0 0,557 0,118
13 46,548 5,066 7,149 40,563 0 0,567 0,118
17 75,008 20,125 0,029 3,935 0 0,903 0
22 75,008 20,128 0,029 3,935 0 0,903 0
35 46,1 2,976 8,118 42,138 0 0,551 0,117
37 77,292 20,738 0,03 1,009 0 0,931 0
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Zalgczniki

Tabela Z6 Wiasciwosci wody/pary

T H* H M
Nr pkt
bar °C k}/kg kl/kg t/h
1 B3 17409 22665 277414 0,129
4 83 174,09 22665 277414 1,262
5 0,934 90 -2170,56 37693 0,825
6 83 174,09 22665 2774,14 1133

—

5 9,486 171,83 -1819,88 727,61 0,954
16 10 133,28 -1986,72 560,77 1,274
18 10 171,94 -18198 727,69 0,954
19 9,624 177,78 226,65 277414 1,262
20 9,524 172,78 -1816,18 731,31 1,274
23 09131 9711 -214063 406,86 0,825
24 9,496 97,24 -213944 408,05 0,825
29 83 174,09 226,85 277414 0825
33 095 1488 226,65 277414 0,825
34 0,9 121 171,85 2719,34 0,314
38 24 50,8 -233471 212,78 18,55
38 2,601 508 -233468 21281 1855
39 2,601 508 -233468 21281 1855
40 2,55 80 -2212,43 335086 1855
41 25 74,1 -223778 310,31 18,55
42 09 1486 226,65 277414 0,308
43 09 107,89 14565 2693,14 0,614
44 09 112,32 164,62 2702,01 0,928
45 0,8824 558 -2313,92 233,57 0,928
46 3,235 75 -2233,34 31415 18,39
47 33 69,1 -2258,06 289,43 18,39
48 10135 25 -244264 104,85 0,006

H* to entalpia wlasciwa (0 przy 25°C, HaO w postaci pary).
H to entalpia wiasciwa (0 przy 0°C, 20 w postaci cieczy).
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Zalacznik 2 Szczegotowe wyniki modelowania
wymiennika W2
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Rysunek Z3. Szczegdtowe wyniki modelowania wymiennika W2,
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Zalacznik 3 Specyfikacja urzadzenia pomiarowego
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Part nuimber:
G4AB0T-0287
Copyright

@& 2013, FLIR Systems, Inc.

All rights resarved worddwide, Names and marks
appearing herein are cither registered trademarks or
frademarks of FLIR Syslems and/or its subsidiaries. Al
other rademarks, rade names or company names
reterenced herein are used for idanlification only and
are the preperty of their respeclive owners,

Colobr 17, 20135, 08:04 AR
Corporate Headquarters

FLIR Sysiems, Inc.

27700 SW Parkway Ave.
Wilsonville, OR 97070

ysa

Telephone: +1-503-498-3547

Webslte

hitp:/fwranv flir.com
Customer support
hitpAsupport.fir.com
Legat disclaimer

Speciicalions subject 1o change wilhout furher notice,
Camera models and accessories subject to regional
market considerations. License procedures may apply.

Information and equipment described herein may
roguire US Government aulhorization for oxponl
purposas. Diversion contrary 1o US law is prohibited.

tmaging and opilcal data

IR resolution

240 % 180 pixels

MSX resclution

320 x 240 pixels

Thermat sensitivily/NETD

< 0.05°C @ +30°C {+86°F) / 50 mK

Field of view (FOV) / Minimum focus distance

25° x 197/ G4 m (1.31 1)

Spatiaf resolution (IFOV) 1.82 mrad

Image frequency 80 Hz

Focus Manual

Zoom 2x and dx digital zoom, including panning

Focai Plane Atray (FPA) / Spectrat range

Uncoeled microbolometer / 7.5-13 um

image presentation

Display

Touch screen, 3.5 in. LCD, 320 x 240 pixels

Auto orientation

Automatic landscape or portrait

Image modes

IR image, visual image, MSX, picture in piclure, thumbnail
gallery

Multi Speciral Bynamic Imaging {(MSX)

iR image with enhanced detail presentation

Picture in Plcture

Scalable IR area on visual image

Measorement

Object lemparalure rangs

-20°C to +120°C (—4°F to 4-248°F)
O°C to +650°C (+32°T to +1202"F)

Accuracy

+2°C {£3.6°F) or +2% of reading, fer ambient temperature
10°C 16 35°C (+50°F 10 95°F)

Measurement analysis

Spotmeler

3

Area

3 hoxes with max./min./average

Autoratic holicold detection

Auto hot or cold spotmeter markers within area

Gifference temperature

Delta temperature belween measurement functions or refers
ence temperature

Emissivily correction

Variable from 0.01 to 1.0 or selecled from materials list

External optics/windows carrection

Automalic, based on inputs of opticsiwindow transmission
and temperature

Measurament corrections

Reflected temperature, optics fransmission and atmospher-
ic ransmission

Alarm

Color alarm

Aed above, Blue below ang Yellow interval
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Set-up

Color palatles

Arclic, Gray, lron, Lava, Rainbow and Rainbow HC

Set-up commands

Local adaplation of units, language, date and time lormats

Languages

21

Storage of images

Image slorage

Standard JPEG, inciuding measurement data, on memory
card

Imaga storage motds

Stmultaneous storage of images in iR, visual and MSX

Image annotations

Voice 60 seconds (via Bluetooth)
Text Texl frorm pradelined list or soll kayboard on louch screen
Metedink Wirelags connection (Bluslooth®) to:

FLIR meters with MeterLink

Report generation

= Flir Tools software sgecificaiy designed 1o provide an
easy way 1o create inspection reports. It is available on
the major platforms - Android, Windows, MacOS and
i0S,

Video recording in camera

Non-ragiometiic IR-video tecording

MPEG-4 16 memory card

Video sireaming

Radiomelric IR-video streaming

Full dynamic to PG using USE

Non-radiometric {R-vidae streaming

Uncompressed colorized video using US8

Diglial camera

Built-in digifal camera

3.1 Mpixel (2048 » 1536 pixels), and one LED tight

Built-in digital lens data

FGV 53" x 41°

Easer pointer

Lager

Activated by dedicated butlon

Laser alighment

Position is aulomatic displayed on the |3 image

Datla communication interfaces

Interfaces USB-mini, USB-A, Bluslooth, Wt-Fi, composile video
Bluetooth Commumization with headset and external sensors
Wi-Fi Peer to peer {(adhoc) or infrastructure (network)
use +  USBR-A Connect external USB device
«  USB Mini-B: Data transfer {o and from PC / Uncom-
pressed colorized video
Video out Composile
Radio
Wi-Fi Standard: 802.11 b/g
Frequency range: 24%2-2462 MHz
Max output power: 15 dBm
Bluateoth Frequency range: 2402-2480 MHz
Antennza Internal

Power system

Batlery

Li fon, 4 hours operating time

Charging system

In camera (A adapler or 12 V from a vehicle) or 2-bay
charger

Charging temperature

0°C to +45°C (+32°F to +113°F)

Power managemenf

Automatic shuldown and sleep made {user sefectable)
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Environmental data

Operating lemparalure range

~15°C o +50°C (+5°F to 4.122°F)

Storage temperature range

~40°C o 170°C (~-40°F to +158%F)

Humidity (operaling and storage)

ILC GOUGH-2-30/24 h 95% relative humidily +25°C 1o +40°C
(+77°F la +104°F) / 2 cyclos

EMC

ETStEN 301 48941 (ragio)

ETSI EN 301 489-17

IEN 61000-6-2 (Itnmunity)

EN £1000-6-3 {Emissicn)

FGC 47 GFR Part 15 8 (Emission)
ICES-(03

e e e

fadio spectrum

+  ETSIEN 300 328
«  [FCC Parl 15.247
+  [8S-214

Encapsuialion

tP 54 (IEC 60529)

Bump 25 g (FEC £0068-2-29)
Vibraticn 2 ¢ (EC 60068-2-6)
{rop 2m{G.61t)

Salety ENULICEAPSE G0950-1

Physical data

Camera weight, incl. batlery

0.880 kg (1,94 Ib.)

Camara size (L x W x H)

246 x 97 x 184 mm (9.7 x 3.8 x 7.2 in.)

Tripod mounting

UNC %20 (adapler needed)

Shipping information

Hard transpet! case

Infrared camera with lens
Batlery

FLIR Tools software
Handsirap

Memory card

Fower supply, incl, muli-plugs
Prinled documentation

USB cable

User documentation CD-ROM
Video cable

s 2 e 2 a m & x ¥ 3w

Packaging, weight

4.7 kg (10.36 1b.)

Packaging, size

500 x 350 % 180 mm (19.7 x 138 x 7.5 in.)

EAN-13

4743254001145

UpPG-i2

845188005177
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