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The Study of Energy Saving and Reducing CO2 Emission
by Applying Hydrogen-Oxygen in Boiler

Wen-chang Lin, Ying-fang Huang

Abstract

Currently boiler operation 1s focused on improving energy efficiency, reducing
energy consumption and reducing greenhouse gas emission. Improvement of boiler
efficiency to cope with the required gas volume in the process becomes an important
1ssue to achieve the optimization of energy consumption. Performance quantification 1s
the important result of potential evaluation and an index to improve the performance.
This research uses different fuel (heavy oil, diesel), designs special specification
combustion by using hydrogen mixed atomizing injection for combustion to provide
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boiler with thermal energy and test the energy saving efficiency. The waste gas emitted
by boiler seriously damages air quality, including HC, CO, CO2, NOx, Sox, etc. This
research inspects the emission changes of i1gnited waste gases produced by heavy oil,
diesel and different hydrogen oxygen. The result indicates that 1.5 ton steam boiler uses
heavy oil or diesel and introduces 7200L/hr of hydrogen oxygen, fuel cost of 1.5 ton
steam boiler saves from 17.6% to 19.1%. Reduction of waste gas emission 1s significant
by using heavy oil. Since hydrogen oxygen assists the complete combustion of fuel,
hydrogen oxygen tremendously decreases the emissions of CO, hydrocarbon and
particle pollutant at 74%, 94% and 94% respectively. Thus introduction of hydrogen
oxygen can effectively inhibit the emission of soot.

Key words: energy saving, reducing CO2 emission, boiler, bi-fuel, hydrogen fuel
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Q.ENPI = ™ EP-560A ;T?a?l%ﬁﬁj ’ ]%d&ﬁ; &+ 1800 L/hr

W | EREEE | 588 SENE | DEEE | BREE |BNEN | BNELE | BEERS | EESUSAES | S48ERT
(min) L £E ) | $HEQ (0 | BA® | femd L (7t BAGE) (%)
02058 28 28 05 139 61% 55 36 5264 1364 50%
21405 28 7 03 140 659% 55 3 6.1 137 4.6%
6053 28 28 0.5 140 6£.0% 55 38 54 1353 585
T 20 23 05 1397 66% 55 3863 363 1362 5%
fEaT 1 LAMEER © 1BSTRAT () AW SRIEHRALA)  EBNTHEEREEHE -
LSRR EOHEIRESS  MADSFECENESERMIRESRERAY - RV SRR
(EI (™ EP-S60A &4 ffy - =% 3+ 3600 Lihr
W | SHESE | S55% | SE5E | SNEE | ES0E (BNEN |BSELE | SEERd | EESTHATS | SYEERE
(min) @ HE v | $EED (G | B | (el L (7%) WA ) %)
02055 28 53 1 142 4% 55 408 5339 1308 Q3%
205 a8 L2 1 143 2% 56 410 5336 1301 Q0%
31605 e L2 1 142 4% 55 05 5151 1272 121%
T 27 52 10 1423 7% 55 4077 5175 124 104%
(4F13 [ ™ EP-1000 448 » L 581+ 5400 Lihr
B | EMESE | 5555 | Sai | SREE | S50E (BREN [ REsE | seEnd | EXeTSRES | SEEERE
{10in) () HE v | $kEBD (g | #BA® | fed 18] %) B ) #)
02055 28 74 1.5 144 Q9% 36 425 5402 1271 12.3%
2 A0 7 72 1.5 143 Q2% 56 423 5211 1232 15.2%
053 7 73 15 143 Q2% 55 432 5214 1236 14.9%
Ty 3 73 L3 1433 94% 56 4233 5176 1246 141%
(SN ™| EP-1000 &4 » ik 5okl ¢ 7200 Lihr
BRI | EHEEER | 288 EESNE | BNEE | BREE (ENED |ENELR | SRR | ERETIRES | SEREEE
(min) L HE v | BEKED (9 | B | kel i8] (7 AT %)
0~206% 7 a2 2 142 Q2% 56 442 2271 1193 13.2%
21405 7 93 2 144 Q9% 56 443 5374 1191 18.5%
416057 a7 a3 2 145 10.7% a7 445 2274 1185 19.0%
Ty 270 a3 20 1440 Q0% 56 433 173 1189 13.6%
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Q)5 AR 550 A BRI

W | HEMENER | BE DERE | FNER | FOEE RN | ZNELE | BERNF | ERFUOMES | SYsERT
(1) 0 RE () | ®ABD | (0 | #AG | G | DO ) %] (®)
0-205+ 28 0 0 130 0% 55 368 e 2062 0.0%
24053 2 0 0 136 0% 55 e .3 2087 0.0%
416051 2 0 0 133 0% 55 373 6 2004 0.0%
T 283 0.0 00 1330 0% 55 7 6.5 2041 0.0%
SEH 1 6T (PHOEE -
(LI 5E3p e
(2530 [ ] EP-560A &5 20 » &% 5kl 1800 Lihr
HE | HHERE | B8 DERE | BNEE | ZNEE |RNRS | ZNELE | SEERS | ERSITAES | BYRENF
(min) L HE (v) | ®AEQ) Q| #BHR® | i) L )] B GR) (%)
0-2057 28 27 05 140 53% 35 388 7557 1943 4.3%
214053 28 23 05 141 60% 55 389 760 1943 51%
41605 28 28 05 143 75% 35 391 7560 1954 57%
TH 280 28 05 1413 63% 55 3893 7559 1942 52%
WRRE LA T J6TRARF (P - ARIELLSRERALE) - ERUTHEEIRSEHE -
LEREREERA BHEERRNS A SSREIRNELRBISRERERA S - iR BN R RRA LR -
(35 ™| EP-S60A &y » R 3kl + 3600 Lihr
Wi | RIEERE | 88 a8 FNEE | BNEE (BN | FNELR | S8RNT | ERSUIOES | SYSERE
(min) 3] HE v) | $4E0D 0O | BH® | Geie® 3] 7 %3] (%)
0-206 28 53 ! 143 5% 55 408 7635 1871 8.9%
WR | RERERE | 28 SERE | FNEE | BNEE |ENED \RRELR | BEERY | EEEUIAES | SEERE
(1nin) L HE (w) | HkBL) (0 | #FHE) | keiend) L (7 B (T) (%)
0-206F 7 73 L3 145 0% 55 421 728 1764 143%
214055 28 73 L3 147 105% 56 427 695 1802 129%
41605 7 73 L3 145 98% 56 422 728 1760 151%
T m3 73 13 1460 9% 56 4233 L7 177% 143%
(451 ([ EP-1000 3 g » &k g ¢ 5400 Lihr
(5.5 31 U™ EP-1000 &+ 5 » <L 581 : 7200 Lihr
B | SiREE | EEHE | BESMR | BNEE | ANEE |BNED |BNELE | SaERnd | EREUSadS | fERERE
(min) 2] HE (w) | FHAREL (0 | ®FA®) | keiew) L ) oA () (%)
0-2%r 27 93 2 148 113% 58 445 488 1683 195%
21-405% 7 93 2 147 105% 57 444 B8 1687 19.2%
41605 27 92 2 145 0% 57 442 85 1693 18.6%
Ty 270 93 20 1467 103% 5.7 43,7 87 1638 191%
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—&ALE NO
HC. KijfRy5 Ged < it
(1) FE & 5

TG S B SR PR L %
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v CHEAE NO2. EEAY) NOx. .« B SO2.

WA B ARSI R A BE R AR inER &
b A %R

BREM )

¥ ith
A 2 —ffb® | —fdbs |- RGRE | SAGE | LAY | RALH RACEH | BRABE | RRAEY
( min ) 02 (%) CO (ppm) | CO2 (ppm) | NO (ppm) | NO2 (ppm) | NOx (ppm) | SO2 (ppm) | HC(ppm) | Temp (0C) (Ing/Nm3)
20 3.74 128.8 14.11 83 160.7 183.0 153 340 372.8
40 3.61 91.0 14.2 153.6 8 161.6 189.0 7.6 350 3544
60 3.04 76.6 14.19 155.1 8.2 163.3 188.8 8.0 352 379.0
I35 3.66 98.80 14.17 153.70 8.17 161.87 186.93 10.50 349.33 368.73
Fih + FP-560A § 8 3%H XTAAT © 1800 L
% 1 B |- Rfes | SRR | - RER | SRR | ARH | RRLH HALH| BAEE | BRI
( min ) 02 (%) CO (ppn) | CO2 (ppm) | NO (ppm) [NO2 (ppm) | NOx (ppm) | SO2 (ppm) | HC(ppm) | Temp (0C) (Ing/Nm3)
20 5.56 £3.3 12.62 148.0 8.9 156.9 184.1 1.7 334 168.0
40 5.59 44.8 12.56 152.9 5.1 158 186.1 33 335 171.5
60 5.6 45.2 12.54 152.7 3.8 156.5 185.3 4.0 338 172.9
F 15 5.58 47.77 12.57 151.20 5.93 157.13 185,17 2,98 334.6 170.80
Fh + EP-560A § 83 RAARE ¢ 3600 LM
i a — 8k | —84bs | -8R | AR | BAE | HALY (RELAH BALER | RESEH
( min ) 02 (%) CO (ppm) | CO2 (ppm) | NO (ppm) |[NO2 (ppm) |[NOx (ppm) | SO2 (ppm) | HC(ppm) | Temp (0C)| (mg/Nm3)
20 5.97 254 12.2 145.5 7.6 153.1 183.2 1.3 340 153.1
40 5.7 26.9 12.31 148.8 9 157.8 177.6 1.3 336 157.5
60 5.8 322 12,08 149.9 8 157.9 179.5 1.7 342 158.2
F 34 5.82 28.17 12.20 148.07 8.20 156.27 180.10 1.44 339.33 156.27
& + EP-1000 5 8% % RTAALF ' S400 LM
5 a — 8 | A | —AMLE | —AMLE | LAt | HAY |mhked BARE | BKFEY
( min ) 02 (%) | CO (ppm) | CO2 (ppm) | NO (ppm) |NO2 (ppm) [ NOx (ppm) [ SO2 (ppm) | HC(ppmn) | Temp (0oC)| (mng/Nm3)
20 5.85 29.1 12.15 146.8 5.1 151.9 160.2 1.7 338 178.4
40 5.04 30.5 12.23 148.3 7.1 1554 179.5 0.7 337 183.4
60 8,57 23.8 12.14 146.7 9.1 155.8 181 1.7 339 179.7
F 4y 5,09 27.80 12,17 147.27 7.10 154,37 173.57 1.34 337.00 180.50
Ei + EP-1000 § 83k RAAAZ ' 72000
i a — 8k | —84bs | -8R | AR | BAE | HALY (RELAH BALER | RESEH
( min ) 02 (%) CO (ppm) | CO2 (ppm) | NO (ppm) |[NO2 (ppm) |[NOx (ppm) | SO2 (ppm) | HC(ppm) | Temp (0C)| (mg/Nm3)
20 6.08 249 11.93 146.1 5.6 151.7 155.3 0.7 337 212
40 5.95 259 12.00 146.4 5.4 151.8 157.4 0.7 336 22,1
60 5.96 251 11.94 145.6 5.5 151.1 160 0.7 341 21.6
F 34 6.00 25,30 11.96 146.03 5.50 151.53 157.57 0.67 338.00 21.63
Pl g ab ik A b BoAo A E B BLURURE T R RE AL
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N
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A

R, =B 14% 94% 94%, S RIEBFARII &S S, A 2 Jo
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(25 A A e P B

A ROR B AE SRR R R ﬁ#kﬁiéﬂﬁk&é&ﬁﬁ%%

% A SR
%
w1 £ |-fdb® | SRMH | -RMER | SRR | BRMLE | ALY (R Eusl BARE | ARG
(min ) 03 (%) CO (ppm) | CO2 (ppm) | NO (ppm) |NO2 (ppm) | NOx (ppm) | SO2 (ppm) | HC(ppm) Temp °C) (mg;‘Nms)
20 2.34 191.0 14.57 79.5 5.6 85.1 3.0 2.0 340 33.1
40 2.38 167.6 14.52 79.5 6.0 85.5 3.4 2.0 353 29.6
60 2.42 156.5 14.48 79.7 6.4 86.1 3.2 2.3 346 32.2
B3] 2.38 171.70 14.52 79.57 6.00 85.57 3.20 2.09 346.33 31.63
i + EP-S60A R RMM RAAREF 1500 LM
3ol £ —RfE® | ZRfk® |- AR | SRR | AAMtd | HAkd RAksH | BREE | BKSEY
( min ) 03 (%) CO (ppm) | CO2 (ppm) | NO (ppm) |NO2 (ppm) | NOx (ppm) | SO2 (ppm) | HC(ppm) Temp °C) (lng,lenS)
20 5.72 52.3 11.83 67.3 4.6 71.9 0.5 1.3 345 14.4
40 5.79 45.7 11.78 66.4 6.2 72.6 0.6 Lo 350 13.5
60 5.76 47.2 11.81 66.8 5.3 72.1 0.7 1.3 343 13.7
4 5.76 48.40 11.81 66.83 5.37 72.20 0.60 121 346.00 13.87
b + FEP-560A 5 H3%M% AALTF 3600 LM
55 1l ) —f4b® | —AM® | AR | AR | ARMtd | HmAlkd AL BAERE | BRSRY
( min ) 03 (%) CO (ppm) | CO2 (ppm) | NO (ppm) |NO2 (ppm) | NOx (ppm) | SO2 (ppm) | HC(ppm) Temp °C) (mgsts)
20 58 394 11.77 66.9 3.6 70.5 1.0 1.0 352 16.6
40 5.65 42.7 11.88 67.6 3.8 71.4 1.4 1.0 345 18.4
60 5.67 36.1 11.86 67.6 3.7 71.3 12 0.7 355 17.6
B3] 5.71 39.40 11.84 67.37 3.70 71.07 1.20 0.89 350.67 17.53
£ + FP-1000 § 3% RLAAF ' 54000
=] a —ffbs | —Rfs | —BER | ZRIER | LRt | Rt SRS BRABE | BKFEH
( min ) 0, (%0) CO (ppm) | CO2 (ppm) | NO (ppm) | NO2 (ppm) | NOx (ppm) | 502 (ppm) | HC(ppm) | Temp ('C) (1ng:'N1n3)
20 6.00 304 11.85 66.7 4.2 70.9 0.8 0.7 345 24.1
40 578 39.2 11.90 67.9 3.9 71.8 1.1 0.7 343 234
60 5.76 37.6 11.80 67.8 3.7 71.5 1.1 0.7 343 224
F4 5.84 35.73 11.85 67.47 3.93 71.40 1.00 0.66 343.67 23.30
¥ + FP-1000 § A8 K6 RAAAF 7200 L0w
o 1 Ey —ffbs | —fb® | —EEE | SRR | LAt | SRRt (BALH| BABE | BKFEH
( min ) 0, (%0) CO (ppm) | CO2 (ppm) | NO (ppm) | NO2 (ppm) | NOX (ppm) | $O2 (ppm) | HC(ppm) | Temp (°C) (mg-"Nms)
20 5.72 310 11.63 64.8 5.6 70.4 0.2 0.7 352 26.0
40 5.60 356 11.82 66.8 2.7 69.5 0.5 0.7 342 26.2
60 5.78 33.8 11.81 66.4 3.2 69.6 0.5 0.7 351 26.8
Fi5 5.72 33.47 11.75 66.00 3.83 69.83 0.40 0.66 348.33 26.33
e s Al b R AT E AR R EF X HAFHERESE
- au —fibsk | —fdes | — AR | AR | AR |smAld S Eitdd | BABAE | BKRSRH
Oz (%0) | €O (ppm) | CO2 (ppm) | NO (ppm) | NO; (ppm) | NOX (ppm) | SO2 (ppm) | HC@PpmM) | Temp °C) | ng/Nm*)
% 0% 0% 0% 0% 0% 0% 0% 0% 0°o 0%
io‘i;ii 142% -72% -19% -16% -11% -16% -81% _429% 0% _56%
io‘z;f‘ o 140% -77% -18% -15% -38% -17% -63% -57% 1% -45%
:”jo‘z;f: o 145% -79% -18% -15% -34% -17% -69% -68% -1% -26%
AR 140% -81% -19% -17% -36% -18% -88% -68% 1% -17%
200L/ha

—*—/’
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S ML IRAD S H - TR R P B AP
g ESAE! 7200 Lhr PUfEFF ™ o = EOTHIN [ 81% ~ 88% ~ 68% >
(SRS AFSEHEEE S PR (5 o 50 ieig & e
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1A ey R B e U, Bt S EE A I 7200 L/hr BOK B @ SR B ]
ke BRERICR, BB B A RES A IE 18.6%. EUERHT S SEMIERC 7200 Lihr
KRR R R e BTREROR, BT REUURA 19.1%. WFTRTRER
R A RS, AT ANBE 2 S it o

2. BEJPORL R o SCHE IR A, K I N AN [ G AR SR R SR T
o HEBGREEER TSI INAh, AR & NEEEEY, dIR IR E & e
AR e e, BRI IR R = F Ry A&, Rk
5 R (— T B R 5 » AR I AN SRR 7200 Lihr IO fRAE T
=N NEE T4% 94%- 94%, REBURMEEEACIKEE A HIESIMAAF
AR RO, HEBOAREER 7RI A, LER R A b B
Y, HRIRELE & @ AR I e e, N RRIRIE IR =FH Ky
Wik B A G, AR NBOR A SR 7200 L BIfRFE R, =
HO I N EE 81%. 88% 68%, EIUNEFFARMAE A . Mo Suhihlst i A= b
TS G i AR BB AT By A e 2 A, DRI B AIRMR R o W7 465 SR
AR A O RUASR,  BAT AR NS 2 RO -

3.4 FEBUR foc AT S5 SRR (14 ) A A A IORE 5 RS (R0 S 80, T e 4 2
SRR KO%  SRIT @SR NS, HE R AL REIR . HTAVRE
A B e O 280 S AR T B e R o, M R BRI B SR T 5 5
A AT 7 T Bl ol ot B, 1 B 10 A B e A A R L, DA
WFFERAT AT i AR, A2 S 5 A RE U 7 i S R i SR REVS 1T 26 2 A B
FBT 0 S04 B S

A
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