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Low NOx boiler design {E & s kA ¥ it

2. Combine emission deduction with energy saving, low emission
technology should be applied under premise of high efficiency of
boiler. LI TREBHE, ERBAMN AFENIFESMEITHRIRE T,

3. Heat pump application, from the angle of energy saving and emission

deduction of boiler system. M%xkP 5%t 15 88 BUHEE R & B iR AR N F
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Low NOx boiler design, how we see things

{ERRIFIZIT | FliDIAA

1.

2.

3.

5.

Price competition in boiler market is very hard kR 7M1 18 52 2R 2!

1. Customers seeking lowest price desperately and risking workability 2/ $f &5 - R RIEH

1%, B2 FEE AR

2. There are companies who wants always sells the cheapest HLE E 2 LUEMN 755
Boiler companies try to minimize its cost 54 F 4 118 EfEE B A

1. Easiest way to reduce cost is to minimize furnace size & i .00 A X B &/IMEFRER T
However furnace size plays important role in Low nox and high efficiency boiler solution
AMPFERTHEERSMNRIFAEPEEEEZEA

Motivations are in conflict s #1484 22

Right solutions are known, but borders are streched all time

BNEMSENAER, BRURLE S HWIER,
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Low NOx boiler design, furnace dimensions {EK&EIELT , YPIEERS NOX

* The emission performance of a burner does always depend strongly from the boiler it is

installed. JAKRRRAYHEIMERER IR RIZREIER.

* When estimating the emission levels for a certain case, first thing is to consider the furnace

dimensions. HAENMBGEHEUKER , BEAEEEEFERSY

o For NOx performance point of view the width and height are the most important
factors, because they determine the base level for internal flue gas recirculation.
MNOxEERE  BEISEEREENEE
EAE(TREENERESBEIRIEAKFE

o Length is more important in order to
confirm that there is no incombustible
matter after the furnace.

RIEAFIEEERREARY) , KEEEE

= Furnace load should be
evaluated by volume [kW/m3]
and also by cross-sectional
area [kKW/m2].
MR S o] N ARAE AR [k W/m3]
AVEEERR KW/m 2]
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Low NOx boiler design, other aspects {EK&EiEIPIRIT , BittEZE -_ NOx

« Wall temperature of heat transfer surfaces inside the furnace is proportional to the total heat
transfer rate from the flame into the water/steam. }FPIE R EMERREIE RS IGEIKZSRIEEME

PRERPLELA)

= The hotter the surface, the less heat transfers there can be.

FEEF |, (TR
= The less heat transfer there is, the hotter the flame will be.
SRl | Kkt
= The hotter the flame is, the more NOx emissions it will generate.
KIEHIR , FFAENOXHER S
» There are multiple factors that have an impact to the wall temperature:

HINERAIZHEE
1. Boiler type (hot water/steam/hot oilletc.). PSR ( HywkEES/HGE/ED )

2. Boiler pressure fBFPES
3. Furnace wall thickness. }FIEEE

4. Furnace slagging.}PissEaE

«  The most important factors are 1. and 2. FFREEENEZ= 1502
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Low NOx boiler design, walls fE E\,ﬁﬁbﬁlﬁﬂ' i 1Z|S

Furnace refractory surfaces affects the flame with many B—

different ways: YRR KiARIEREIAZ A TR0 K AEG

 Lowers heat transfer inside the furnace.

EIFERES

= Flame temperature rises. NOx emissions
increase. CO emissions usually decrease.

KIGRE EFH , NOHETES , COHFIBERRFE

* Flame becomes shorter. Decrease in size depends from
the refractory area and placement.

KRR KRG 3/ INEUR T KA XA A B

* Unsymmetrical refractory area (e.g. bottom refractory)
can cause disturbances in the furnace back flow pattern
due to natural convection and unsymmetrical radiation

heat transfer. ANXIFRAYMS K AARHX S (5140 : JEEEBm X

135

MRS THIFERRER , BT BAXRAAXTRE Relative NOX Example case
HRYES ) 130 Tincrease [%]
125
= In worst case scenario the operation of the 120
burner can be interfered so that it will not function 115 /

properly. EIARIBEREMRRZTRETN , & 110
BELER T{F

105 / Relative area of the bottom refrectory compared to overall wall
100 T

FoL}

T T —area [70] T T 1
0 5 10 15 20 25 30 35 40
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Low NOx boiler design, burner placement {E&EBRIEIT , PAEEEEHESI

« Itis an experimental fact, that NOx emission will increase if a flame flow pattern is
influenced by another flame. SC3GUFRR , AR MIEREEN B — KGR , NOxHE
W&,

involved. ELLILIARERUEERER | (5HIREZ MR SET

« Therefore optimal burner placement is crucial especially in cases with multiple burners ' (

flame flow pattern is most similar compared to one burner solution. JEXHIWAIEESHES!

« Fundamental aspect for proper burner placement is to find locations, where single A C
EREESH—MIE | B XarE IR s n R e/ash

=  Not too close to walls, not too close to other flames.

B EAIE M EERAE R g —

=  Some times the furnace is not optimal for the exact number of burners that —
client wants. In these cases it is our duty to suggest different number of 4 I
burners in order to minimize NOx emissions, investment costs and safety
risks. IR , IR T ERERIIIGEHRBISHARSM , EXHER 2\ (= =\
T, BAVESEREEERIESENEE | ISMIUNOHER , RERANZ @) @ (@)
2Hf, - ~
« In a multi burner solutions with three or more burners the swirl direction is also an :@EI- ) :1;'1?_?1{' ﬁ.._“?:)

important aspect in order to guarantee perfect burn out and minimal NOXx’s. , S '

EZ BRSBTS ET , SH3GEIBT GRS | ER7 B ERRIEMEEREIR =\ = =

/\NoxHERE B EE @) &

*  One burner per boiler solution is normally optimum in point of NOx formation )
BamRes , MNOXEABEMS | BREEHESE. /




Low NOx boiler design, case example fire tube boiler

ERmiAigit , LAKERRAG

« Straight firetube vs. corrucated firetube, effect for Nox
FERMNE L RAENE, SINOXHIZZH
+ Results calculated by CFD 452 HCFDit+&

 Water cooled front wall and back wall effect for Nox
KARIEE G, XNOXRIZZ0
« Results calculated by CFD 452 HCFDit+&




Low NOx boiler design, working Co—operation, example

Rt , MESIE , =61

If standard furnace is to small for Low NOx, boiler company redesign
furnace according to requirements or selects bigger standard furnace
to meet requirement.

IR PR AEFREN TR ZEREVKRD, iR ARIRIEEREFHFWOHFIE,
B e B R BObR A KR RE SR i R oK,



Combine emission deduction with energy saving, low
emission technology should be applied under premise of

high efficiency of boiler.
SCINHREREHE | (RERARNN AEERPESUE THIENE T

 Depending level demand R #E HEK EZE K

« High efficiency leads higher NOx emissions and vise versa
SHEM S ESNOXHER, RZIRA
« Small furnace size ++ Nox /MERER T ++NOx
High flame temperature & XNIERE
 Flue gas recirculation — Nox RS EHE{EHF—NOX
Higher electricity consumption 5B & H 5%
Higher stack loss B ERE
- High excess air—Nox  &Sid=ZES—NOx
Higher electricity consumption 5 & H 5%
Higher stack loss B = R AR
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Combine emission deduction with energy saving TogETRHE

EXCESS AIR EFFECTS ON EFFICIENCY FOR NATURAL GAS

% Efficiency Decrease

-3.0

% of Excess Air 15 25 35 45 55
% Oxygen (O2) 3 4.5 5.8 7 7.9
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Combine emission deduction with energy saving TogETRHE

« Depending level demand RIEHEBUKEZE K

« High efficiency leads higher NOx emissions and vise versa
SRS ESNOXHR , RZITFA
- Small furnace size ++ Nox /NPIER~J++NOx
 High flame temperature BX/GIEE
 Flue gas recirculation — Nox RS B{EEA—NOX
 Higher electricity consumption ESEFE

« Higher stack loss S RIEIRAE
 High excess air — Nox BEIETS—NOX

- Higher electricity consumption FESHEE
« Higher stack loss B SREIRAE



Heat pump application, from the angle of energy saving
and emission deduction of boiler system.

MR KR 22 0T Re R HE B A8 B TR FAIR . R

1. Heat pump application, from the angle of energy saving and emission

deduction of boiler system.
MBI AR ST BERHFRY A BRI A
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Scancool Heat Pumps for Industrial Heating and Cooling

FAF Tl (B Fn )4 B R R EE /R A R
District heat Process water or air
- S TP BRI AR H KB S
Combination of heat pump and IMWIK L
boiler results in superior energy
efficiency and process availability

IR NP I 45 5 SE L T i R e
APRUE 1 I AR ] FEPE

0.8MWIKEL

Possible heat sources A BERIHE:

- Refrigeration condensers /%45 & 28

* Process water TVt F2 K

» Waste water k7K

« Exhaust or combustion gases KSFIEESK
« Hot air #ZES

» Ground heat H#t




Heat pump application, from the angle of energy saving
and emission deduction of boiler system.

MBI R GE T3 SRR AR GRS

1. Basic Connections ZAH#E
1. Advantages between connections BT #
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IR 5 Hehas RSP EAT SR ml i

Heat recovery from exhaust gas St AEWN
with heat pump and heat exchanger Bk
ADVANCED WAY
Return plpe
firom district heating
metwork
BB choies
%3
iz i AR {
i Fh 28 COP 5.6
oMW 7MW 5
58 o5 1.
MW Pas 2, Scancoal
Heat Heat Pump
. Exchanger COP 5,6
& MW T MW
28°C 50°C
2 3 @ 1
'I-D“'C *
i 60°C
' I::nr'l_deu_sing
110°C ({Exhaust Gas) e (Water}
SAEZ
(JER) ;E%ﬂat (7K) To boilars

1A
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430 kW

5 x Scancool HP191i

50°C 60°C
*Connection and operation ready heat pump package in 34.8 1/s
liftable steel framelfigx 5 55iTH %, ARHAEAREL
«Electrical central for all heat pump units and for water SPCI;I;‘;OI‘?I
pumpsFT B IR H 5K AR S Fil COP 5.6
«Secondary circulation water pump Z R 7KK 690 P =255kW
m3/h
*PLC-automation for heat pump and water pumps and 28°C 43°C
valves closely related to heat pump operation PLC B 312 18.9 I/s
HRg, AFIRENIE K EREAGFBITE VXM
°Operation and technical documentationi’iﬁ?ﬁﬂiﬁéﬂﬂ% Operation descriptli%rzgtl%)g design point A

it A EE T

Technical details of HP191i: HP191ii RS 44 :
-Screw compressor controlled by VSD
FR A SR OX A 22 1l B SR AT =X R 4 L
- HFC R134a refrigerant/$i 58 (ODP=0)
- Brazed plate heat exchangers AlISI 316
R IALRAISI 316
- Pressure loss in cold side /51590 kPa
- Pressure loss in hot side #\& [ 4790 kPa
- Grafical user interface Grafical /" 52 E

2.2m

Scancool HP191i heat pump, weight 4 t, acoustic hood is not included
. . . . Totally 5 x 4 ton = 20 ton (L*W'H=5x 3,5x 2,2m
The accuracy of technical details presented in this yox ( x3,5x2,2m)

quotation is +5%. RN R ARS IRV EFRE /9£5%.
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X Ak 345m3/h 28C
3 Cooling waber in 345 m3/h 2BC
E = Cooling waber out 42.5C/43.2C
2 mEIKHE 42.5C/43.2C
2 (S/78 LTO 6. 1MW 110C
F LTO 5.8MW 100C
- - Watar
- 7K
” 1300 Pa
- : @I
- n. o 4000 -
L -
Kk ¥

Sewner
=



oi1Llon

The warm way

Simple comparison of today situation and advanced heat recovery solution offered

B 1 LA BEARSE AL ) S 2 (0 Ax A RO R Ty 5 fil 55t L

Heat recovery, advanced way

AR, SERETTE

WA I+ e
TODAY |Heat pump + Heat exchanger |
e 1Boiler capacity 58 58|MW
sz | Boiler efficiency appr. 94,0 % 94,0 %
srasax |Flue gas temperature from boiler 110 110|deg C
mxez |Return water temperature 50 50|deg C
y— Natural gas consumption 61,7 61,7|MW
ral=EE 1Flue gas temperature to stack 110 40|deg C
m=x# |Heat from exhaust gas approx. 0 6,1|MW
»zne: [Heat from heat pump approx. 0 7,2|MW
Bk S RAL
wmaaee ||COMbustion air fan appr. 0,18 0,23|MW
w=mex lLHEAt pUump COP 5,60
p— Heat pump electricity use appr. 1,28 MW
—{|Circulation pumping appr. 0,05|MW
R Electricity consumption 0,18 1,56|MW
FrHE B
Heat produced 58,0 65,2|MW
BREFE
I RIS Total energy consumption 61,9 63,3|MW
Efficiency (NG lower heat value) 94 % 103 %
#&0% |lCapacity increase 0 % 12 %
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SRIFE
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RIRINEE
RRKIHFE

BiREs SRR #E
PIRRERLL
AREFE
TBIRRAFE
HEmFERE
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HE
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R ZEEREHA
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RREME
pIE:S
HOXH
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RERIBH, REMEM

ATREEEH

Investment feasibility calculation

Boiler capacity

Boiler efficiency

Flue gas temperature to stack
Heat from heat pump

NG consumption

Combustion air fan electricity consumption
Heat pump COP

Heat pump electricity cnsumption
Circulation pumping electricity consumption
Electricity consumption increase

Heat Produced
Variable cost of heat
Save

Operation hours per year
Save

Save

Investment (machine delivery)
Investment including import duty and tax
Simple payback

TODAY Heat pump + Heat exchanger
58 58
94,0 % 94,0 %
110 40
0 7,15
61,7 61,7
0,18 0,23
0 5,6
0 1,28
0 0,05
0 1,6
58 65,2
339 323
1051
7000 7000
0 7354163
0 866164
0 1810000
0 2329470
2,7

Calculation is based on following figures and assumptions:

Price of electricity

Price of gas

Currency exchange rate
Import duty

Tax

1

0,3

1 € =8,4905 RMB

10 %

17 %

RMB / kWh
RMB / kWh

Transportation, installation and other possible costs are not taken account

MW

deg C
MW/h
MW/h

MW

MW
MW
MW

MW/h
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RMB/MWh
RMB/h

h

RMB / year
€/ year

€
€

Years



Heat pump application, from the angle of energy saving
and emission deduction of boiler system.

MBI RS RERARI AR RN

1. Ongoing projects, Size, connection, COP, Refrigant etc.

IEFERHTRIINE, D13, B, sexitt, #lmil, 5



Main Arguments
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FEFIN

12% more capacity with the same gas consumption

9 plants using new technology give more energy than 10 conventional plants (9 x
65 MW > 10 x 58 MW)

HFERIFERIE S, THEEBN12%
— I MIPFERAFEARLI0NEBRFE " £R ZMHEEE
(9 x 65 JkE> 10 x 58 JkEL)

5% decrease in variable energy cost

B[ AR REIR AR T [%5%
Less CO, and NOy emissions

— &R SRR D
Possibility to produce cooling in summer time (option)

BI AL B Z A (Rl T)
Become forerunner in utilizing newest environmentally-friendly technology in China

Rl N B F R ST B A R BRI S 5



Summary S5

« Combustion efficiency BAKEz 3
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Thank you for your interest!

R S IIE !

We treat our customers like our friends.
We listen and solve the challenges together
with customers in a warm way.

BAT 2 7 N A
RWr IR/ K,
5ZHEFRIDHR



