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' The  Control of  NOx  Emissions

Moyes  towards  the  control  of  NOx

emlss]ons
V'L';･
 n  recent years, the problem of  envi-

I/±i rontnental  pollution has become a

matter  of  growing concern  around  thc

world.  This is partially reftected  by the
tendency  towards  instituting ever  stricter

conLrots  on  air pollution caused  by

eNhaust  gases. Common  pollutants ['roin

exhaust  ernissions include  caTbon

monoxtde  (CO), carbon  dioxide (COi
mtrogcn  oxides  (NOx), sulphuv  oxides

(S()x), t'reon, and  ha]ons, amongst

others.  Ofthe$e, i'reon and  halons have

beeTi auril)uted to  the  depletion of  the

ozone  layer, ",hile  NOx  and  SOx  are

acknowledged  as  leading to  the  forma-

tion ofacid  rain.  In addition,  NOx  and

hvdrocaT'1)ons, another  collllnon  exhausL 'erriission,
 are  also  cited  as  a major  cause

ot'photocheinicalsinog.

 1lxhaust gases released  from ships  have

nor  bee'.n exernpted  from these  concems,

either.  In 1990, the  30th session  of  the

Marine  Environment  Protection

Clomniittee of  the lnremational Maritime

Orgamzatjon  (IMOA･(EPCI 30) set target

levels for reducing  air  pollution from
shLps  after  consideration  of  this issue had

begun two  years earlier. A list of and

tirrietable for achieving  these  lex,els is

shown  in 
'l'able

 I. Discussions  have also

been heLd by the IMO  regarding  thc

Table 1

implementation of  meLhods  lor monLtor-

ing and  controlling  NOx  and  o{her  gas
emissions  from mariTie  (ngines  along

with  a "ride  variety  of  related  measures.

New  requirernents  have heen set  forth in

the  draft of  MARPOI  . Annex  ivrT/

RegulaLions.fbt' the PE'evention ofAir
PolluLion "'om Ships which  is scheduled

to apply  to engines  installed onboard

ships  on  or  after  1Januar>, 2000.  A

Technical Code on  Emission qfNttrogen

Oxides from Ma  rine  Diesel Eugines is

being fina]jzed as  well  which  outlines  in

further dc tail the tests, Ltispections  and

certit'ications  Lo bc perft}rmed under  the

new  )4ARPOI.  requirenients.  The  pro-
posed controls  arid  TechnLcal Code  wcre

since  adopted  at IMOfMEPC  40 held

this past Septenibar.

Target reduction  levels of  air  pollutants from ships  (1MOIMEPC 30, 1990)

Freon

Halons

S02NOxVolatile

 organic

compounds  (VOC)

80%  of current  level

15%  of  current  level

Use  prohibited'

50%  of  currentievel

Use  prohibited 
'

50%  of current  level

70%  of current  ievel

70%  of  current  level

Regulationsforincineratorexhaustgases

By1993By1997By

 2000By1995By

 2000By

 2000By

 2000

By  2000

By  2000

/

fechnology for reducing
NOx  emission  tevels

Much effort has been placed on the devel-

opment  of effective methods  to control NOx

emissions in recent years. Measures for
reducing  such  emissions  can  be broadly

classiiied into two types:
(1) those which reduce the amount  of NOx

  produceddurlngcombustion,and

{2) those which  eliminate  NOx  emissions

  fromexhaustgas,
NOx  production can  be reduced  during

combustion by decreasing maxlmum  com-

bustionpressure,injectingwaterintothe
combustion chamber, using emulsified fuel,
orloweringcombustiontemperature,

amongst  others, Method$ of removing NOx
from exhaust emissions include the use of

catalysts which are used to chemically treat

NOx  to form other less harmfuI substances,

Most notable of these is the selective cat-
alytic reduction  (SCR) method  in which

exhaust NOx is combined  with urea at high
temperature to form water  and  nitrogen

gas.
 Approache$ for reducing NOx given the

greatest consideration for actual use
onboard  ships have consisted mainly of

relying on SCR alone or empioying SCR in

conjunctionwithwateremulsifiedfuel,

These methods  also have the least impact
on  engine  performance during operation.

Reductions in NOx emissions of up to as
much  as 90%  are reportedly possible using

these methods,

tTotalabelition
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Summary  of  research  by ClassNK
Asincreasinglystringentrequirements

are  deN,eloped for reducing  air  polluting
emissions,  more  accuTate  me  ans  of mea-

suring  and  monitoring  such  pollutants
are  essential  to  the  etl'ective  implementa-

tion of' thesc requirements,  especially  at

sea. However, a number  of challenges

sLM  need  to be resolved  before aecurate

and  practical techniques  for measuring

and  controlling exhaust  emissions  from
marine  diesel engines  can  be adopted  in

actual practice. While  technologies  for
measuring  various  emissions  from land-
                              '
based facilities are fairly well  developed, !
much  work  still remains  Lo be done

before suitably  comparable  methods  can

be readily  adapted  to shipboard  use  on  a  /

regularbasis.

 0ne  reason  that accurate  shipboard

measurements  pose such  a cha!lenge  is

the  nature  of the di{'ferences nornnalty

encountered  in rhe  operating  con  ditions

between Iand-based facilities and  those

at sea. Facilitjes on  land make  use  of

measuring  equipment  which  is usually

significantly  larger than  that  available  for

use  onboard  ship  and  which  can  be used
without regard  for weather  or  other

environmental  factors. Shipboard condi-
tions, on  the other  hand, often  contrast

sharp]y  with  those  tbund on  landi as  the

operatingenvironmentiscontinually

changing,  both in terms  of  the sea  and

the  ship.  Consideration also  needs  to be

given to the type ofineasuring  equip-

ment  used  for marine  cLiesel  engines,

particularly large-scale, low-speed

engines  for ocean-goMg  ships,  as  com-

pared with that used  forautomobile

engines  and  shore-based  machinery.

Such equipmenl  must  1)e not  only  be
reliable  , but practical and  portable as
                              1
well, :

 In response  to this need,  the ClassNK

Research Center has carried  out  mea-

surements  on  the  exhaust  emissions  of

thirteen  different 2-stroke and  4-stroke
marine  engines  or  various  sizes  during
shop  and  sea  trials since  1993 in order  to

better understand  the characteristics  of

7?chnicaIEksay

Table2ParticuLars  of measuring  devices used

Measuringprinciple/

Manuiacturer/

Type:ltemsmeasured:

    Me7sv[e.mgnt.rangeCppm}/
              Repreducibility

NOXIAccuracy
 1' 

Dritt

           1 Temp.sensitivity           '           t..... . . .... .....
   1 /
   / Responsetime   '

    Sa.mplingtube/ 

'
 

''
 

''

     DimeTsions (W × H ×  D, mm):

    Approx, weight/

CLDHoriba,

 Ltd.

EXSANOx,

 02

O-2000

±1%FS

±1 9P FSfday

±1%FSAOOC

lesec.Heated430X31O

× 550

30  kg

Note/ Dimensions  and  weight  include pre-processing equipment.

ECC

Testoterm GmbH  &  Co,

testo33NO,

 N02, 02,

CO,S02o-2oeo

±1%  FS

±1%  FS/5 oC

s  6e  sec.Heated200

 ×  400  X  300

8kg

 Datarecorderi

.Propeller

lntermed[aieshaft

Fig.IM

Fig.12

Schennatic diagram  of measuring  system

S// Distance trom centre  ot  stack

  to holeconsidered  (O
  SI=r(2i"tn)iM
r/ Radius ot the stack
n/ Tota1 numberet  holes
i/1tont2

elee

Sampling probe  initially used

nd21.7

Cross-sectiono[
exinaustpipeCstack)
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NOx  emissions  as  wcll  as  to develop
more  practical methods  of  measunng

such  emissions  Meagurements  havc also

been carried out  on  thrce diesel manne

engmes  dunng actual  operation  at sea

"qth  the aim  ot  undersLanding  how  NOx

emissions  from ship  cngmcs  fluctuzte
under  dynamic gea  conditions  The  daLa

obtamed  from these results will  also

$erve  as  means  o[  assessing  how exhaust

emissions  and  cngine  perlorTnance
change  over  time.

 Two  types  of  analyzers  have been used
and  compared  m  these  studies  One  is

Lhe chemiluminescent  detector or  CLD

method,  while  the  othe-s  the  electro-

chemical  measurcment  celt or  ECC

method  The  two  inetltods are based on

:1

dif{enng measurement  pnnciples ln the

CLD method,  NOx  levels arc  determtncd
by measumng  the  1ight emi[ted  whcn  )x O

is converted  to N02 in  the presence ot

ozone  In the  ECC  method,  on  the  o{her

hand, changes  in electncal  resistance  of

the target gas are  measured  as  it passcs
over  electrochemical  cells.  An  outlme  of

the  two  methods  is showlt  m  Table 2. In

ordcr  to  understand  bctter thc  relanon

between the volume  of  NOx  emissions

and  the operaung  conditions  of the

engme,  a  vanety  of  gencral pcrfomiance
tests  were  also conducted  on  cach  engine

cvaluated.  Analysis of  the mcasuretncnts

consisted  of comparmg  the exhaust  char-

acteiisucs  of  each  engine  under  shop  and

sea  tnal condmons,  as  well  as  examining

I:'11

obj  ectwe  rnerhods  of evaluatmg  the

amount  of  NOx  emissions  produccd  m

cach  case

 Fisure 1 1 is a  schemanc  diagram of

the measuring  system  used  m  thesc tn-

als  The straight  pipe poruon of the flue

from thc turbocharger  exhaust  gas outlet

to the inlet  o[ the exhaust  gas economizer
and  cornposite  boiler serves  as  the  sam-

pling poinL fbr the exhaust  gas

 Samphng  is done  by  inserung  a  smgle-

holed probe mto  thc cxiiaust  pipe and

collecung  samples  of  exhausL  gas across

thc entirc  diameter ofthe  pipe A  multi-

holed probe was  used  in order  to  obtam

an  average  distnbution ofgas  dens]ty
across  the  secnon  of  pipe bemg  sampled

However,  comparative  tests with  smgle-
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Fig 2 1 Sample  of measurement  resuits  obtained  during shop  trials of various  marine  engines  using  the

CLD  method  The solid curve  fndEcates  the NOx  1im;ts under  MARPOL

  22r-  
""

  2o

  18

  16F14l

 ial9io,6

 al -.
Z

 6il

  4i

   l
  2, --
   s

   '

1'1

/

1 ./
/

'.- -1.

   /tt
   1
  i
  i

  1
  l
  i  '
  '

   1

   l
   l
   l

   ]
   l
   ,

   i
   l

   l22ooI

   i

 NOx  l:m/t
 Allowance
 ot 157o
 (seetext}-AB

'

/ "  -- --- --  --1
1-  T1  

'-'
 1

"ceD

t ----/ f -'-
 T

SE

r''1
      !

 
li

1000 1200

1 iF

o

'2oo
 400

 l '600
 1seo

i4bo ri6ieo tsee

Rated engine  speed  (rpm)

 /2eoo "Ges

 H'1

::l'ft:/;]l]:1!'11iiiiit

Figmethodfor

 RM-grade  fuel (see text)

2 2 Sample  of measurement  results  obtadned  during sea  tnals of  vanous  manne  engines  using  the CLD
   The  solid curve  rndrcates  the NOx  1imits under  MARPOL  The  red  curve  rndicates  the 15%  allowance

esClassNK NII-Electronic  



NIPPON KAIJI KYOKAI (ClassNK)

NII-Electronic Library Service

NIPPONKAIJI  KYOKAI  {ClassNK)

holed probes showed  essentially  the

same  results  being measured  as  those

obtained  with  the mu]ti-holed  probe. A

diagram of the multi-holed  sampling

probe is shown  in Figure 1.2.

 The  results  ofshop  and  sea trial mea-

surements  made  are  shown  in Figures

2.1 and  2.2, respectively.  The  NOx

exhaust  rates  (gtkwri) for different

engines  (indicated as items A-I in the
figures) during shop  and  sea  trials are

plotted, The IMO  NOx  control  curve  for
engines  for which  no  reduction  measures

are  taken  is superimposed  on  each

graph. Figure 2.2 also includes a super-
imposed  graph of  the maximum  values

permissible (an allowance  of l5%]n

cases  where  RM-grade  fuel (specified in

ISO 82 1 7) is used  and  measurements  are

made  at  sea  using  a simplified  measure-

ment  method,  As can  be seen  from the
two  flgures, measures  to reduce  NOx

emissions  will  need  to be implemented
for most  of  the diesel engines  examined

before they  can  satisfy the new  require-

ments.

 [)itferences in the  measured  values in
both figures for the same  engine  can  be

attributed to a number  or lactors. First,
engine  operating  conditions  are  highly

susceptible  to changes  in sea  and

weather  conditions.  FurLher, engines  do
not  operate  at a  constant  rpm  but are
changing  continuously.  There are  also

fundamental differences in engine  load
and  output  between shop  tests and  sea

trials making  objective evaluation  practi-
cally  impossible because of  differences in

the  measured  values.

 The  results  obtained  thus  far indicate

LhaL the CLD  and  ECC] methods  are

comparable  to each  other,  particularly

under  sea conditions  (see Table 3).
Given the greater portability of  measur-

ing equipmenL  based on  the ECC

method  and  thus  greater convenience  in

terms  of  shjpboard  use,  this method  is

believed to be an  appropriate  altemative

to the CLD  based iT]ethod  currently

recommended  by ISO requirements.

7bchnicalEksay

Table 3 Comparison  of  measured  results  obtained  with  ECC  and  CLD  methods  under  different
rated  engine  condltions

Engine :

      ECC  method

       (gtkWh)
Shop --
    

'
 CLDmethod

       (glkWh)

At SeaECC

 method

 (gtkWh)

CLD  method

 (gtkWh)

A B

1,6ri7 i,524

(21.21} (25,51)

1,458 1,373

(19.12) (23.01)

Conclusion
Measurements are currently  being car-
ried  out  and  data collecred and  analyzed

at regular  times  each  year on  one

selected Japanese flag coastal service
vessel  and  one  ocean  going vessel  in

order  to gain better insights into how
emissions  change  over  several  years of

normal  operation.  Until now,  there have

not  been many  reported  examples  of

regular  measurements  being taken  for

engines  during shop  tests, sea  trials as

well  as  actual  operation  spanning  their

c

1,655(24.61)1,348(20.06)

D E F G

1,779 1,467 1,670 1,561

(21.91),(16,29) (18,89} (18.34)

1,736 1,475 1,684 1,543

(21.38) (16,45) (19,03} (18.12)

2,090  1,549  1,660  1,597

(23.49) (17,98) (21,70) (18.58)

1,883 1,413 1,774 1,520

(21.16) (16.41) (12.94} (17.72)

new  construction  through  first few years
ofuse.  The collectton and  analysis of

such  data wi11 not  only  be indispensable

to reviewing  new  NOx  controL  standards

both before and  after  they  have been

established, but essential to the develop-
ment  of  consistently  accurate  and  readily

useable  emissions  measuring  equipment

which  contribute  to the  effective  reduc-

tion ofNOx  and  other  harmfu1 poLlu-
tants ships  at  sea.

Appraisal of  NOx  emissions

The Society has already begun to carry out NOx assessment  work  from April of this year
in order to realize a smooth  transition to being able  to issue statutory  certificates (IAPP:
lnternational Air Pollution Prevention Certificate, and  EIAPP: Engine lnternational Air
Pollution Prevention Certificate) when  new  mandatory  controls set forth in MARPOL
Annex Vl go into effect on 1 January 2000, At this point in time, there are two types of

NOx assessments: one in keeping with the issuance of statutory certificates when  the new
requirements go into effect, and  a  general assessment  which  is not  based on these

requirements. Slnce all assessments  will need  to be of the former type when  the new

requirements go into effect, in principle, it is necessary  that all NOx  assessments  be con-
ducted in accordance  with the proposed test method  which conforms  with the draft
Technical Code,


