
EPA-450/2-77-032 
December 1977 
(OAQPS NO. 1.2-086) 

GUIDELINE SERIES 

CONTROL OF VOLATILE 
ORGANIC EMISSIONS 

FROM EXISTING 
STATIONARY SOURCES 
VOLUME 111: SURFACE 

COATING OF METAL 
FURNITURE 

l J.S.ENVIRONMENTAL PROTECTION AGENCY 
Office of Air and Waste Management 

Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 2771 1 



EPA-450/2-77-032 
(OAQPS NO. 1.2-086) 

CONTROL OF VOLATILE 
ORGANIC EMISSIONS FROM EXISTING 

STATIONARY SOURCES 

VOLUME 111: SURFACE COATING 

OF METAL FURNITURE 

Emissions Standards and Engineering Division 
Chemical and Petroleum Branch 

1.1;. ENL IRONMENTAI, PROTECTION AGENCY 
Office of Air and F'aste Management 

Office of Air Quality Planning and Standarcl~ 
Rerearch Triangle Park, North Carolina 2771 1 

Decem ber 1977 



tjAQPS GUIDELINE SERIES 

The  guideline ser ies  of reports  i s  being issued by the Office of Air Quality 
E'lanning and S tand~ l rds  (OAQPS) to provide information to state and local 
air  pollution control agencies; for example, to provide guidance on the 
;icquisition and processing ol a i r  q u a l ~ t y  data and on the planning and 
analysis requisite f o r  the maintenance of a ir  quality.  Reports published in 
this se r ies  will be available -- as  supplies permit - from the Library Services 
Office (MD- 35) , U .S . Environmental Protection Agency, Research Triangle 
P a r k ,  North C a r u l i n a  27711; o r ,  for a nominal fee,  from the National 
Technical Information Servlce,  5285 Port Royal Road, Springfield,  Virginia 
22161. 

Publication No. EPA-450/2-77-032 

(OAQPS No. 1.2-086) 



PREFACE 

Th is  document i s  one o f  a s e r i e s  designed t o  i n f o r m  Regional ,  S ta te  

and l o c a l  a i r  p o l l u t i o n  c o n t r o l  agencies o f  techn iques a v a i l a b l e  f o r  

reduc ing  emissions o f  v o l a t i  1  e  organ ic  compounds (VOC) f rom e x i s t i n g  

s t a t i o n a r y  sources.  I t dea ls  w i t h  t h e  s u r f a c e  c o a t i n g  o f  metal  f u r n i t u r e .  

"Metal f u r n i t u r e "  i nc ludes  any f u r n i t u r e  made o f  metal  o r  any metal  p a r t  

which wi 11 be assembled w i t h  o t h e r  metal , wood, f a b r i c ,  p l a s t i c  o r  g lass  

p 'a r ts  t o  form a f u r n i t u r e  p iece .  T h i s  document desc r ibes  t h e  i n d u s t r y ,  

i l d e n t i f i e s  sources and types o f  emissions,  and appl  i c a b l e  methods and c o s t s  

o f  reduc ing  these emiss ions.  It a l s o  d iscusses techn iques f o r  m o n i t o r i n g  

t h e  organ ic  s o l v e n t  con ten t  of  c o a t i n g s  f o r  purposes o f  de te rm in ing  

compliance w i t h  a n t i c i p a t e d  r e g u l a t i o n s .  D e t a i l e d  d i scuss ions  on low 

o rgan ic  s o l  vent  c o a t i n g s  and add-on c o n t r o l  t echno log ies  a re  found i n  

"Cont ro l  o f  V o l a t i l e  Organic Emissions f rom E x i s t i n g  S t a t i o n a r y  Sources - 

Volume I :  C o n t r o l  Methods f o r  Sur face Coat ing  opera t i ons .  "l ASTM t e s t  

methods f o r  m o n i t o r i n g  o rgan ic  s o l v e n t  techno logy a r e  found i n  "Volume 11: 

Surface Coat ing  o f  Cans, C o i l ,  Paper, F a b r i c ,  Automobi les and L i g h t  Duty 

Trucks,  112 

The t a b l e  below p rov ides  emiss ion l i m i t a t i o n s  t h a t  r e p r e s e n t  t h e  

presumpt ive norm which can be achieved through t h e  a p p l i c a t i o n  o f  reasonab ly  

ava i  l a b l  e c o n t r o l  techno l  ogy (RACT) . Reasonabl e ava i  1 a b l e  c o n t r o l  techno l  ogy 

i s  def ined as t h e  l owes t  emiss ion l i m i t  t h a t  a p a r t i c u l a r  source i s  capable 

o f  meet ing by the  a p p l i c a t i o n  o f  c o n t r o l  techno logy t h a t  i s  reasonab ly  

ava i  l a b l  e c o n s i d e r i n g  techno l  o g i c a l  and economic feas i  b i  1 i t y  It may 

?!PA-450/2-76-028, November 1976, (OAQPS No. 1.2-067) 

2 ~ ~ ~ - 4 5 0 / 2 - 7 7 - 0 0 8 ,  May 1977, (OAQPS No. 1.2-073) 



r e q u i r e  technology t h a t  has been a p p l i e d  t o  s i m i l a r ,  b u t  n o t  n e c e s s a r i l y  

i d e n t i c a l  source c a t e g o r i e s .  S ince t h e  d e f i n i t i o n  o f  metal  f u r n i t u r e  

i nc ludes  a  wide v a r i e t y  o f  p roduc ts ,  i t  must be cau t ioned  t h a t  t he  emission 

l i m i t s  r e p o r t e d  i n  t h i s  Pre face a r e  based on c a p a b i l i t i e s  which a r e  

general  t o  t h i s  i n d u s t r y ,  b u t  may n o t  be a p p l i c a b l e  t o  every  f a c i l i t y .  

A f f e c t e d  Fac i  1 i t .  .- Recommended L i m i t a t i o n  

kg o f  o rgan ic  s o l v e n t  I bs o f  o rgan ic  so l  vent 
e m i t t e d  pe r  l i t e r  o f  e m i t t e d  per  g a l l o n  o f  
c o a t i n g  (minus wa te r )  c o a t i n g  (minus water )  

Metal  Fu rn i  t u r e  Coat i  ng 0.36 3 .O 
L i n e  

'This emiss ion l i t n i t  i s  based on t h e  use o f  low o rgan ic  s o l v e n t  c o a t i n g s .  

It can a l s o  be achieved w i t h  water-borne c o a t i n g s  and i s  approx imate ly  

13qui v a l e n t  (on  t h e  b a s i s  o f  s o l i d s  appl  i e d )  t o  use o f  an add-on c o n t r o l  

dev i c e  which c o l l e c t s  o r  des t roys  about 80 pe rcen t  o f  t h e  s o l v e n t  from a  

convent iona l  h i g h  o rgan ic  s o l v e n t  c o a t i n g .  Even g r e a t e r  r e d u c t i o n s  (up 

t o  90 p e r c e n t )  can be achieved by i n s t a l l i n g  new equipment which uses 

powder o r  e l e c t r o d e p o s i t e d  water-borne coa t ings .  It i s  b e l i e v e d  t h a t  most 

metal  f u r n i t u r e  f a c i l  i t i e s  w i l l  seek t o  meet f u t u r e  r e g u l a t i o n s  th rough 

the use o f  c o a t i n g s  which a r e  l ow  i n  o rgan ic  s o l v e n t .  



GLOSSARY 

Prime c o a t  means the  f i r s t  f i l m  o f  c o a t i n g  a p p l i e d  i n  a two-coat  ope ra t i on .  

* Topcoat means t h e  f i n a l  f i l m  o f  c o a t i n g  a p p l i e d  i n  a two-coat  ope ra t i on .  

* S i n g l e  c o a t  means o n l y  one f i l m  o f  c o a t i n g  i s  a p p l i e d  on t h e  meta l  
s u b s t r a t e .  

Faraday cag ing means a r e p e l l i n g  f o r c e  generated d u r i n g  e l e c t r o s t a t i c  
sp ray ing  o f  powders i n  co rne rs  and smal l  enclosed areas o f  meta l  
s u b s t r a t e ,  

B l o c k i n g  agent  means an agent  which i s  re leased  f rom t h e  polymer m a t r i x  
d u r i n g  t h e  c u r i n g  process.  I t  i s  no rma l l y  an o r g a n i c  r a d i c a l  and sp l  i t s  
f rom t h e  monomer o r  o l i gmer  a t  a predetermined temperature,  t he reby  
exposing r e a c t i v e  s i t e s  which then combine t o  fo rm t h e  polymer. Such 
r e a c t i o n s  d u r i n g  t h e  c u r i n g  process may r e l e a s e  a d d i t i o n a l  v o l a t i l e  
o rgan ic  compounds i n t o  t h e  atmosphere. 

Low o rgan ic  s o l v e n t  c o a t i n g  r e f e r s  t o  c o a t i n g s  which c o n t a i n  l e s s  o rgan ic  
s o l v e n t  than t h e  conven t iona l  coa t ings  used by i n d u s t r y ,  Low o rgan ic  s o l v e n t  
c o a t i n g s  i n c l u d e  water-borne,  h i g h e r - s o l i d s ,  e l e c t r o d e p o s i t i o n  and powder 
coa t ings ,  
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Equiva l  ent  
Me, t r ic- U n i t  M e t r i c  Name Eng l i sh  U n i t  

Kg k i log ram (loJgrams) 2.2046 l b  
1it e r  1 i t e r  0.0353 ft3 

dscm d r y  s tandard cub ic  meter 35.31 ft3 

scmm standard cub ic  meter p e r  min. 35.31 f t 3 /m in  

Mg 
m e t r i c  t o n  

6megagram (10 grams) 
6m e t r i c  t o n  (10 grams) 

2,204.6 

2,204.6 

l b  

I b  

I n  keeping wi t h  U .S. Environmental P ro tec t i on  Agency po l  icy,metri c 

u n i t s  a re  used i n  t h i s  report..  These u n i t s  may be conver ted t o  common 

Eng l i sh  u n i t s  by us i ng  t h e  above convers ion f a c t o r s .  

Temperature i n  degrees Cels ius (CO) can be converted t o  temperature 

i n  degrees Farenhei t  (OF) by  t h e  f o l l o w i n g  formula:  

to = temperature i n  degrees Farenhei t  

to, = temperature i n  degrees Cels ius o r  degrees Ccnt igraae 
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i. O  SOURCES AND TYPES OF EMISSIONS 

T h i s  chap te r  p rov ides  a genera l  i n t r o d u c t i o n  t o  t h e  me ta l  f u r n i t u r e  

i n d u s t r y ,  t h e  methoas by  which convent iona l  so l ven t -bo rne  coa t ings  a r e  

app l ied ,  and v o l a t i  7e o r g a n i c  s o l v e n t  ( V O C )  emissions which can be 

expected f rom these  coa t ings .  

1.1 GENERAL DISCUSSION 

Metal f u r n i t u r e  i s  manufactured f o r  b o t h  i n d o o r  and ou tdoor  use, and 

may be d i v i d e d  i n t o  two genera l  ca tegor ies ;  "business and i n s t i t u t i o n a l  " , and 

"household! Business and i n s t i t u t i o n a l  f u r n i t u r e  i s  manufactured f o r  use 

i n  h u s p i t a l  s, schools,  a t h l e t i c  stadiums, r e s t a u r a n t s ,  l a b o r a t o r i e s  and o t h e l  

t ypes  o f  i n s t i t u t i o n s ,  and government and p r i v a t e  o f f i c e s .  Household 

metal  f u r n i t u r e  i s  manufactured m o s t l y  f o r  home and general  o f f i c e  use. 

A1 though t h e r e  a r e  more than  t w i c e  as many manufac turers  o f  meta l  household 

f u r n i t u r e ,  on t h e  average, those  t h a t  manufacture me ta l  bus iness and 

i n s t i t u t i o n a l  f u r n i t u r e  a r e  t w i c e  as l a r g e .  About h a l f  o f  t h e  meta l  house- 

h o l d  f u r n i t u r e  m a n u f ~ c t u r e r s  employ l e s s  than  20 employees.' Meta l  f u r n i t u r e  

i nc ludes  a  v a r i e t y  o f  i tems i n c l u d i n g  t a b l e s ,  c h a i r s ,  waste baskets,  beds, 

desks, l ocke rs ,  benches, she1 v ing,  f i l e  cab ine ts ,  lamps, room d i v i d e r s  and 

many o t h e r  s i m i l  a r  p roduc ts .  

Metal f u r n i t u r e  p l a n t s  are 1 ocated th roughou t  t h e  U n i t e d  Sta tes ,  however, 

I l l i n o i s ,  C a l i f o r n i a ,  Michigan,  New York and Pennsylvania c o n t a i n  o v e r  50 

pe rcen t  o f  t h e  p l a n t s  i n  t h e  i n d u s t r y .  The Environmental  P r o t e c t i o n  Agency's 

Region V con ta ins  about  30 percent  o f  t h e  i n d u s t r y ,  Regions I 1  and I V  about  

16 pe rcen t  each, and Regions II 1  and I X  about  11 percent  each. P lan ts  vary 



i n  s i z e  depending on t h e  t y p e  o f  f u r n i t u r e  manufactured, t h e  number o f  

manufac tur ing  and c o a t i n g  1  i nes ,  and t h e  amount o f  assembly requ i red .  

The manufac tur inq  markets  o f  metal  f u r n i t u r e  f a c i l i t i e s  va ry .  Some 

p l a n t s  manufacture meta l  f u r n i t u r e  t o  be s o l d  d i r e c t l y  t o  consumers 

th rough r e t a i l  s to res .  I n  c o n t r a s t ,  " j o b  shops", produce f u r n i t u r e  on 

c o n t r a c t .  The l a t t e r  f a c i l i t i e s  a p p l y  coa t ings  on many d i f f e r e n t  f u r n i t u r e  

p ieces accord ing t o  t h e  customer 's s p e c i f i c a t i o n s .  The s i z e  of  a metal  

f u r n i t u r e  c o a t i n g  l i n e  v a r i e s  depending on t h e  f u r n i t u r e  coated, t h e  t y p e  

01' c o a t i n g  a p p l i c a t i o n  used, and on how many coa ts  a r e  a p p l i e d .  The 

c o a t i n g  1  i n e  can have a steady p r o d u c t i o n  r a t e  rang ing  f rom 8 t o  24 f e e t  

pe r  minute,  o r  t h e  f u r n i t u r e  p ieces may be coated s p o r a d i c a l l y .  

Coat ings appl  i e d  i n  each p l a n t  vary  w i t h  persona l  p re ference,  t y p e  o f  

f u r n i t u r e ,  appl  ic a t  ion technique,  pre t reatment ,  and end use. Convent ional  

c o a t i n g s  a r e  a p p l i e d  a t  0.7 t o  1.5 m i l s  th i ckness .  Most o f  t h e  coa t ings  

a r e  enamels a l though  some lacquers  a r e  a l s o  used. Some metal  f u r n i t u r e  

p ieces a r e  coated w i t h  meta l  1 i c  coat ings .  The most comnon c o a t i n g s  a r e  

a lkyds,  epoxies and a c r y l i c s  c o n t a i n i n g  va r ious  m i x t u r e s  o f  ketones,  

aromat ic ,  a1 i p h a t i c ,  terpene,  e s t e r ,  e t h e r  and a l coho l  so l ven ts .  The coa t ings  

a r e  o f t e n  purchased a t  h i g h e r  s o l  i d s  con ten ts  b u t  a r e  t h i n n e d  f o r  a p p l i c a t i o n  

t o  about  25 t o  35 volume pe rcen t  so l . ids .  

The c o a t i n g s  a p p l i e d  t o  metal  f u r n i t u r e  must p r o t e c t  t h e  metal  f rom 

co r ros ion ,  be i t  i n d o o r  o r  ou tdoor  f u r n i t u r e .  They must have good adhesion 

p r o p e r t i e s  t o  a v o i d  p e e l i n g  o r  ch ipp ing ,  must be du rab le  and must meet 

customer standards o f  appearance. 



1 .2  PROCESSES AND EMISSION POINTS 

F i g u r e  1 -1  d e p i c t s  a t y p i c a l  meta l  f u r n i t u r e  l i n e .  Unassembled, 

stmi-assembl ed o r  t o t a l l y  assembled f u r n i t u r e  p ieces  f i r s t  a r e  t r a n s p o r t e d  

on a  conveyor t h rouqh  a  c l e a n s i n g  process.  Here an a l k a l i n e  c l e a n e r  

r m o v e s  m i l l  sca le ,  g rease and o i l .  A f t e r  a  h o t  r i n s e ,  i r o n  phosphate o r  

o t h e r  p re t rea tmen t  o f t e n  i s  employed t o  improve c o a t i n g  adhesion and prevent  

r u s t i n g .  F o l l o w i n g  a c o l d  r l n s e ,  t h c  p ieces  a r e  d r i e d  a t  130"-180°C 

(;!50° - 350" F) . I n  some cases, t h e  e n t i r e  wash s e c t i o n  i s  o m i t t e d  and t h e  

p ieces  a re  c  1  eaned i n  a  s h o t - - b l a s t i n g  chamber o r  o r g a n i c  s o l  vent  c l e a n i n g  

o p e r a t i  on. 

Most me t a l  f u r n i t u r e  i s  f i n i s h e d  w i t h  a  s i n g l e - c o a t  o p e r a t i o n .  Some 

p ieces ,  however, r e q u i r e  a  pr ime c o a t  app l  i c a t i o n  due t o  t h e  topcoa t  

f o r m u l a t i o n  o r  t h e  end-use o f  t h e  p i e c e .  The pr ime c o a t  may be a p p l i e d  by  

e l e c t r o s t a t i c  o r  convent ional l  spray,  d i p  o r  f l o w c o a t i n g  techn iques.  The 

s u b s t r a t e  w i t h  t h e  pr ime coat  t h e n  goes th rough  a  f l a s h o f f  p e r i  od t o  a v o i d  

popping of t h e  f i l r n  when t h e  c o a t i n g  i s  baked. The pr ime coat  i s  u s u a l l y  

bdked i n  an oven a t  about  160" t o  200°C (300"-400°F). 

The topcoa t  o r  d s i n g l e  coa t  may be appl  i e d  by sp ray ing ,  d i p p i n g  o r  

f l owcoa t i ng .  Ifa ~ l a n tmanufactures f u r n i t u r e  i n  a  v a r i e t y  o f  c o l o r s ,  

n e c e s s i t a t i n g  f requen t  c o l o r  changes, t h e  c o a t i n g  i s  u s u a l l y  sprayed e i t h e r  

e l e c t r o s t a t i c a l l y  o r  by  conven t i ona l  a i r l e s s  o r  a i r  spray  methods. I f  a 

p l a n t  manufactures f u r n i t u r e  i n  o n l y  one o r  two c o l o r s ,  t h e  c o a t i n g  o f t e n  

i s  a p p l i e d  e i t h e r  by f l o w c o a t i n g  o r  b j  d ipp ing .  

E l e c t r o s t a t i c  spray c o a t i n g  may be performed e i t h e r  manual ly  o r  au to -  

ma t i  c a l  l y  a1 though no st spray  c o a t i n g  i n  meta l  f u r n i t u r e  f a c i l  i t i e s  i s  done 

manua l ly .  The p a i n t  p a r t i c l e s  a r e  n e g a t i v e l y  charged, move a l o n g  t h e  p a t h  





of' an e l e c t r i c  f o r c e  f i e l d  c r e a t e d  between t h e  spray  gun and t h e  grounded 

metal  f u r n i t u r e  p iece,  and c o a t  t h e  p iece.  T h i s  method o f  a p p l i c a t i o n  i s  

more e f f i c i e n t  t h a n  t h e  convent iona l  a i  r o r  a i r 1  ess spray methods because 

t h e r e  i s  l e s s  ove rsp ray  the reby  reduc ing  t h e  amount o f  p a i n t  t h a t  must be 

sprayed and t h e  VOC t h a t  evaporates. 

Spray c o a t i n g  i s  performed i n  a booth  t o  c o n t a i n  ove rsp ray  and prevent  

su r face  con tamina t ion ,  Two k inds  o f  spray  booths a r e  u s u a l l y  found i n  

t h e  metal  f u r n i t u r e  i n d u s t r y ,  down d r a f t  o r  s i d e  d r a f t .  A i r  f l o w  r a t e s  

fnm spray booths  v a r y  depending on whether i t i s  occup ied b y  people, on t y p e  

o f  spray  booth, and on s i z e  o f  sp ray  booth  and openings. The minimum a i r  

v e ' l o c i t i e s  a r e  p r e s c r i b e d  b y  OSHA t o  assure  cap tu re  o f  p a i n t  

p a r t i c l e s  and i n s u r e  t h e  VOC c o n c e n t r a t i o n  does n o t  exceed t h e  t h r e s h o l d  

l i m i t  va lues.  

D i p  c o a t i n g  i s  t h e  immersion o f  p ieces i n t o  a c o a t i n g  ba th .  A f t e r  

w i thdrawal ,  t h e  excess c o a t i n g  i s  a l l o w e d  t o  d r a i n  back i n t o  t h e  tank .  

F lowcoat ing  i n v o l v e s  conveying t h e  p i e c e  o v e r  an enc losed s ink ,  and 

a l l o w i n g  pumped streams o f  c o a t i n g  t o  h i t  t h e  p i e c e  f rom a l l  angles,  f l o w  

o v e r  t h e  p iece  and coat  it. Excess c o a t i n g  d r a i n s  back i n t o  t h e  s i n k ,  i s  

f i l t e r e d  and pumped hack i n t o  a c o a t i n g  ho l  d ing  tank .  

The coated f u r n i t u r e  i s  u s u a l l y  baked i n  an oven b u t  i n  some cases i s  

a i r  d r i e d .  The f l a s h o f f  area 1i e s  between t h e  c o a t i n g  a p p l i c a t i o n  area 

and t h e  oven. T h i s  a l l o w s  s o l v e n t s  t o  r i s e  s l o w l y  i n  t h e  c o a t i n g  f i l m ,  

thus  a v o i d i n g  popping o f  t h e  f i l m  when t h e  c o a t i n g  i s  baked. The f r a c t i o n  

o f  t h e  s o l v e n t  which evaporates i n  t h i s  area w i l l  depend on t h e  t ype  

of c o a t i n g  used, l i n e  speed and t h e  d i s t a n c e  between t h e  a p p l i c a t i o n  area 

and oven. 



The bak ing  oven may c o n t a i n  severa l  zones a t  temperature  ranges o f  

160" t o  230°C (300-450°F). The exhaust  a i r  f l o w  r a t e  f rom t h e  ovens w i l l  

depend on t h e  t y p e  and s i z e  o f  t h e  oven, and t h e  s i z e  o f  t h e  oven openings 

through which t h e  p a r t s  e n t e r  and e x i t .  F i r e  Underwr i t e rs  Insurance 

t y p i c a l l y  r e q u i r e s  t h a t  t h e  atmosphere w i t h i n  i n d u s t r i a l  b a k i n g  ovens 

n o t  exceed 25 pe rcen t  o f  t h e  l o w e r  e x p l o s i v e  l i m i t  (LEL) o f  t h e  evapora t i ng  

so l ven ts .  T h i s  means t h a t  about 10,000 s c f  o f  a i r  i s  r e q u i r e d  t o  evapora te  

1 g a l l o n  o f  s o l v e n t .  Some f a c i l i t i e s  have been a l l o w e d  t o  o p e r a t e  a t  h i g h e r  

LEL ' s  (around 50 pe rcen t ) ,  however, i f  p roper  LEL m o n i t o r i n g  equipment i s  

used. Many metal  f u r n i t u r e  baking ovens p r e s e n t l y  ope ra te  between 5-1 5  

percent  of t h e  LEL. The p r i n c i p l e  reason f o r  m a i n t a i n i n g  such low concen- 

t r a t i o n  l e v e l s  i s  t h a t  t h e  oven must be ma in ta ined  under n e g a t i v e  pressure  t o  

a v o i d  s p i l l a g e  of fumes i n t o  t h e  p l a n t .  T h i s  r e q u i r e s  a  1 5  mpm (50 fpm) 

t o  a  45 fpm ( 1  50 fpm) a i r  v e l o c i t y  th rough t h e  oven openings. The lower  

v e l o c i t i e s  a r e  common t o  ovens which use a i r  c u r t a i n s  t o  c o n t a i n  s p i l l a g e .  

Siince t h e  openings a r e  o f t e n  l a r g e  t o  accommodate t h e  v a r i e t y  o f  coated meta l  

f u r n i t u r e  p ieces,  t h e  a i r  f l o w  r e q u i r e d  t o  m a i n t a i n  t h e  oven under nega t i ve  pres-  

s l l re  may exceed t h e  a i r  f l o w  r e q u i r e d  t o  m a i n t a i n  t h e  oven below 25 percent  LEL. 

V o l a t i l e  o rgan ic  compounds a r e  e m i t t e d  f rom t h e  c o a t i n g  area, t h e  f l a s h -  I
o f f  area and t h e  oven. It i s  es t ima ted  t h a t  i n  spray  a p p l i c a t i o n s ,  about  

65-80 percent  o f  t h e  VOC a r e  re leased  f rom t h e  spray  booth  and t h e  f l a s h o f f  
, 
1 

area, and t h e  remain ing 20-35 pe rcen t  f rom t h e  oven. For  a  d i p  o r  f l owcoa t  i 
a p p l i c a t i o n ,  i t  i s  e s t i m a t e d  t h a t  about 50-60 pe rcen t  of  t h e  VOC a r e  e m i t t e d  

f rom t h e  c o a t i n g  and f l a s h o f f  area, and t h e  o t h e r  40-50 percent  f r o m  t h e  oven. 



Table  1-1 summarizes es t ima ted  VOC emissions from meta l  f u r n i t u r e  c o a t i n g  

opera t i ons .  Note t h a t  emissions w i l l  v a r y  f rom l i n e  t o  l i n e  due t o  i t s  

c o n s t r u c t i o n  and t h e  t y p e  o f  c o a t i n g  a p p l i e d .  

F i g u r e  1-2 d i s p l a y s  t h e  r e l a t i o n s h i p  between VOC emissions and f l o w -  

r13te  w i t h  i s o p l e t h s  o f  o r g a n i c  concen t ra t i ons  (LEL). Note t h a t  f o r  a g i ven  

emiss ion r a t e ,  t h e  exhaust f l o w r a t e  a t  one percent  LEL c o n c e n t r a t i o n  i s  

110t imes t h a t  a t  10 pe rcen t  LEL. The f l o w r a t e  and r e s u l t i n g  concen t ra t i ons  

a r e  a f u n c t i o n  o f  many fac to rs ;  open o r  enc losed spray  booths,  d i p  o r  

f lowcoater ,  f l a s h o f f  area o r  an oven. U n f o r t u n a t e l y ,  f l o w r a t e s  a r e  o f t e n  

designed f o r  t h e  wors t  s i t u a t i o n  and may be excess i ve  f o r  t h e  t y p i c a l  

p iece  coated by t h e  f a c i l i t y .  



-- -- 

Tab1 e 1-1 DISTRIBUTION OF VOC EMISSIONSaFROM METAL FURNITURE 
COATING LINES 

Appl ic a t ion A p p l i c a t i o n  and 
Met hod F l  ashof f  Area Oven 

E l e c t r o s t a t i c  Spray 

Convent ional  A i r  o r  
A i r l e s s  Spray 

D ip  

Flow 

a 
The base case coa t ing  i s  a p p l i e d  a t  25 volume percent  s o l i d s ,  75 volume percent  o r g a n i c  s o l v e n t  
which i s  equ iva len t  t o  a VOC emiss ion f a c t o r  o f  0.66 kg o f  o r g a n i c  s o l v e n t  per  l i t e r  o f  c o a t i n g  
(5 .5  l b s l g a l )  minus water .  



20 40 60 80 100 120 140 160 180 200 

l b s  o f  o r g a n i c  s o l v e n t  (VOC) e m i t t e d  p e r  hour  

F i g u r e  1-2.  Re1 a t i  onshi  p between VOC emission,  exhaust  f lowra tes  and 
VOC c o n c e n t r a t i  ons. 
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2.0 APPLICABLE SYSTEMS OF EMISSION REDUCTION 

This chapter discusses low polluting coatings and add-on equipment 

f o r  the  control of VOC from conventional coating applications used in the 

metal furniture industry. I t  a1 so discusses other methods of applying 

coatings (powder and el ectrodeposi t ion)  which resu l t  in low VOC emissions. 

Tab1 e 2 SUMMARY OF APPLICABLE CONTROL TECHNOLOGY 
FOR METAL FURNITURE 

Percent Reduction I n  
Control Techno1 ogy Coating Appl i  cation Organic Emi ssi  ons 

-

Powder (spray or dip) Top o r  s ingle  coat 95-9ga 

Water-borne (el  ectro- Prime o r  s ingle  coat 
deposition) 

Water-borne (spray, d i  p Prime, top o r  single coat 60-9oa 
or f l  wcoat)  

High!er sol i  ds (spray) Top or  s ingle  coat 50-8oa 

Carbon adsorption Prime, top o r  single 
coat ( appl i  cation 
and flashoff areas)  

Incineration Prime, top o r  s ingle  coat gob 
(ovens) 

a ~ h ebase case against which these percent reductions were calculated i s  a 
high organic solvent coating which contains 25 volume percent solids and 75 
volume percent organic solvents. The transfer  eff iciencies for liquid coatings 
were assumed to be about 80 percent f o r  spray and 5)U percent for  d i p  o r  flow- 
coat, for  powders about 93 percent, and fo r  electrodeposition 99 percent. 

b ~ h i s  percent reduction i n  VOC emissions i s  only across the control device, and 
does not take into account the capture efficiency. 



2.1 POWDER COATING 

Powder coa t ings  nilay be a p p l i e d  e l e c t r o s t a t i c a l l y  by  s p r a y i n g  o r  d i p p i n g ,  

o r  by d i p p i n g  t h e  preheated metal  i n t o  a f l u i d i z e d  bed. E l e c t r o s t a t i c  

sp ray ing  o f  powder i s  used more w i d e l y  i n  meta l  f u r n i t u r e  than f l u i d i z e  bed 

because o f  i t s  ab i !  i t y  t o  coa t  t h e  p ieces w i t h  t h i n n e r  f i l m s  o f  c o a t i n g  

E l e c . t r o s t a t i c  sprayed powders can be a p p l i e d  a t  f i l m  th i cknesses  o f  2  m 1  s  

o r  g r e a t e r  w h i l e  f1 :~ ic l i sed bed powders a r e  l i m i t e d  t o  6 m i l s  o r  g r e a t e r  

A f t e r  a p p l i c a t i o n ,  the powder p a r t i c l e s  a r e  m e l t e d  and cu red  i n  t h e  oven t o  

form a cont inuous ,sol i d  f i l m .  Al though powders appear t o  be 100 percent  

s o l i d s ,  i t i s  n o t  unusual f o r  them t o  c o n t a i n  smal l  q u a n t i t i e s  o f  entrapped 

o r g a n i c  s o l v e n t .  Powders can re lease  up t o  10 we igh t  pe rcen t  o f  VOC d u r i n g  

t h e  c u r i n g  process.  ' Therefore ,  t h e  r e d u c t i o n  i n  emissions f o r  powders may 

range from 95 t o  99 percent  o v e r  convent iona l  systems. Powder coa t ings  a r e  

p r e s e n t l y  be ing  a p p l i e d  on some f u r n i t u r e  such as ou tdoor  and i n d o o r  f u r n i t u r e ,  

bed and c h a i r  frames, s h e l v i n g  and s tad ium sea t ing .  2,3,4 

E l e c t r o s t a t i c  powder spray c o a t i n g  may be performed e i t h e r  manual ly  o r  

a u t o m a t i c a l l y .  Powder p a r t i c l e s  a r e  charged as t h e y  pass th rough t h e  spray 

gun, and subsequent ly  a r e  a t t r a c t e d  t o  t h e  grounded meta l  f u r n i t u r e  p iece.  

The powder can wrap around t h e  edges o f  conipl i c a t e d  forms and i s  s e l f - l e v e l i n g  

on f l a t  p ieces.  F i l m  th i ckness  may be c o n t r o l l e d  by voltaqe,and a t h i ckness  o f  

3 t o  4 m i l s  can e a s i l y  be achieved. F i l m  th icknesses o f  2 t o  3 m i l s  can be 

ach l~eved w i t h  s p e c i a l  a t t e n t i o n  and a ve ry  c l o s e  c o n t r o l .  Th inne r  f i l m s ,  however, 

have been achieved o n l y  i n  t h e  l a b o r a t o r i e s  and n o t  on p r o d u c t i o n  1  i nes .  5  

Powder spray r o a t i n g  r e q u i r e s  a booth as does spray  coa t ing  w i t h  

convent iona l  c o a t i  nqs . However, v e n t i l a t i o n  requ i  rements a r e  g r e a t l y  reduced 

f rom those  o f  s o l v e n t b o r n e  spray booths m a i n l y  because t h e  booths a r e  n o t  

occupied.  T h i s  o b v i a t e s  t h e  need t o  heat  o r  a i r  c o n d i t i o n  a i r  go ing i n t o  t h e  



spray booth  and saves energy. Most powder overspray  may be rec la imed  and 

reused. Some overspray ,  however, has t o  be removed and reprocessed because 

i t  c o n s i s t s  o f  l a r g e r  and h e a v i e r  granu les  which a r e  n o t  s u i t a b l e  f o r  reuse. 6 

The a b i l i t y  t o  c o l l e l z t  overspray  can p r o v i d e  a  h i g h  c o a t i n g  u t i l  i z a t i o n .  To 

change c o l o r s  i n  a  powder c o a t i n g  system, t h e  booth  and recovery  u n i t s  must 

be c leaned thorough1.y t o  a v o i d  c o l o r  contaminat ion .  To sho r ten  t h e  t i m e  

r e q u i r e d  f o r  a c o l o r  changeover, some p l a n t s  have s e v e r a l  recovery  u n i t s  t h a t  

may be e a s i l y  connec%ed t o  t h e  spray  booth.  Some have a l s o  purchased m u l t i p l e  

mobi 1  e  spray booths  w i t h  a s s o c i a t e d  recove ry  equipment. 

Powder c o a t i n g  may a l s o  he appl  i e d  by d i p p i n g  meta l  p ieces i n t o  a  f l u i d i z e d  

bed. I n  t h e  metal  f u r n i t u r e  i n d u s t r y ,  d i p p i n g  has t h e  disadvantage o f  app ly -  

i n g  powder o n l y  i n  t h i c k  films ( a t  l e a s t  6 m i l s ) .  The metal  f u r n i t u r e  p iece  

i s  preheated t o  t h e  m e l t i n g  p o i n t  of t h e  powder, d ipped i n t o  t h e  bed and 

h e l d  t h e r e  u n t i l  t h e  d e s i r e d  f i l m  t h i c k n e s s  i s  achieved.  I n  e l e c t r o s t a t i c  

f l u i d  bed coa t ing ,  t h e  powder p a r t i c l e s  a r e  charged and become a t t r a c t e d  t o  

t h e  grounded ,usual l y  unheated ,metal p i e c e  moving through t h e  bed. The 1  a t t e r  

method i s  1  i m i  t e d  t o  simp1 e  shapes. 

Powder coa t inqs  a r e  baked a t  temperatures  o f  180" t o  230°C (300-450°F). 

Since t h e  c o n c e n t r a t i o n s  of o rgan ics  a r e  a lmost  i n s i g n i f i c a n t  compared t o  

convent i  onal coat i ngs  and no f l a s h o f f  zones a r e  r e q u i  red, s m a l l e r  ovens may be 

i n s t a l l e d .  F u r t h e r  t e c h n i c a l  d e t a i l s  on t h e  use of  powder coating's may be 

7found i n  Vulume I ,  Sect ions  3.3.3 and 3.3.5. 

2.2 ELECTRODEPOSITION 

E l e c t r o d e p o s i t i o n  (EDP) i s  b e i n g  used a t  severa l  f a c i l i t i e s  t o  c o a t  metal  

f u r n i t u r e  w i t h  0 .5  t o  1.2 m i l s  of  f i l m  th i ckness .  8,9910 The th i ckness  may 

be a d j u s t e d  somewhat by v a r y i n g  v o l t a g e  and immersion t ime. E lec t rodepos i  t i o n  
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provides increased cor ros ion  p r o t e c t i o n  and appl ies  t h i n  coat ings more 

un i fo rm ly  and a t  a  g rea te r  t r a n s f e r  e f f i c i e n c y  than any o t h e r  a p p l i c a t i o n  

system. A1 though e lect rodepos i  t i o n  was p rev ious ly  1i m i  t e d  t o  one t o  two 

co lo rs ,  a new i n s t a l l a t i  on w i l l  be app ly ing  f o u r  d i f f e r e n t  co l o r s .  

EDP coat-ings a re  a p p l i e d  from an aqueous bath which conta ins about 

10--15 volume percent  sol  i d s  and 2-4 volume percent  o rgan ic  solvents.  A 

d i r e c t  cu r ren t  i s  app l i ed  i n  t h e  bath causing t h e  s o l i d s  t o  become at tached 

t o  the grounded metal p iece.  E lec t r odepos i t i on  can be performed e i t h e r  

anod i ca l l y  o r  c a t h o d ~ c a l l y .  The metal emerges from the  ba th  w i t h  a coa t ing  

con ta in ing  about 90 vo l  ume percent  s o l i d s ,  1  t o  2 percent  o rgan ic  so lven t  and 

t h e  balance water.  1 t  i s  r i n sed  t o  e l i m i n a t e  excess p a i n t  p a r t i c l e s  and 

bak.ed a t  160' t o  180°C (300-350°F). The r i n s i n g  water i s  o f t e n  obta ined from 

t h e  discharge from t h e  u l t r a f i l t e r .  U l t r a f i l t r a t i o n  purges most o f  t h e  

so lub le  organics ,  amines and contaminat ing ions  from t h e  r i n s e  res idue and 

re tu rns  t h e  s o l i d s  p o r t i o n  t o  t he  bath.  

For f u r t h e r  t echn i ca l  d e t a i l s  i n  t h e  use o f  e l ec t r odepos i t i on  coa t ing  

12technology, see Volume, Sect ion 3.3.1. 

2.3 WATER-WRNE - SPRAY, D I P  O R  FLOWCOAT 

Since water-borne coat ings have s i m i l a r  c h a r a c t e r i s t i c s  t o  organic  

so l  vent-borne coat ings,  they  can o f t e n  be s u b s t i t u t e d  f o r  e x i s t i n g  s o l  vent-  

borne coat ings w i t hou t  r e q u i r i n g  major changes t o  e x i s t i n g  coa t ing  equipment. 

There may be however, sane necessary a l t e r a t i o n s  i n  equipment o r  t he  coa t i ng  

1  in12 t o  p r o t e c t  t h e  equipment f rom corros ion, to  lengthen t h e  f l a s h o f f  area 

and sometimes t o  con t ro l  t h e  humid i t y  i n  t h e  a p p l i c a t i o n  and f l a s h o f f  areas. 

Several metal coa t ing  f a c i l  i t i e s  have been successful i n  conver t ing t h e i r  

e x i s t i n g  f low,  d i p  and spray (bo th  e l e c t r o s t a t i c  and convent ional  ) opera t ion  

t o  apply water-borne coat ings.  



Some organic  so lvents  must be a p a r t  o f  a  water-borne coa t ing  t o  

temper t h e  evaporat ion rate,and t o  p rov ide  f i l m  coalescence and t he  necessary 

f i l m  p rope r t i es .  A reduct ion o f  60-90 percent i n  VOC emissions may be 

obt,ained by conversion t o  a  water-borne coat ing.  

Water-borne coat ings may be sprayed e l e c t r o s t a t i c a l  l y  on small coa t ing  

1  ines i f  the  e n t i r e  coa t ing  system i s  e l e c t r i c a l l y  i so l a ted .  On l a r g e r  l i n e s ,  

however, where t he  p a i n t  storage areas a re  hundreds o r  even thousands o f  

f e e t  away from t h e  appl i c a t i o n  areas, e l e c t r i c  i s o l a t i o n  o f  t h e  e n t i r e  

system becomes d i f f i c u l t  and sometimes f i n a n c i a l l y  imp rac t i ca l .  13314 co 1 o r  

changes o f t e n  requ i r e  on1 y t h a t  t h e  app'l i c a t i o n  system be f lushed  o u t  w i t h  

water. Coat ing w i t h  water-borne coat ings may r e q u i r e  more a t t e n t i  on t o  t h e  

coa t ing  process s ince temperature, humid i ty ,  gun-to-metal d is tance and 

f l a s h o f f  t ime  may change t he  looks and performance o f  t h e  coat ing.  Convent i ona l  

a i r  and a i r l e s s  spray techniques may a lso  be used t o  apply  water-borne coat ings .  

Fur1:her t echn i ca l  d e t a i l s  on t h e  use o f  water-borne coat ings may be found i n  

Volume I,Sect ions 3.3.1 and 3.3.5.  15  

2.4 HIGHER SOLIDS SPPAY 

The ach ievable  VOC emission reduc t ion  by sw i tch ing  t o  h igher  s o l i d s  

coat ings may range from 50 t o  80 percent  depending on t h e  t ype  o f  coat ing 

used p rev i ous l y  and the volume percentage o f  s o l i d s .  H igher  so l  i d s  coat ings 

16
are  be ing used on both p i l o t  and f u l l  product ion 1  ines.  

Higher s o l i d s  coat ings can be app l i ed  most e f f i c i e n t l y  by automated 

e l e c t r o s t a t i c  spraying a1 though manual and convent ional  spraying techniques 

can a1 so be used. Some minimal increase i n  energy may be requ i red  t o  r a i s e  

t h e  pressure o f  t h e  spray gun, heat t he  coat ing,  o r  power e l e c t r o s t a t i c  spray 



17  
equipment i n  o rder  t o  pump and atomize these coat ings due t o  t h e i r  h igher  

v i s c o s i t i e s .  T rans fe r  e f f i c i e n c i e s  o f  h igher  so l  i d s  coat ings a re  o f t e n  

b e t t e r  than those o f  convent ional  coat ings,  p a r t i c u l a r l y  when sprayed 

e l  e c t r o s t a t i c a l  l y  . 18 

As t h e  s o l i d s  content  i s  increased i n  a  coat ing,  l e ss  so lven t  i s  

released f o r  each dry m i l  o f  coat ing.  Th is  may permi t  some reduc t ion  i n  

a i r  f l o w  t o  t h e  booth ( i f  t h e  a i r  f l ow was o r i g i n a i i y  determined by the  th resho ld  

l i m i t  o f  o rgan ic  sol  vents) r e s u l t i n g  i n  an energy savings.19 This  reduc t ion  

however, w i l l  be 1  i m i t e d  by the  successful c o l l e c t i o n  of overspray p a r t i c l e s .  The 

lower so lven t  content may a l so  a l l ow  t h e  a i r  f low from t h e  oven t o  be reduced. 

Fur ther  techn ica l  d e t a i l s  on the  use o f  h i gh  s o l i d s  coa t ings  may be 
20

found i n  Volume I,Sect ion 3.3.2. 

2.5 CARBON ADSORPT ION 

As discussed i n  Chapter 1, from 50 t o  80 percent o f  t h e  v o l a t i l e  organic  

compounds from metal f u r n i t u r e  coat ings a re  emi t t e d  f rom t h e  a p p l i c a t i o n  

and f l a s h o f f  areas. The use o f  carbon adsorpt ion can reduce emissions from these 

areas by 75 t o  90 percent depending on t h e  capture e f f i c i e n c y  i n t o  t h e  con t ro l  

devi ce . 
Carbon adsorpt ion i s  considered a v i a b l e  c o n t r o l  op t i on  f o r  t h e  

a p p l i c a t i o n  and f l a s h o f f  areas because exhaust gases a re  a t  ambient temperature 

and conta in  o n l y  smal l  amounts o f  p a r t i c u l a t e  ma t t e r  t h a t  could contaminate 

t h e  carbon bed. Althouqh t he re  are no known i n s t a l l a t i o n s  o f  a carbon 

2 1adsorpt ion system i n  a  metal f u r n i t u r e  p lan t ,  i t i s  t e c h n i c a l l y  feas ib le ,  

and no new i nven t i on  would be requi red.  P i l o t  s tud ies  w i l l  be necessary, 

however. 



The s ize  of a carbon adsorption unit i s  dependent on the exhaust flow 

ra te ,  i t s  desorption period and VQC concentration. The flow rates and 

vol~at i le  organic concentrations will vary from each f a c i l i t y  because of 

the wide variety of metal furni ture  manufactured. If any reduction in 

the flow rate of the exhaust a i r  (within compliance with safety regulations) 

can be achieved, a  smaller and less  expensive carbon adsorber can be used. 

This reduces b o t h  capital and fixed operating costs. In order t o  optimize 

application of an add-on control device, the  flashoff areas must be enclosed 

to minimize intrusion of a i r .  

I n  conventional spray booths, some part iculate matter from overspray i s  

captured by dry f i l t e r s ,  or water o r  o i l  wash curtains a t  about 95 pcircent 

efficiency. 22 Additional part iculate removal, however, may be necessary t o  

prevent contamination of the carbon bed. Although there i s  l i t t l e  possibil i ty 

that  the recovered solvents may be di rect ly  recycled (because of the complex 

solvent mixtures), they may be  valuable (3s supplementary fuel fo r  boilers  o r  

heaters. 

Carbon adsorption systems can be large and require a large amount of 

f loor space. Some 1arge metal furniture faci 1  i t i e s  may require several dual -bed 

carbon adsorption units in parallel operation. Availability of the requisi te  

space i s  an important consideration. The metal furniture operator may have 

to construct an addition t o  the plant. 

Further technical de ta i l s  on the use of carbon adsorption may be found 

in Volume I ,  Section 3.2.1. 23 



2.6 INCINERATION 

There a re  no ser ious techn ica l  problems assoc ia ted w i t h  t h e  use o f  

e i t h e r  c a t a l y t i c  o r  n o n c a t a l y t i c  i n c i n e r a t o r s  on metal f u r n i t u r e  f a c i l i t i e s .  

I n c i n e r a t i o n  has been used t o  reduce VOC emissions from ovens i n  metal 
24

f u r n i t u r e  f a c i  1 it i e s .  

I nc i ne ra to r s  a re  more e f f i c i e n t  than carbon adsorbers f o r  reducing VOC 

emissions from metal f u r n i t u r e  ovens. Althouqh some energy i s .  r equ i r ed  t o  b r i n q  

t h e  oven exhaust t o  i n c i n e r a t i o n  temperature, t h i s  incremental  energy can 

ble minimized by the  use o f  pr imary heat exchangers. The concent ra t ion o f  organic  

vapors i s  usua l l y  h igher  i n  the  oven exhaust (5-15 percent o f  LEL) than i n  

t he  a p p l i c a t i o n  and f l a s h o f f  areas and provides some fue l  f o r  t h e  i nc i ne ra to r .  

P a r t i c u l a t e  and condensible mat te r  t h a t  i s  o f t e n  found i n  t h e  exhaust from 

h igher  temperature bak ing ovens w i l l  no t  a f f e c t  an i nc i ne ra to r ,  whereas, i t  

w i l l  coat a carbon bed and render it i n e f f e c t i v e .  I n c i n e r a t i o n  can a lso  be 

u!jed t o  reduce VOC -from a p p l i c a t i o n  and f l a s h o f f  areas. It w i l l  normal ly  

be necessary (but  no t  always poss ib le )  f o r  t h e  opera to r  t o  incorpora te  heat 

recovery systems t o  reduce f u e l  consumption t o  an acceptable l e v e l .  Otherwise 

i n c i n e r a t i o n  o f  ambient temperature, low VOC concent ra t ion,  gas streams i s  

o f t e n  energy i n t ens i ve .  

I f  t he  exhaust r a t e  can be lowered, w i t h i n  the  1  i m i t s  o f  hea l t h  and 

f i r e  s a f e t y  regu la t ions ,  l ess  f u e l  w i l l  be requi r e d  i n  t h e  i n c i n e r a t o r .  A 

h igher  VOC concent ra t ion w i l l  p rov ide  a  g rea te r  f r a c t i o n  o f  t he  t o t a l  f u e l  

requirement. Thus, inc reas ing  the  VOC l e v e l  n o t  o n l y  reduces t he  s i z e  o f  

t h e  r equ i r ed  i n c i n e r a t o r  and i t s  cap i ta1  and f i xed  opera t ing  cost ,  bu t  a l s o  

t h e  f u e l  requ i  rements. The degree o f  d i f f i c i i l  t y  i n  r e t r o f i t t i n g  i n c i n e r a t o r s  



t o  (existing metal furniture f a c i l i t i e s  will vary depending on the  age of the 

equipment and faci l  i t y ,  and where the equipment i s  located. 

In the past ,  most incinerators were f i r ed  with natural gas. Due t o  

the energy shortages, some incinerators have been converted t o  No. 2 fuel 

o i l ,  and more energy recovery rnethods have been used to reduce energy 

consumption. 

Further technical de ta i l s  on the use of incineration may be found in 

Volume I ,  Section 3.2 .2 .  26 
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3.0  COST ANALYSIS 


3.1 INTRODUCTION 

3.1.1 Purpose 

The purpose of t h i s  chap te r  i s  t o  p resen t  es t imated c o s t s  f o r  con- 

t r o l l i n g  so lven t  emissions from e x i s t i n g  coa t ing  l i n e s  a t  metal f u r n i -

t u r e  p l a n t s .  

3.1.2 Scope 

Estimates of c a p i t a l  and annualized c o s t s  a r e  presented f o r  control  

1  ing VOC ( V o l a t i l e  Organic Compounds) from a p p l i c a t i o n  a r e a s  and cur ing 

ovens assoc ia ted  with e l e c t r o s t a t i c  spray and d i p  coa t ing  l i n e s  applying 

a s i n g l e  c o a t  t o  metal she lves .  The control  a l t e r n a t i v e s  considered 

a p p l i c a b l e  t o  a  coat ing l i n e  using t h e  conventional s o l v e n t  thinned 

coa t ing  and f o r  which c o s t  e s t i m a t e s  a r e  developed inc lude :  

A l t e r n a t i v e  I  - P r o c e s s  Modification 

Conversion t o  a  coa t ing  system applying one of t h e  fol lowing 

low sol  vent coat ing m a t e r i a l s :  

1 .  Higher s o l i d s  (70% o r  above) 

2 .  Waterborne 

3 .  Powder 

A1 t e r n a t i v e  I  I - d x h a u s t  Gas Treatment 

I n s t a l  l a t i o n  of hydrocarbon con t ro l  equipment: 

1 . Carbon adsorpt ion f o r  appl i c a t i o n  exhausts  

2 .  Thermal i n c i n e r a t i o n  f o r  oven exhausts  



D e t a i l e d  c o n t r o l  c o s t s  es t ima tes  a r e  developed f o r  e x i s t i n g  c o a t i n g  

2  2l i n e s  w i t h  annual p r o d u c t i o n  r a t e s  o f  278,000 m jy r .  and 4,000,000 m / y r .  

2 2f o r  e l e c t r o s t a t i c  sp ray ing  and 650,000 m  /.yr. and 2,100,000 m l y r .  f o r  

d i p  c o a t i n g .  The cost  e f f e c t i v e n e s s  (annual i z e d  c o s t  ( c r e d i t )  per  m e t r i c  

u n i t  we igh t  o f  VOC c o n t r o l l e d )  f o r  t h e  a1 t e r n a t i v e  c o n t r o l  measures 

cons idered a r e  es t ima ted  and g r a p h i c a l l y  d i s p l a y e d  f o r  t h e  range- o f  p r o -  

d u c t i o n  r a t e s  analyzed . 

3.1.3 Use o f  Model P l a n t s  

The c o s t  a n a l y s i s  p rov ided  i n  t h i s  chap te r  r e l i e s  upon t h e  use 

o f  model c o a t i n g  1  i nes  t h a t  a r e  b a s i c a l l y  d e f i n e d  by  an annual p roduc t  

coverage r a t e  (square m e t e r s l y e a r )  f o r  1920 hours opera t i on .  I n  genera l  , 

no a t tempt  has been made t o  cons ide r  d e t a i l e d  des ign c h a r a c t e r i s t i c s  

f o r  t h e  model l i n e s  i n  terms o f  process equipment requirements,  l i n e  

speed, e t c .  However, i t  was necessary t o  es t ima te  t h e  number o f  spray 

booths, r e q u i r e d  c o a t i n g  th i ckness ,  t r a n s f e r  e f f i c i e n c i e s ,  oven and 

booth exhaust  r a t e s  i n  orde r  t o  es t ima te  c a p i t a l  and o p e r a t i n g  c o s t s  f o r  

t h e  c o n t r o l  a1 t e r n a t i  ves considered.  

It i s  emphasized t h a t  model c o a t i n g  l i n e s  used i n  t h i s  a n a l y s i s  a r e  

p a r t i c u l a r l y  s imple  i n  t h a t  a  one c o l o r  s i n g l e  c o a t  i s  a p p l i e d  t o  me ta l  

shelves.  Ana lyz inq  m u l t i - c o l o r  c o a t i n g  systems i s  beyond t h e  scope of 

t h i s  a n a l y s i s  a l t hough  some genera l  c o s t  i m p l i c a t i o n s  w i l l  be summarized 

l a t e r .  Other  f a c t o r s  i n f l u e n c i n g  c o s t  analyses o f  c o a t i n g  l i n e s  d i f -  

f e r e n t  than t h e  models chosen w i l l  be covered i n  t h e  d i scuss ion  o f  t h e  

bases f o r  model 1  i n e  c o s t  es t imates .  F i n a l l y ,  a l t hough  c o n t r o l  c o s t  



estimates based upon t he  model p l a n t  approach may d i f f e r  w i t h  ac tua l  

costs incurred,  they a re  considered t o  be t.he best  means o f  compari,ng 

the  r e l a t i v e  costs and cos t -e f fec t i veness  o f  a l t e r n a t i v e  c o n t r o l  measures. 

-Cost Estimates 3 .1 .4  Bases f o r  Cap i ta l  -----

Cap i ta l  cos t  est imates a re  intended t o  represent  t he  t o t a l  c a p i t a l  

requ i red  t o  purchase and i n s t a l l  necessary con t ro l  o r  process equipment. 

For coa t ing  l i n e s  conv82rting t o  low so lven t  coat ings,  c a p i t a l  costs  

f o r  con t ro l  a re  gene ra l l y  incremental  investments requ i red  t o  apply  t he  

d i f f le rent  coat ings.  I t  has been assumed throughout t he  model cos t  ana lys is  

t h a t  e x i s t i n g  pre- t reatment  and cu r i ng  equipment w i l l  n o t  r e q u i r e  modi- 

f i c a t i o n  i n  going t o  low-so lvent  coat ings.  Thi s  should n o t  be i n t e r p r e t e d  

t o  mean t h a t  such modi f ica. t ions a re  unnecessary i n  a l l  cases. Rather, 

f ac to r s  such as f i n i s h  s p e c i f i c a t i o n s  and the cond i t i on  o f  e x i s t i n g  equip- 

ment w i l l  d i c t a t e  how c a p i t a l  investments f o r  ac tua l  l i n e s  w i l l  compare 

w i t h  the  model est imates.  The cos t  est imates prov ided were developed 

from EPA con t rac to r  s tud ies  and by con tac t ing  f a c i l i t i e s  t h a t  have im- 

plemented coa t ing  1 ine  conversions. 7'9'10 A11 c a p i t a l  costs  a re  intended 

t o  r e f 1  e c t  second qua r t e r  1977 do1 l a r s .  

3.1 . 5  Bases f o r  --. Annual i z e d  Cost Estimates. 

Annualized cos t  est imates f o r  t he  con t ro l  a l t e r n a t i v e s  considered 

a re  developed t o  r e f l e c t  annual charges f o r  c a p i t a l  r equ i r ed  t o  purchase 

and i n s t a l  1  process equipment o r  c o n t r o l  systems, opera t ing  and maintenance 

costs  and miscel laneous r e c u r r i n g  costs such as taxes, insurance and admin- 

i s t r a t i v e  overhead. Cap i ta l  charges are ca l cu l a ted  us ing  the  " c a p i t a l  



recovery f ac to r "  formula. Operat ing costs i nc l ude  costs  f o r  ma te r i a l s ,  

u t i l i t i e s ,  l a b o r  and waste d isposal .  Net annual ized costs  f o r  process 

changes, i.e. 1  i n e  conversions, a re  the  incremental  costs  i n  go ing f rom 

the convent ional  so lven t  coa t ing  t o  the  I~JWsolven t  coat lng.  As evidenced 

l a t e r  i n  t h i s  chapter*, some conversions are p ro jec ted  t o  r e s u l t  i n  n e t  

annual ized savings w b i l e  o thers  appear t o  r e s u l t  i n  increased annual costs .  

The bases f o r  these ~1rojec.ted incremental  costs o r  savings were prov ided 

i n  References 1 and 2 .  Again i t  i s  emphasized t h a t  these model coa t ing  

l i n e  analyses are provided as a  means o f  comparing t he  r e l a t i v e  costs  o f  

a1 t e r n a t i v e  c o n t r o l  measures. The area o f  e s t i m a t i  ng incremental  annual 

costs  (savinqs) f o r  a l t e r n a t i v e  coat ings i s  one i n  which a l l  coa t ing  

sup~p l ie rs  have devoted cons iderab le  resources. Unsurp r i s ing ly ,  va ry ing  

some key assumptions can a l t e r  the  conclusions d r a s t i c a l l y .  Annual 

coa t ing  ma te r i a l  costs  appear t o  have the  g rea tes t  impact on annual costs  

(savings) when comparing d i f f e r e n t  coat ings.  D i f fe rences  i n  coa t ing  

th ickness requirements, t r a n s f e r  e f f i c i e n c i e s ,  raw ma te r i a l  costs  and so l  i d s  

content  a l l  i n f l uence  t h i s  cos t  element. Assumptions used i n  t h i s  ana lys is  

are prov ided l a t e r  i n  Table 3-2 which l i s t s  techn ica l  assumptions associated 

w i t h  t he  model coa t i ng  l i n e s .  General cos t  f a c t o r s  used t o  est imate an-

nua l i zed  costs  f o r  t he  model coa t inq  l i n e s  a re  prov ided i n  Table 3-1. A l l  

annual ized cos t  est imates a re  cu r ren t .  

3.2 CONTROL OF SOLVFNT EMISSIONS FROM METAL FURNITURE SURFACE COATING 
- COST ESTIMATES 

The techn ica l  parameters used i n  developing the  c o n t r o l  cos t  est imates 



Table  3-1. COST FACTORS USED I N  COMPUTING ANNUALIZED COSTS 

I. D i r e c t  Opera t i ng  Costs 

A. M a t e r i a l s  (As purchased) : 
* 

- A1 kyd conven t iona l  so l v e n t  c o a t i n g  (40% s o l i d s )  $2.00/1 it e r  ( $ 8 / g a l )  
* 

- P o l y e s t e r  h i g h  s o l i d s  c o a t i n g  (70% s o l i d s )  $3.70/1 it e r  ($14/ga l )  
* 

- A lkyd  Waterborne coa t i n g  (402 s o l  i d s )  $2.40/1 it e r  ( $ 9 / g a l )  

- Epoxy powder c o a t i n g  $3.30/kg ($1.5O/ l  b )  
* 

- E lec t rodepos i  t i o n  waterborne (60% s o l  i d s )  $2.90/1 it e r  ($1 1  /ga l  ) 

- Carbon $2.20/kg ($1.00/ lb )  

2. U t i l i t i e s  

- E l e c t r i c i t y  

- Na tu ra l  gas $l.gO/thousand j o u l e s  
( $ 2 . 0 0 / m i l l i o n  B t u )  

- Steam $5.50/thousand Kg 
($2.50/thousand I b )  

- B o i l e r  feed water  $0.13/thousand l i t e r s  
($0.50/thousand ga l  ) 

3.  D i r e c t  Labor 

4. Maintenance Labor 

- Process modi f i c a t i  ons $1 O/man- hour 

- Add-on systems 0.02 x C a p i t a l  Cost 

5. Maintenance M a t e r i a l s  0.02 x C a p i t a l  Cost 

6. Waste D isposa l  

- E l  ec t rodepos i  t i o n  $0.008/1 it e r  c o a t i n g  ($0.03/ga l )  

- A l l  o t h e r s  $O.O3/l i t e r  c o a t i n g  ( $ O . l l / g a l )  

Annual i z e d  C a p i t a l  Charges 

1 .  D e p r e c i a t i o n  and i n t e r e s t  0.1468 x C a p i t a l  Cost 

2. Taxes, insurance,  a d m i n i s t r a t i v e  charges 0.04 x C a p t i a l  Cost 

* By volume 



prov ided  i n  Tables 3-3 and 3-4 a r e  summarized i n  Tab le  3-2.  A d d i t i o n a l  

i n f o r m a t i o n  r e g a r d i n g  t h e  expected range f o r  many o f  these parameters i s  

i n c l u d e d  i n  Chapters Two and Three o f  t h i s  document. 

3 . 2 . 1  E l e c t r o s t a t i c  S p r a y  L i n e  

C a p i t a l  and annual i zed c o s t s  f o r  c o n t r o l  a1 t e r n a t i v e s  appl  i c a b l  e  t o  

e l e c t r o s t a t i c  spray  c o a t i n g  l i n e s  a r e  presented i n  Tab le  3-3. C a p i t a l  c o s t s  

f o r  c o n v e r t i n g  l i n e s  t o  h i g h e r  s o l i d s  c o a t i n g s  (70% and above) o r  t o  waterborne 

coa t ings  a r e  r e l a t e d  t o  appl  i c a t i o n  equipment m o d i f i c a t i o n s  o n l y .  Sources 

es t ima ted  convers ion  c o s t s  a t  between $1 0,000-$15,000 pe r  automat ic  s t a t i o n  

and about  $1,000 f o r  manual booths. 3'10 The above es t ima tes  change r a d i c a l l y  

f o r  waterborne i f  p a i n t  sources a r e  n o t  l o c a t e d  c l o s e  t o  a p p l i c a t i o n  equipment 

and i f  s t a i n l e s s  s t e e l  p i p i n g  i s  r e q u i r e d  f o r  p a i n t  r e c i r c u l a t i o n  systems. 

A d d i t i o n a l l y ,  as mentioned i n  Chapter Three, a t t e m p t i n g  t o  i n s u l a t e  t h e  remote 

p a i n t  source c o n f i g u r a t ~ o n  f rom ground t o  comply w i t h  OSHA requ i rements  c rea tes  

t e c h n i c a l  problems. C a p i t a l  c o s t s  f o r  c o n v e r t i n g  t o  a  powder c o a t i n g  a r e  

assoc ia ted  w i t h  i n s t a l  l d t i o n  a t  powder a p p l i c a t i o n  and recove ry  systems. Since 

models cons idered a r e  one c o l o r  1  i nes ,  o n l y  one recovery  system i s  i n c l u d e d  

i n  c a p i t a l  c o s t  es t imates .  Mu1 t i - c o l o r  1  i nes  w i t h  p r o d u c t i o n  r a t e s  comparable 

t o  modlel l i n e s  may r e a l i z e  h i g h e r  c o s t s  f o r  a d d i t i o n a l  recove ry  systems i n  

o r d e r  t o  min imize t h e  l onger  t imes  assoc ia ted  w i t h  powder c o l o r  changes. 

C a p i t a l  c o s t s  f o r  a c h i e v i n g  VOC emiss ion r e d u c t i o n s  comparable t o  low s o l v e n t  

coa t ings  ( i . e . ,  80% and g r e a t e r )  u s i n g  exhaust  gas t rea tmen t  appear t o  be 

g r e a t e r  t han  l i n e  convers ion cos ts .  



Tab1 e 3-2. TECHNICAL PARAMETERS FOR MODEL COATING LINES 

E l e c t r o s t a t i c  Spray L i  tie 

Number of Booths 

Automat ic 

Manual 

Dry Coat ing  Thickness,  ~m ( m i l s )  

Convent ional  s o l  ver t 

Hligher s o l  i d s  

Waterborne 

Powder 

Tranisfer e f f i c i e n c i e s  

Exhaust gas volumes , N m 3I s e c  (scfm) 

D i p  L i n e  

Dry  Colating Thickness,  11m (mi 1 s )  

Convent ional  s o l  vent  

k laterborne 

E l e c t r o d e p o s i t i o n  

T r a n s f e r  E f f i c i e n c i e s  Same as Tab le  2 - Chapter  2 

Exhaust gas volumes, -~ m " / s e c .  (scfm) 

Clip Tank 



Tab le  1 -3 .  CONTROL COSTS FOR M(DEt EXISTING ELECTROSTATIC SPRAY COATING LINES 

A l t e r n a t i v e  I - Process Change: 

I n s t a l l e d  ~ a o i t a l  Cost !$000) 

D i r e c t  Oper t i n g  Costs ( s a v i n g s )  
( WoO/y r )  P 

C a p i t a l  Charges ( $ 0 0 0 / y r . )  

278,000 Square ~ e t e r s / ~ e a r '  
(3,000,000 Square Feet /Year)  

B a s e l i n e  Costs Incremental  Co_s_t~fp_r- Convers ion 
Higher  

25% s o l i d s  S o l i d s  Waterborne Powder 

255b / 15' I lid 1 6oe 

I I I 
1 
I 

4,000,000 Square ~ e t e r s / ~ e a r ~  
(48,000,000 Square Feet /Year)  

B a s e l i n e  Costs I n c r e n ~ e n t a l  Cos ts  f o r  Convet* 

25% s o l i d s  ! !~~~~~1 ~ate~r-irne 1 ~;;;zr 

1 , 2 0 0 ~  

1 I 
i 

I 
! 

Net Annual ized Cost ( c r e d i t )  ( $ 0 0 0 / y r )  

Solvent  Emissions C o n t r o l l e d  ( ~ ~ j ~ r j ~ 
percent  Emiss ior  Reduct ion 

C o s t ( c r e d 1 t )  pe r  Mg of  V O C  
r e n t r o l l p d  ( $ / M u )  

------- A -" --
A l t e r n a t i v e  I 1  - Exhaust Gas Jredtment  (Oven) (Spray Bootb)  

Thermal I n c i n e r a t o r  p a r b a n  A d s o r p t ~ o n  Oven 
I (Spray Boo th )  1 Ol:"~inerator Carbon A d s o r p t i o n  1 

w i t h  Primary I S o l v e n t  a t  w i t h  Pr imarv S o l v e n t  a t  1 and 
-+-- Heat Recovery  _ Fuel  V a l v e  I Booth I Heat Recovery Fuel  Value j Booth. 

i I I I 

hI n s t a l l e d  C a p i t a l  Cost ($000) 

D i r e c t  Opera t ing  Costs ( $ 0 0 0 / ~ r )  
C a p i t a l  Charges ($iIOO/yr) 

Net Annual ized L o s t  ( $ 0 0 O / y r j  

So lven t  Emissions C o n t r o l  l e d  ( M g l y r )  
Percent  Emiss ion Reduct ion ( T o t a l  ) 

Cost per  Mg of  VOC c o n t r o l l e d  ($/Mg) 

a ~ n ec o l o r  system o p e r a t i n g  1920 h o u r s l y e a r  and c o a t i n g  metal  shelves - s i n g l e  coa t .  

' ~ x c l u d e s  metal  p r e - t r e a t m e n t  equipment and d r y - o f f  oven c o s t s  f o r  l i n e  ( r e f e r e n c e  1,2) 
CA p p l i c a t i o n  and p a i n t  c i r c u l a t i n g  equipment m o d i f i c a t i o n s  ( r e f e r e n c e s  3, 1 0 ) .  

d ~ e t t e r  i n s u l a t i o n  from ground t o  p reven t  e l e c t r i c a l  shock and c o r r o s i o n  p r o t e c t i o n  ( r e f e r e n c e s  3,4) 

eBooths and recovery  system ( r e f e r e n c e  6 ) .  

f ~ e f e r e n c e s  1,2. 

g ~ g  megagram = 1  m e t r i c  t o n= 

h ~ e f e r e n c e s  1  , 2. 



I 

Tab le  3-4. CONTROL COSTS FOR MODEL EXISTING DIP COATING LINES 

,000 Square ~ e t e r s / Y e a r "  2,100,000 Square f4eters/yeara 
10,000 Square Meters/Year)  (22,500,000 Square Feet /Year)  

I
3asel i n e  Costs I n c r m e n t a l  Costs f o r  convers ion1 B a s e l i n e  Costs 1 Incremental  Costs f o r  Convers ionA l t e r n a t i v e  I - Process Chanqe: 

25% S o l i d s  - Waterborne --.- EDP 25% S o l i d s  Waterborne ., EDP 

i n s t a l l e d  C a p i t a l  Cost ($000) l0Sb  3C 1  24d 21 5b 5C 2 0 8 ~  

D i r e c t  Opera t ing  Costs (Sav ings)  
($000 /y r )  

C a p i t a l  Charges ($OOO/yr) 

Ne t  Annual ized Cost ( c r e d i t )  ($000/yr  

S o l v e n t  Emissions C o n t r o l 1  ed ( ~ ~ / ? r  !g 
P e r ~ e n t  Emission Reduct ion 

Cost ( c r e d i t )  per  Mg of  V O C  
c o n t r o l l e d  ( $ 1 ~ 9 )  

( u i p  lank)  ( D i p  Tank) 
W (Oven) (Oven),Lo 

A l t e r n a t i v e  I 1  - Exhaust Gas Treatment  Thermal I n c i n e r a t o r  C a r b o n ~ d s o r p t i o n  Oven ~ e r m a l  I n c i n e r a t o r  Carbon A d s o r p t i o n  Over; 
w i t h  Pr imary  Solvent a t  and w i t h  Pr imary  So lven t  a t  and 
Heat  Recovery Fuel Valve Tank t ieat  Recovery Fuel Valve Tank 

hD i r e c t  Opera t ing  Cost ($000/yr)  
C a p i t a l  Charges ($000 /y r )  

Ne t  Annual i z e d  Cost ($000 /y r )  

So lven t  Emissions Cont ro l  l e d  ( M g l y r )  
Percen t  Emiss ion Reduct ion ( T o t a l )  

Cost per  Mg of VOC C o n t r o l l e d  ($/Mg) 
-i 

a ~ n ec o l o r  system o p e r a t i n g  1920 hours /year  and c o a t i n g  meta l  she lves  - no pr imer.  

b ~ x c l u d e s  metal p re - t rea tment  and d r y - o f f  oven c o s t s  ( r e f e r e n c e s  1,2). 

xist sting tank  c leaned and c o r r o s i o n  p r o t e c t i o n  ( r e f e r e n c e  5 ) .  
d . .E x i s t i n g  s o l v e n t  d i p  c o a t i n g  system r e p l a c e d  b y  EDP system ( r e f e r e n c e s  1,2,7). 

e ~ e f e r e n c e s  1,Z. 

f ~ e f e r e n c e8. 

g ~ g= Megagram = 1  m e t r i c  t o n  

h ~ e f e r e n c e s  1,2. 



Net annual savings appear poss ib le  by conver t ing  t o  h igher  so l  i d s  

coat ings due main ly  t.o the est imated lower app l ied  f i l m  cos t  when compared 

t o  convent ional  so l  vent coat ings . 
As noted i n  Table 3-1,  coa t ing  mate r ia l  costs  f o r  waterborne a re  

s l i g h t l y  h igher  than so lven t  coat ings f o r  t he  same volume so l i ds .  Th is  

r e s u l t s  i n  h igher  annual costs  when conver t ing  t o  waterborne coat ings.  For 

l i n e s  conver t ing  t o  powder coat ings some energy, waste d isposa l  and d i r e c t  

l abo r  savings were estimated. " However, as i nd i ca ted  i n  Table 3 - 2 ,  i t  i s  

assumed t h a t  metal f u r n i t u r e  requ i res  a  coa t ing  th ickness o f  50 NTI ( 2  m i l s )  

when coa t ing  w i t h  powders. Th is  f a c t o r  g r e a t l y  d imin ishes any ma te r i a l s  cos t  

savings normal ly  expected w i t h  powder coat ings when compared t o  convent ional  

so lven t  coat ings.  

I n  t he  case o f  i n c i n e r a t i o n  o f  oven emissions, annual ized costs  a re  

main ly  costs  f o r  f u e l  requ i red  t o  r a i s e  t he  temperature o f  t h e  oven exhaust 

from 160°C t o  760°C and c a p i t a l  charges. Annual costs  f o r  carbon adsorpt ion 

of sp,ray booth exhausts a re  s l i g h t l y  reduced ( l ess  than 2 % )  by c r e d i t i n g  recovered 

so lven t  a t  f u e l  value. Large c a p i t a l  investments requ i red  f o r  carbon 

adsoription systems a re  r e f l e c t e d  i n  h igh  c a p i t a l  charges. I n  general ,  ne t  

annual ized costs f o r  c o n t r o l l i n g  VOC emissions from e l e c t r o s t a t i c  spray coa t ing  

l i n e s  appear t o  be lowest  when conver t ing  t o  h igher  s o l i d s  o r  waterborne 

coat ings and g rea tes t  when combining i n c i n e r a t i o n  and carbon adsorpt ion 

of oven and spray booth exhausts, respect . ive ly .  

3 . 2 . 2  Dip  L i ne  -

Cap i ta l  and annual i zed  costs  f o r  the  con t ro l  a1 t e r n a t i v e s  considered 

f o r  e x i s t i n g  d i p  1ines are summarized i n  Table 3-4. The incremental c a p i t a l  

costs  f o r  conver t ing  t h e  d i p  l i n e  t o  waterborne appear t o  be small when compared 

t o  t he  base l ine  investment. Costs assume t h a t  the  e x i s t i n g  d i p  tank i s  used 



and some c o r r o s i o n  p r o t e c t i o n  i s  requ i red .  On t h e  o t h e r  hand, d i p  l i n e s  

c o n v e r t i n g  t o  t h e  waterborne e l e c t r o c o a t  w i l l  r e q u i r e  s i g n i f i c a n t  investments 

when i n s t a l  1  i n g  t h e  e l  ec t rodepos i  t i o n  appl i c a t i o n  system. C a p i t a l  c o s t s  f o r  

oven exhaust i n c i n e r a t i o n  and carbon adsorp t ion  o f  d i p  tank  exhausts f o r  t h e  

model d i p  l i n e s  a r e  approx imate ly  two t imes g r e a t e r  than c o n v e r t j n g  t o  

e lec t rodepos i  t i o n .  

Increased annual ized c o s t s  f o r  c o n t r o l l i n g  d i p  c o a t i n g  l i n e s  by convers ion 

t o  waterborne a r e  p r i m a r i l y  a r e s u l t  o f  h igher  m a t e r i a l  c o s t s  f o r  t h e  water-  

borne coa t ing .  For e l e c t r o d e p o s i t i o n ,  lower  a p p l i e d  f i l m  c o s t s  f o r  t h e  

e l  e c t r o c o a t  m a t e r i a l  he1 p  o v e r - r i d e  increased e l e c t r i c a l  c o s t s  assoc ia ted 

w i t h  t h e  e l e c t r o d e p o s i t i o n  system. '* A1 though incrementa l  d i r e c t  o p e r a t i n g  

c o s t  increases f o r  t h e  e l e c t r o d e p o s i t i o n  system appear t o  be minimal  i n  

Tab1 e  3-4, c a p i t a l  charges assoc ia ted w i t h  t h e  1  arge c a p i t a l  investment 

requirements a r e  much h i g h e r  than  waterborne conversion.  T o t a l  annual ized 

cos ts  f o r  i n c i n e r a t i o n  and carbon adsorp t ion  presented i n  Tab le  3-4 a r e  about 

two t imes g r e a t e r  than incremental  annual ized cos ts  f o r  e l e c t r o d e p o s i t i o n  and 

about f i v e  t imes g r e a t e r  than waterborne annual ized costs .  

3.3 COST-EFFECTIVENESS 

The c o s t - e f f e c t i v e n e s s  o f  t h e  a l t e r n a t i v e  c o n t r o l  measures considered f o r  

e l e c t r o s t a t i c  spray and d i p  c o a t i n g  l i n e s  a r e  summarized i n  Tab le  3-5. For  

e l e c t r o s t a t i c  spray l i n e s  i t  appears t o  be more c o s t  e f f e c t i v e  t o  reduce VOC 

emissions by c o n v e r t i n g  t o  a low s o l v e n t  coa t ing ,  e i t h e r  waterborne o r  h igher  

s o l i d s .  Conversion t o  powder c o a t i n g  w i l l  r e s u l t  i n  t h e  h ighes t  emission 

r e d u c t i o n  ach ievab le  y e t  i s  n o t  n e a r l y  as c o s t - e f f e c t i v e  as waterborne o r  



7: 


Table 3-5. COST EFFECTIVENESS OF ALTERNATIVE CONTROL METHODS 

Spray Coat ing L ine:  $/Mg o f  VOC Cont ro l  1 ed 

278,000 rn2/yr. 4,500,000 m2/yr. Reduction i n  VOC 

A. Conversion t o  Higher So l ids  Coat ing (1 58)* (226 86 

B. Conversion t o  Waterborne coa t ing  

C .  Conversion t o  Powder Coat ing 

D .  Thermal I n c i n e r a t o r  on Oven & 
Carbon Adsorber on Spray Booths 

E.  Carbon Adsorber on Spray Booth 

F. Thermal I n c i n e r a t o r  on Oven 

W 
I D ip  Coat ing L i n e :  $/Mg o f  VOC Con t ro l  1 ed 

---I 

N 650,000 m2/yr. 2,100,000 rn21yr % Reduct ion i n  VOC-
G .  Conversion t o  Waterborne 

H- Conversion t o  E l  ectrodeposi  t i o n  

1. Thermal I n c i n e r a t o r  on Oven & 
Carbon Adsorber on Spray Booths 

(D ip  Tank) 
J. Carbon Adsorber on Surav Booths 

( b i d  Tank) 
K. Thermal I n c i n e r a t o r  on Oven 

*Parenthesis i n d i c a t e s  c r e d i t  



Figure 3-7 . Cost-Effectiveness versus Surface Area Coated 
(Base1 ine=25% Sol i d s  Conventional Coating) 

-Electrostat ic Spray 

--.--- D i p  

NOTE: Refer t o  Table 3-5 
for  code to  l e t t e r s  

Mi 1 1  ion Square Meters/Year 



h igher  s o l i d s  conversions.  I n  f a c t ,  a t  h igher  p roduc t ion  r a t e s  t h e  r e s u l t s  

appear t o  i n d i c a t e  t h a t  i t  i s  more c o s t - e f f e c t i v e  t o  i n c i n e r a t e  oven exhausts 

and t r e a t  booth exhausts by carbon adsorp t ion  than c o n v e r t  t o  powder coat ings.  

For d i p  c o a t i n g  l i n e s ,  c o n v e r t i n g  t o  an a l t e r n a t i v e  c o a t i n g  appears t o  be a  more 

c o s t - e f f e c t i v e  measure f o r  reduc ing VOC emissions than  i n c i n e r a t i o n  and carbon 

adsorp t ion .  Al though t h e  model a n a l y s i s  es t imates a 92% r e d u c t i o n  i n  VOC by  

c o n v e r t i n g  t o  e l e c t r o d e p o s i t i o n ,  t h e  c o s t  pe r  megagram o f  VOC c o n t r o l l e d  i s  

h igher  than  waterborne convers ion over t h e  range o f  s i z e s  s tud ied .  Cost-

e f fec t iveness values from Table 3-5 and an a d d i t i o n a l  es t ima te  o f  c o s t - e f f e c t i v e -  

ness f o r  each a p p l i c a t i o n  method were p l o t t e d  and t h e  r e s u l t s  a r e  d i sp layed  

i n  F i g u r e  3-1. Smooth curves drawn through t h e  p o i n t s  d e p i c t  how c o s t -  

e f f e c t i v e n e s s  i s  expected t o  v a r y  w i t h  square f e e t  coated pe r  year .  

3.4 SUMMARY 

Based upon t h e  model analyses performed on e l e c t r o s t a t i c  spray and d i p  

c o a t i n g  l i n e s  app ly ing  f i n i s h e s  t o  metal  shelves,  VOC r e d u c t i o n s  o f  80 percent  

o r  g r e a t e r  can be achieved a t  t h e  l e a s t  c o s t  per  u n i t  we ight  o f  VOC c o n t r o l l e d  

when us ing  e x i s t i n g  (mod i f i ed )  a p p l i c a t i o n  equipment w h i l e  a p p l y i n g  low s o l v e n t  

coa t ings .  For e l e c t r o s t a t i c  spray 1  i n e s  , c o n v e r t i n g  t o  h i g h e r  s o l  i d s  coa t ings  

(70% o r  g r e a t e r )  o r  a waterborne c o a t i n g  appears t o  be t h e  most c o s t  e f f e c t i v e  

c o n t r o l  a1 t e r n a t i v e .  The l a t t e r  a1 t e r n a t i v e ,  however, may have 1i m i  t e d  a p p l i c a t i o n  

due t o  t h e  t e c h n i c a l  and c o s t  i m p l i c a t i o n s  assoc ia ted w i t h  some l i n e  c o n f i g u r a t i o n s .  

For clip c o a t i n g  l i n e s  convers ion t o  waterborne, where a p p l i c a b l e ,  seems t h e  

most c o s t - e f f e c t i v e  a l t e r n a t i v e .  C o n t r o l l i n g  VOC emissions by  i n c i n e r a t i o n  

and carbon adsorp t ion  appears t o  be t h e  l e a s t  c o s t - e f f e c t i v e  a l t e r n a t i v e  f o r  



t h e  m~odel 1  ines considered.  

F i n a l l y ,  i t  i s  s t ressed  t h a t  t h e  resu  1 t s  o f  t h i s  ana l y s i s  a r e  in tended 

o n l y  t o  serve as guidance i n  assess ing t h e  r e l a t i v e  c o s t s  o f  a1 t e r n a t i  ve 

c o n t r o l  schemes. I n di v i d u a l  requ i rements  and s p e c i f i c a t i o n s  of a p a r t i c u l a r  

c o a t i n g  1ine may requ i r e  ana l y s i s  when de te rm in ing  c o s t s  f o r  t h a t  s p e c i f i c  

c o a t i n g  l i n e .  
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4.0 ADVERSE AND BENEFICIAL EFFECTS OF APPLYING TECHNOLOGY 

4.1 POWDER COATINGS 

There are several  advantages obta ined a f t e r  a f a c i l i t y  i s  converted t o  

apply powder coat ings besides the  subs tan t i a l  r educ t i  on i n  emissions. 

There are a l m s t  none o f  t he  s o l i d  o r  l i q u i d  waste d isposal  costs 

o r  problems t h a t  a re  o f t e n  encountered when us ing so l  vent-borne coat ings.  

Powders do not, r equ i r e  t h e  purchase o f  a d d i t i o n a l  so l  vents t o  

con t ro l  v i s c o s i t y  o r  t o  c lean equipment. 

Conversion t c i  powder coat ings w i l l  reduce energy requirements o f  

t h e  spray booth because the  l a rge  volumes o f  f r esh  a i r  requ i red  f o r  so lven t -  

borne coat ings a re  n o t  required. (A1 though t he  lower  exp los ive l i m i t  i s  

h igher  than f o r  so l  vent, t he  reduc t ion  i n  a i r  volumes i s  poss ib le  mos t l y  

because t he  spray booth i s  n o t  occupied.)  By using an e f f i c i e n t  p a r t i c u l a t e  

c o l l e c t o r ,  the  spray booth a i r  may be recyc l ed  i n t o  t h e  work ing area , fu r the r  

reducing energy usage f o r  a i r  cond i t i on i ng  o r  heat ing.  I t  has been est imated 

t h a t  a 35-50 percent o v e r a l l  reduc t ion  i n  energy consumption can be achieved 

when a s i ng le  coat a p p l i c a t i o n  i s  rep laced w i t h  one coat  o f  powder, and a 

55-70 percent reduc t ion  i s  poss ib le  when a two-coat a p p l i c a t i o n  i s  replaced 

w i t h  a s i n g l e  coat o f  powder. 1 

Powder coat ings a l so  have an advantage i n  p rov i d i ng  good coverage 

o f  t h e  metal p iece  and masking imper fec t ions  o r  welds i n  t he  meta l .  

Al though powder overspray can be reclaimed a t  about 98 percent 

e f f i c i e n c y ,  no t  a1 1 the  reclaimed powders can be reused. Reclaimed powder 

con ta in ing  a bu i ldup  o f  powder f i n e s  w i l l  have t o  be discarded, and the  

l a r g e r  and heav ie r  granules w i l l  have t o  be reprocessed again  be fo re  they  

are s u i t a b l e  f o r  reuse. 2 3 
4-1 



There a r e  d isadvantages encountered when a p p l y i n g  powder coa t ings .  

A1 1 appl  i c a t  i on  equipment, spray  booths and assoc ia ted  equipment 

(and o f t e n  ovens) used f o r  l l q u i d  s y s t e ~ ~ i s  must be 'replaced. T h i s  w i l l  t hen  

l i m i t  t h e  c o a t i n g  f l e x i b i  1 i t y  o f  t h e  meta l  f u r n j t u r e  manu fac tu re r  because he 

w i l l  o n l y  be a b l e  t o  a p p l y  powders. 

Coat ing  f i l m  t h i c k n e s s  o f  l e s s  than 2 m i l s  has n o t  been s u c c e s s f u l l y  

o b t a i n e d  w i t h  powders on a p r o d u c t i o n  l i n e  bas i s .  

C o l o r  changes f o r  powder r e q u i r e  about  h a l f  an hour  downtime. Meta l  

f u r n i t u r e  f a c i l  i t i e s  r e q u i r i n g  numerous c o l o r  changes d u r i n g  t h e  day wou ld  

have t o  g r e a t l y  c u r t a i l  p r o d u c t i o n  capac i t y .  C o l o r  changes may be shortened 

i f  t h e  powders a r e  n o t  rec la imed  i n  t h e i r  r e s p e c t i v e  c o l o r s  r e s u l t i n g  i n  a 

c o a t i n g  usage e f f i c i e n c y  o f  about  50 t o  60 percent .  Those f a c i l i t i e s  which 

a p p l y  many c o l o r s  b u t  can schedule t h e i r  o p e r a t i o n s  t o  run a  s i n g l e  c o l o r  

f o r  a g i ven  t ime  p e r i o d  may s t i l l  f i n d  powder an economica l ly  acceptab le  

a1 t e r n a t i v e .  

No one can y e t  p r o v i d e  t h e  s o - c a l l e d  meta l1  i c  coat ings  i n  ponder, 

C o l o r  match ing d u r i n g  manufac tur ing  o f  powder i s  d i f f i c u l t .  

Powder f i  lms have appearance 1 i m i t a t i o n s .  

Recesses a r e  d i f f i c u l t  t o  cover e f f e c t i v e l y  due t o  t h e  Faraday cag ing 

e f f e c t .  

Excessive h u m i d i t y  d u r i n g  s to rage  o r  a p p l i c a t i o n  can a f f e c t  t h e  

performance o f  powder. 

Powder coa t ings  a r e  a l s o  s u b j e c t  t o  explosions,as a r e  many p a r t i c u l a t e  

dusts  
4 

4.2 ELECTRODEPOSITION 

Several  o t h e r  advantages, i n  a d d i t i o n  t o  reduced VOC emissions , accrue 

from c o n v e r t i n g  t o  e l  e c t r o d e p o s i t i o n .  



The major one i s  good qua1 i t y  con t ro l  as a consequence o f  t h e  f u l l y  

automated process. 

I t  provides a very  h i g h  t r a n s f e r  e f f i c i e n c y .  

It a lso  prov ides excel l e n t  m a t i n g  coverage and cor ros ion  p ro tec t i on  

because t h e  p a i n t  p a r t i  c l  es penet ra te  i n t o  t he  smal l e s t  recesses. (However, 

because t he  coverage i s  so uniform, e l ec t r odepos i t i on  does no t  mask 

imper fect ions i n  the subs t ra te  as we l l  as o the r  appl i c a t i o n  techniques).  

The low so lven t  con ten t  permits lower vent 

reduced energy consumption. 

The d ry  o f f  oven t h a t  norma l l y  fo l l ows  t h e  

longer  requ i red  a1 t h o ~ g h  an a d d i t i o n a l  r i n s e  w i t h  

i l a t i o n  ra tes  r e s u l t i n g  i n  

pretreatment s tep i s  no 

deionized water  i s  essen t ia l .  

Conversion t o  e l ec t r odepos i t i on  may a lso  r e s u l t  i n  lower  insurance costs  

because o f  reduced f i r e  and t o x i  c i t y  hazards. 

There a re  severa 1 disadvantages t o  t he  e l  ectrodepos i t i o n  process. 

One i s  t h a t  i t  requi res a unique type o f  a p p l i c a t i o n  equipment. As 

a r e s u l t ,  e l ec t r odepos i t i on  can be c a p i t a l  i n t e n s i v e  when used on small 

scale product ion 1 ines.  

If t h e  hooks which ho ld  t h e  metal f u r n i t u r e  pieces a re  n o t  p roper l y  

cleaned o r  hung, the  e l e c t r i c a l  con tac t  may be f a u l t y  and t h e  coa t ing  w i l l  

no t  adhere t o  t h e  meta l .  

Conversion t o  c lec t rodepos i  t i o n  coa t ing  w i l l  increase e l e c t r i c a l  con- 

sumption. The amount, however, w i l l  depend on t h e  former a p p l i c a t i o n  system, 

s i ze  o f  t he  e l ec t r odepos i t i on  bath,  type of f u r n i t u r e  pieces coated, and 

thic:kness o f  the  coat ing.  Energy i s  requ i red  f o r  t h e  coa t ing  system, 

r e f r i g e r a t i  on ( t o  overcome t h e  heat  generated by t h e  e l  e c t r i  ca l  process),  t o  

c i r c u l a t e  t h e  bath, and p u r i f i c a t i o n  o f  t h e  bath. I f  a spray opera t ion  i s  



rep1 aced by 

s o l i d  and 1 

e l i m i n a t i o n  

e lect rodepos i  t i o n ,  some c r e d i t  may be a1 lowed f o r  decreased 

i q u i d  wastes and t h e  reduced energy requirements a t t r i b u t a b l e  t o  

o f  t h e  spray booth. 

4.3 WATER-BORNE COATINGS 

There a r e  sevem l  advantages t o  conver t ing t o  water-borne coat ings.  

The g rea tes t  i s  t h a t  e x i s t i n g  equipment, whether f o r  cpray,  f low,  o r d i p  

coat ina,  can be used. (Some pa r t s  o f  t h e  coa t inq  equipment, however, may have 

t o  be p ro tec ted  from cor ros ion) .  

Water-borne coat ings may be th inned  w i t h  water,and coa t ing  equipment 

can be cleaned o r  f lushed w i t h  water r a t h e r  than organic  so lvent .  Un l i ke  

w i t h  o rgan ic  coat ings,  however, water-borne coat ings must be cleaned o f f  

a p p l i c a t i o n  equipment when s t i l l  wet s ince  they a re  n o t  so lub le  i n  t h e i r  

c a r r i e r s  when they become dry  making cleanup w i t h  o rgan ic  so lvents  necessary. 

A p o t e n t i a l  disadvantage o f  water-borne coat ings i s  t h a t  energy con- 

sumption may increase because some water-borne coat ings must be f lashed o f f  

under c o n t r o l l e d  humid i ty ,  and t h e  ovens may have t o  be lengthened t o  

several  stages t o  compensate f o r  t h e  s lower evaporat ion r a te .  However, t h i s  

energy increase i s  p d r t i a l l y  o f f s e t  by  t h e  reduced oven exhaust and perhaps 

the  lower  c u r i  ng temperature t y p i c a l  o f  many water-borne coat ings.  

The water-borne coa t ing  i s  more s e n s i t i v e  t o  temperature and humid i ty ,  

both  dur ing  a p p l i c a t i o n  and f l a s h o f f .  The f l a s h o f f  a i r  c i r c u l a t i o n  may need 

t o  be increased t o  a1 low a un i form evaporat ion r a t e  of water  dur ing  h i gh  and 

5 
low humid i ty  cond i t i ons .  

Disposal o f  s o l i d  o r  l i q u i d  waste may be d i f f i c u l t .  

I n  d i p  o r  f l ow coa t ing  processes, an add i t i ona l  r i n s e  may be requ i red  

t o  avo i  d  contami n a t i  cln o f  t h e  coa t ing  bath. 



Overspray f roni  water-borne does n o t  harden as r a p i d l y  making s ludge 

hand1 i n g  more d i f f i c u l t .  

Proper p re t rea tmen t  i s  c r i t i c a l  t o  p reven t  f l a s h  r u s t i n g  o f  metal  

f u r n i t u r e .  

4.4 HIGHER SOLIDS COATINGS 

H igher  s o l i d s  coa t ings  can be a p p l i e d  w i t h  e x i s t i n g  spray  equipment. 

These c o a t i n g s  a r e  p r e s e n t l y  l i m i t e d  t o  about  65 volume pe rcen t  s o l i d s ,  

a1 though research i s  b e i n g  done; b o t h  on h i g h  s o l i d s  (65-80 p e r c e n t )  

coa t ings  and on improved a p p l i c a t i o n  equipment. Convers ion t o  h i g h e r  s o l i d s  

coa t ings  can reduce energy requirements.  A i r  f l o w  i n  t h e  spray  booth  can be 

reduced because l e s s  o r g a n i c  s o l v e n t  i s  a p p l i e d  f o r  each d r y  m i l  o f  coa t ing .  

The oven energy requirements may a l s o  be reduced. Sol i d  and 1 i q u i d  waste 

may decrease s i n c e  l e s s  c o a t i n g  i s  a p p l i e d  p e r  d r y  m i l .  However, t h e  tack iness  

o f  some h i g h - s o l  i d s  coa t ings  may make c leanup more d i f f i c u l t . 6  Al though t h e  

sol  vent  con ten t  i s  reduced, thus  reduc ing  t h e  l e v e l  o f  t o x i c i t y ,  t h e r e  i s  a 

p o t e n t i a l  h e a l t h  hazard  a s s o c i a t e d  w i t h  isocyanates used i n  some h i g h - s o l i d ,  

two-component sys terns. 

4.5 CARBON ADSORPTION 

There a r e  no metal  c o a t i n g  f a c i l i t i e s  known t o  use carbon adsorbers t o  

r e d w e  VOC f rom appl  i c a t i  on and f l a s h o f f  a reas.  T h i s  technology,  however, 

i s  t e c h n i c a l l y  f e a s i b l e  f o r  such a p p l i c a t i o n s  and i s  w e l l  documented. A 

p o t e n t i  a1 d isadvantage i s  t h a t  i t  w i l l  i n c r e a s e  t h e  requirements f o r  e l e c t r i c a l  

and f u e l  energy. The amount w i l l  depend or1 a p p l i c a t i o n ,  s i z e  o f  adsorber,  

and c o n c e n t r a t i o n  o f  the  organ ics  e n t e r i n g  t h e  carbon bed. Any decrease i n  

a i r  f low and accompanying i nc rease  i n  VOC c o n c e n t r a t i o n  f rom t h e  c o a t i n g  

a p p l i c a t i o n  and f l a s h o f f  areas w i l l  reduce t h e  energy demands. 
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5.0 MONITORING TECHNIQUES AND ENFORCEMENT ASPECTS 

T h i s  chap te r  d iscusses t h e  recommended emiss ion l i m i t ,  t h e  m o n i t o r i n g  

techn iques and enforcement aspects o f  l ow  p o l l u t i n g  coa t ings  and add-on 

c o n t r o l  equipment. 

As s t a t e d  i n  t h e  preface, t h e r e  i s  no u n i v e r s a l  VOC emission c o n t r o l  

techn ique a p p l i c a b l e  f o r  t h e  i n d u s t r y  as a whole because o f  t h e  v a r i e t y  o f  

meta l  f u r n i t u r e  p roduc ts  manufactured. Hiowever, metal f u r n i t u r e  f a c i  1  it i e s  

have c e r t a i n  s i m i l a r i t i e s  wh ich  pe rm i t s  g roup ing  them f o r  use o f  c e r t a i n  

c o n t r o l  techn iques.  Fo r  example, ifa f a c i l i t y  has no d i f f i c u l t y  w i t h  

Faraday cag ing,  a p p l i e s  a  l i m i t e d  number o f  c o l o r s ,  can run  a  s i n g l e  c o l o r  

f o r  a  g i ven  t i m e  pe r iod ,  and a  c o a t i n g  f i l m  th i ckness  o f  g r e a t e r  t han  two 

m i 1s i s  n o t  o b j e c t i o n a b l e  , powder c o u l d  be t h e  b e s t  c o n t r o l  techn ique.  

I f  a  f a c i l i t y  runs o n l y  a few c o l o r s  on a  l a r g e  p r o d u c t i o n  bas i s ,  e l e c t r o -

d e p o s i t i o n  would be t h e  bes t  c o n t r o l  techn ique.  However, i f  a f a c i l i t y  must 

c o l o r  match o r  change c o l o r s  f r e q u e n t l y ,  water-borne o r  h i g h e r - s o l  ids coa t ings  

wou ld  be t h e  b e s t  cho ice .  The recomnended emiss ion 1  i m i  t(3.O l b s  o f  o r g a n i c  

s o l v e n t  p e r  g a l l o n  o f  coa t ing ,  l e s s  w a t e r ) ,  as s t a t e d  i n  t h e  Preface, is  based 

on t h e  a p p l i c a t i o n  of  water-borne o r  h i g h e r  s o l i d s  coa t ings .  Sample c a l c u l a t i o n s  

t o  v e r i f y  compliance w i t h  t h i s  emiss ion l i m i t  a r e  shown i n  Appendix A. 

Prev ious c o n t r o l  r e g u l a t i o n s  f o r  VOC have i n c l u d e d  l i m i t a t i o n s  on t h e  

r e a c t i v e  o rgan ic  s o l v e n t  o r  have s t i p u l a t e d  t h a t  a  minimal  r e d u c t i o n  be 

achieved through add-on c o n t r o l  equipment. Whi le e i t h e r  approach i s  acceptab le ,  

maximum s o l v e n t  con ten t  i s  a  more p r a ~ t i c a l  bas i s  f o r  t h o s e  sur face c o a t i n g  

opera t i ons  where use o f  l ow-so lven t  coa t ings  w i l l  g e n e r a l l y  be t h e  compliance 

techn ique.  

5-1 



For meta l  f u r n l  t u r e  i n d u % t r i e s ,  i t  .Is recommended t h a t  emiss ion 

l i m i t a t i o n s  be expressed i n  terms o f  o r g a n i c  s o l v e n t  c o n t e n t  s i n c e  these 

values can be determined w i t h  re1 a t i  v e l y  s imp le  a n a l y t i c a l  techniques.  

L i m i t a t i o n s  i n  VOC may be expressed i n  terms o f  mass o r  volume and 

may be based on t h e  ( e n t i r e  c o a t i n g  ( i n c l u d i n g  o rgan ic  s o l v e n t )  o r  o n l y  on 

p a i n t  s o l i d s .  I n  t h i s  g u i d e l i n e ,  l i m i t a t i o n s  a r e  expressed as t h e  a l l o w a b l e  

mass o f  o r g a n i c  s o l v e n t  p e r  u n i t  volume o f  c o a t i n g  (kgs p e r  l i t e r  o f  c o a t i n g  

o r  l b s  p e r  g a l l o n  o f  c o a t i n g )  as i t  i s  d e l i v e r e d  t o  t h e  c o a t i n g  a p p l i c a t o r .  

Wa'ter i n  t h e  c o a t i n g  i s  sub t rac ted .  The p r i n c i p a l  advantage o f  t h i s  fo rma t  i s  

t h a t  enforcement i s  r e l a t i v e T y  s imple.  F i e l d  personnel  can draw samples and 

have them ana lyzed q u i c k l y .  A disadvanta,ge i s  t h a t  t h e  r e l a t i o n s h i p  between 

t h e  s o l v e n t  f r a c t i o n  and s r g a n i c  emissions i s  n o t  l i n e a r .  I f  the  s o l v e n t  

con ten t  i s  expressed i n  terms o f  mass o f  o r g a n i c  s o l v e n t  p e r  u n i t  volume o f  

p a i n t  s o l i d s  (kgs p e r  l i t e r  o f  s o l i d s  o r  l b s  p e r  g a l l o n  o f  s o l i d s ) ,  t h e  

d i s p a r i t y  d isappears . The r e l a t i o n s h i p  i s  1  i n e a r  and more r e a d i l y  unders tood 

e.g., a  c o a t i n g  cont (3 in ing  2 l b s  o f  o r g a n i c  s o l v e n t  p e r  g a l l o n  o f  s o l i d s  

relleases t w i c e  a s  much o r g a n i c  s o l v e n t  as one o f  1  l b  p e r  g a l l o n .  The 

disadvantage o f  t h i s  fo rmat ,  however, i s  t h a t  t h e  a n a l y t i c a l  methods a r e  more 

complex. Appendix A -in "Con t ro l  o f  V o l a t i l e  Organ ic  Emissions -,'ram E x i s t i n g  

S t a t i o n a r y  Sources - Volume I 1  : Sur face Coa t ing  o f  Cans, C o i l s ,  Paper, 

Fabr i cs ,  Automobiles and Light :  Duty Trucks"  presents  ASTM methods f o r  

de te rm ina t ion  o f  t h e  pounds o f  o r g a n i c  s o l  vents p e r  ga l  I o n  o f  c o a t i n g  (minus 

wa te r ) .  

Other  o p t i o n s  sllch as pounds o r  g a l l o n s  o f  o r g a n i c  s o l v e n t  p e r  pound o f  

c o a t i n g  a r e  g e n e r a l l y  l e s s  d e s i r a b l e  a l though  t h e y  may be e n t i r e l y  a p p r o p r i a t e  

f o r  a  g i v e n  i n d u s t r y .  Basing l i m i t a t i o n s  on t h e  mass o f  c o a t i n g  o r  p a i n t  



s o l i d s  i s  no t  recommended because the  s p e c i f i c  g r a v i t y  o f  coat ings tends 

t o  vary w ide ly  w i t h  the  degree and type o f  pigment employed, H igh l y  

piqmented pa in t s  have much g rea te r  dens i t y  than unpigmented c l e a r  coats  

o r  varnishes, 

This l i m i t a t i o n  f o r  coat ings assumed the  f a c i l i t y  merely conver ts  

from use o f  an orqanic-borne coa t ing  t o  a  coa t ing  low i n  organic so lvent .  

I t  does no t  consider any small o r  s ign i f i tcant  reduc t ion  i n  VOC emissions 

which may r e s u l t  from a  decrease i n  f i l m  th ickness o r  an increase i n  

t r a n s f e r  e f f i c i e n c y  of a coa t ing .  One example o f  such reduc t ion  may be 

where a  f a c i l i t y  i s  apply ing a  conven t ion~ i l  coa t ing  a t  1.2 m i l s  f i l m  

th ickness,  and conver ts  t o  a  coa t ing  con td in ing  l ess  organic  so lven t  than 

the  convent ional  coa t i ng  b u t  which does no t  q u i t e  meet the  recommended 

emission l i m i t .  However, if the new coa t ing  has b e t t e r  h i d i n g  power and can 

be app l ied  a t  on ly  0 .8  m i l s  f i l m  th ickness, t he  decrease i n  f i l m  t h i c k -

ness can s t i l l  r e s u l t  i n  a  p ropo r t i ona l  reduc t ion  i n  VOC emissions as 

compared t o  a  coa t ing  which meets t he  recommended emission l i m i t .  Other 

examples would be i f  3 f a c i l i t y  converts from a  manual convent ional  spray 

a p p l i c a t i o n  ( a t  a t r ans fe r  e f f i c i e n c y  of 40-70 percent )  t o  an automated 

e l e c t r o s t a t i c  spray s istem ( a t  a  t r ans fe r  e f f i c i e n c y  o f  70-90 percent ) ,  o r  

from any spray system t o  a f l ow  o r  d i p  coat  system ( a t  a  t r a n s f e r  e f f i c i e n c y  

of a t  l e a s t  90 percen t ) .  Some incremental  reduc t ion  i n  VOC emissions w i l l  

be r e a l i z e d .  This reduc t ion  i n  VOC con ten t  can be inc luded  i n  the  o v e r a l l  

system t o  p rov ide  the equ iva len t  r educ t i on  i n  emissions, 

I n  those few far: l i t i e s  where add-on con t ro l  equipment i s  a  more l i k e l y  

opt jon,  i t  may be more appropr ia te  t o  s t a t e  emission l i m i t s  i n  terms 0f 

cont;rol e f f i c i e n c y  across the i n c i n e r a t o r ,  adsorber, e t c .  Where l i mit a t  i ons  



a r e  expressed o n l y  i n  terms o f  t h e  c o a t i n g  content ,  i t  w i l l  be necessary 

t o  determine mass emissions f rom t h e  c o n t r o l  system and r e l a t e  them t o  

t h e  q u a n t i t y  o f  coa t i ngs  a p p l i e d  du r ing  t h e  t e s t  p e r i o d .  It i s  o f t e n  

d i f f i c u l t  t o  detenn ine t h e  consumption o f  coa t ings  d u r i n g  any g i v e n  p e r i o d  

and t o  determine the  amount o f  o r g a n i c  s o l v e n t  d i r e c t e d  t o  t h e  c o n t r o l  

dev i ce .  Chapter 5 o f  "Cont ro l  o f  V o l a t i l e  Organ ic  Emissions f rom 

E x i s t i n y  S t a t i  0nar.y Sources - Vol ume I : Con t ro l  Methods f o r  Sur face 

Coat ing Operat i ons "  presents  t e s t  methods f o r  add-on c o n t r o l  devices.  

When add-on t y p e  devices a r e  s e l e c t e d  as t h e  compliance method, t h e  a i r  

p o l l u t i o n  c o n t r o l  agency shou ld  r e q u i r e  t h a t  t h e  c o a t i n g  l i n e s  be equipped 

w i t h  an approved capture dev ice  t o  assure  e f f e c t i v e  c o n t r o l .  The cap tu re  

system w i l l  1ik e l v  have t o  be custom designed t o  accommodate t h e  p l a n t - t o -  

p l a n t  v a r i a b l e s  which a f f e c t  performance. When rev iew ing  t h e  des ign o f  

such a sys te~n,  however, t h e  a i r  p o l l u t i o n  c o n t r o l  o f f i c i a l  must cons ide r  

requ i  rements imposed by t h e  Occupat ional  Sa fe ty  and H e a l t h  A d m i n i s t r a t i o n  

and t h e  Na t iona l  F i r e  P reven t ion  A s s o c i a t i o n .  

Some coa t ings  w i l l  e m i t  a  g r e a t e r  amount o f  VOC than  mere ly  i t s  

s o l v e n t  con ten t .  T h i s  incrementa l  VOC may come f rom t h r e e  p o s s i b l e  sources. 

The f i r s t  IS  t h e  p o s s i b i l  i t y  t h a t  some o f  t h e  monomer may evaporate.  A1 so, 

i f  i t  r e a c t s  by t h e  condensat ion p o l y m e r i z a t i o n ,  t h e  e v o l u t i o n  o f  by-

product  compounds may be a compounding f a c t o r .  F i n a l l y ,  i t  has been r e p o r t e d  

t h a t  t h e  i n d u s t r y  i s  u s i n g  i n c r e a s i n g  q u a n t i t i e s  o f  " b l o c k i n g  agents"  wh ich  

a r e  re leased  from t h e  polymer m a t r i x  d u r i n g  t h e  c u r i n g  process. 

There a r e  now no approved a n a l y t i c a l  methods c e r t i f i e d  by t h e  agency 

f o r  de termin ing t h e  q u a n t i t y  o f  V O C  e m i t t e d  by such reac t i ons ,  a l t hough  

c e r t a i n l y  t h e  o r g c ~ n i c  inass emission r a t e  cou ld  be determined by expensive 



and s o p h i s t i c a t e d  a n a l y t i c a l  techn iques.  The more p r a c t i c a l  means o f  

quan t i  f y i n g  t h e  c o n t r i b u t i o n  o f  t h e  p o l y m e r i z a t i o n  r e a c t i  on t o  t h e  

o v e r a l l  emiss ion  ~ ~ r o b l e m  would  be by c o n t a c t i n g  t h e  manufac turer  o f  

t h e  coa t ing .  C e r t a i n l y ,  h i s  know1 edge o  f t h e  fundamental chemical 

mechanisms i n v o l v e d  would a l l o w  c a l c u l a t  i o n  o f  an emission r a t e  based 

on t h e  chemical r e a c t i o n .  

T h i s  emission w i l l  occu r  d u r i n g  t h e  c u r e  ( i f  a t  a l l )  which i s  u s u a l l y  

temperature  i n i t i ( 3 t e d  b y  t h e  oven. If '  t h e  oven i s  c o n t r o l l e d  by an 

i n c i n e r a t o r ,  then v e r i f i c a t i o n  o f  t h e  e f f i c i e n c y  o f  t h e  dev ice  shou ld  be 

s u f f i c i e n ~ .  t o  assure  compliance w i t h  t h e  c o a t i n g  r e g u l a t i o n .  



APPENDIX A 

SAMPLE CALCULATIONS OF CONTROL OPTIONS 

Th is  appendix a i d s  t h e  l o c a l  agency i n  de te rm in ing  ifa c o a t i n g  p ro -  

po'sed f o r  use by a meta l  f u r n i t u r e  f a c i l i t y  w i l l  meet t h e  recommended 

emiss ion l i m i t  o f  0..36 k i lograms of VOC pe r  l i t e r  o f  c o a t i n g  a p p l i e d ,  

(3 .0  1  bs /ga l  ) e x c l u d i n g  any water  t h a t  t h e  c o a t i n g  may c o n t a i n ,  The 

purpose of  e x c l u d i n g  water  i s  t o  p rec lude  compl iance th rough  d i l u t i o n  w i t h  

water .  T h i s  appendix a l s o  e x p l a i n s  how t.o compare t h e  a c t u a l  VOC emissions 

f rom a  f a c i l i t y  rega rd less  o f  t he  t y p e  of' l o w - p o l l u t i n g  c o a t i n g  o r  add-on 

c o n t r o l  dev i ce  used, 

The purpose of  d l 1  c o a t i n g  opera t i ons  i s  t o  cover a  s u b s t r a t e  w i t h  a  

f i l m  t h a t  p rov ides  bo th  c o r r o s i o n  r e s i s t a n c e  t o  t h e  s u b s t r a t e  and e s t h e t i c  

appeal. There fore ,  t h e  r a t i o n a l  b a s i s  f o r  s p e c i f y i n g  an a1 l owab le  VOC 

emiss ion l i m i t  would be i n  u n i t s  o f  c o a t i n g  volume ( e.g, grams o f  VOC pe r  

square meter  ( 1  bs /sq  . f t )  p e r  u n i t  t h i ckness  o f  f i l m ) .  However, t h e  

comp lex i t y  of any a n a l y t i c a l  method which would p r o v i d e  a  measurement o f  t h e  

volume o f  a  cured c o a t i n g  prec luded t h i s  approch. As a  compromise, t h e  

recommended 1  i m i t a t i o n s  were developed i n  k i lograms ( l b s )  o f  VOC p e r  u n i t  

volume o f  uncured s o l i d s  and o rgan ic  s o l v e n t .  Ma themat i ca l l y ,  then,  t h e  

emiss ion f a c t o r  ( e f )  f o r  a  c o a t i n g  would be expressed as: 

volume f r a c t i o n  o rgan ic  so l ven t ) (ave rage  o rgan ic  s o l v e n t  d e n s i t y )  (1 )  e f =  L,----vo ume f r a c t i o n  o f  s o l i d s  + volume f r a c t i o n  o f  o rgan ic  s o l v e n t  

o r  

( 2 )  e f  = l v o l  ume f r a c t i o n  o rgan ic  s o l v e n t )  (average o rgan ic  s o l v e n t  d e n s i t y )  
1 - volume' f r a c t i o n  o f  water  



The f o l l o w i n g  exa,mples show the  use o f  these equat ions t o  determine 

the emission f a c t o r  f o r  both organic  solvent-borne and water-borne coat ings.  

CASE 1 : Determine the emission f a c t o r  f o r  an organic  solvent-borne coa t ing  

which conta ins 40 percent organic  so l ven t ,  

Therefore: ef = (-*40)(0.88 k g / l i t e r * )  
1 - 0  

= 0.35 k g / l  it e r  (2  -94  1  bs/gal  ) 

Since the  emission f a c t o r  i s  l ess  th<an t he  recommended l i m i t  of 

0.36 k g / l i t e r  (3 .0  l t : ~ s / g a l ) ,  t h i s  coa t ing  i s  i n  compliance. 

CASE 2: Determine the emission f a c t o r  f o r  a  water-borne coa t ing  con ta in ing  

75 percent so lven t .  

Since 80 percent o f  the  so lven t  i s  water, the  respec t i ve  volumes of 

water and organic so lven t  may be ca l cu l a ted  as shown: 

Volume water= .80 x .75 l i t e r  = .6 l i t e r  

Volume organic so lvent= 0.75 l i t e r  - .6 l i t e r  = .15 l i t e r  

-

= 0.32 k g / l i t e r  (2.64 l b s l g a l )  

Th is  coa t ing  a l s o  has an emission f a c t o r  l ess  than t he  recommended l i m i t  

and would comply. 

The l e v e l  of c o n t r o l  represented by 0.36 k g / l i t e r  o f  coa t ing  

(3.0 l b s / g a l )  l ess  water can a lso  be achieved w i t h  a  convent ional  h igh 

organic so lvent  coa t ing  if s u i t a b l e  add-on c o n t r o l  equipment i s  i n s t a l l e d .  

However, t h i s  method o f  determin ing the  equi va l  vent  emission 1 i m i  t f a c t o r  

i s  no t  as s t r a i qh t f o rwa rd  as the  previous two cases and must a l so  consider 

the volume o f  s o l i d s  i n  the  coat ing.  

& T i s '  dens i t y  is considered t y p i c a l  and i s  equal t o  1.36 1 bs/gal  . 



CASE 3:  Determine t h e  emission f a c t o r  f o r  a convent ional  organic-borne 

coa t ing  c o n t a i n i n g  75 percent  organ ic  so lven t .  

However, t h i s  l i t e r  o f  c o a t i n g  con ta ins  o n l y  0.25 1i t e r  ( g a l l o n  o f  

s o l i d s  whereas t h e  coa t ing  which represents  t h e  recommended emission l i m i t  

of 0.36 k g / l i t e r  ( 3 , 0  l b s / g a l )  conta ins  0.60 l i t e r  ( g a l l o n )  o f  s o l i d s .  

(Th is  can be back c a l c u l a t e d  from t h e  recommended emission l i m i t  i n  t h i s  

manner, ) 

-( x )( 0.88 k g / l i t e r )i.e. 0.36 = 

x = 0.40 volume percent  organ ic  s o l v e n t .  

Therefore f r a c t i o n  o f  s o l i d s  = 1 - x = 0.60 

On a u n i t  volume of s o l i d s  bas is ,  t h e  convent ional  c o a t i n g  con ta ins :  

0.66 kg organ ic  so lven t  -- 2.64 organ ic  so l  vent  22 1bs VOC 
0.25 1i t e r  so l  i d s  1 i t e r  so l  i d s  gal  , so l  i d s  

And t h e  recommended l i m i t  re fe rence  c o a t i n g  conta ins  

0.36 kg organ ic  so lven t  -- 2.6 kg organ ic  so lven t  5 l b s  WC 
' 0 . 6  l i t e r  s o l i d s  l i t e r  s o l i d s  



Consequently, i n  o rder  f o r  the convent ional  coa t ing  t o  emi t  no more VOC 

than the  re ference coat ing,  the add-on con t ro l  device must capture and 

dest roy ( o r  c o l l e c t )  2.04 kg o f  so l  vent per  1 i t e r  o f  s o l i d s  app l i ed  

(2..64 - 0.6).  T h i s  w i l l  r equ i r e  a con t ro l  system t h a t  i s  a t  l e a s t  78 

percent e f f i c i e n t .  5 ince t h e  add-on con t ro l  devices can of ten operate  a t  

90 percent e f f i c i e n c , ~  o r  greater ,  t h e  agency must insure  t h a t  a t  l e a s t  

85 percent  o f  the VOC emi t ted  by  t h e  coat ing i s  captured and de l i ve red  t o  

the  add-on con t ro l  device. Since i t  w i l l  no rma l l y  n o t  be p r a c t i c a l  t o  

at tempt the  complex a n a l y t i c a l  program essen t i a l  t o  develop a 

ma te r i a l  balance around t he  coa t ing  appl ic a t i  on and f l a s h o f f  areas and ovens, 

t h e  agency w i l l  riornial l y  c e r t i f y  an acceptable capture system based on good 

engineer ing p rac t i ce .  1 



APPE:NDIX A REFERENCE 

1. Young, Dexter E .  , Environmental Protecti on Agency, memorandum concerning 
requirements for ventilation o f  spray booths a n d  ovens. Dated March 10, 
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