
CUTBACK ASPHALT ... 
AND ASPHALT CECIENT 
AP-42 Section 4.5 
Reference Number 

3 
EPA-450/2-77-037 
December 1977 
(OAQPS NO. 1.2-090) 

GUIDELINE SERIES 

CONTROL OF VOLATILE 
ORGANIC COMPOUNDS FROM 

USE OF CUTBACK ASPHALT 

U.S. ENVIRONMENTAL PROTECI'IUN AC~L~YLI 

Office of Air and Waste Management 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 277 11 



- -  EPA-450/2-77-037 
(OAQPS NO. 1.2-090) 

CONTROL OF VOLATILE ORGANIC 
COMPOUNDS FROM USE OF 

CUTBACK ASPHALT 

h i ~ i o nStandards and Engineering Division 
Chemical and Petroleum Bmnch 

U.S.ENVIRONMENTAL PROTECI'ION AGENCY 
Office of Air and Waste Management 

Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

December 1977 



OAQPS GUIDELINE SERIES 

The guideline series of reports is being issued by the Office of A i r  Quality 
Planning and Standards (OAQPS) to provide information to state and local 
air pollution control agencies; for example, to provide guidance on the 
acquisition and processing of air quality data and on the planning and 
analysis requisite for the maintenance of air quality. Reports published in 
this series will be available - as supplies permit - from the Library Services 
Office (MD-35), U .S. Environmental Protection Agency, Research Triangle 
Park, North Carolina 27711; or ,  for a nominal fee, from the National 
Technical Information Service, 5285 Port Royal Road, Springfield, Virginia 
22161. 

Publication No. EPA-45012-77-037 

(OAQPS No. 1.2-090) 



Chapter 1.0 

1.1 

1.2 

Chapter 2.0 

2.1 

2.2 

Chapter 3.0 

3.1 

Chapter 4.0 

4.1 

4.2 

4.3 

4.4 

TABLE OF CONTENTS 
Page 

In t roduc t ion  . . . . . . . . . . . . .  1-1 


Need t o  Regulate Cutback Asphalts . 1-1 


Sources arid Control  o f  V o l a t i l e  Organic Compounds 
From Cutback Asphalts . . . . . . . . . .  1-2 


Source o f  Emissions and Approach t o  Emission 
Reduction . . . . . . . . . . . . . .  2-1 


Uncontrol 1 ed Emissions . . . . . . . . .  2-3 


References . . . . . . . . . . . . .  2-3 


Costs o f  Applying the  Technology . 3-1 


References . . . . . . . . . . . . .  3-2 


E f f e c t s o f  App ly ing theTechno logy . . . . .  4-1 


Impacts o f  Atmospheric Emissions . . . . . .  4-1 


Water and S o l i d  Waste Impact . 4-1 


Energy Impact . . . . . . . . . . . .  4-2 


References . . . . . . . . . . . . .  4-2 


iii 




- - 

ABBREVIATIONS AND CONVERSION FACTORS 

EPA po l  i c y  i s  t o  express a l l  measurements i n  agency documents 

i n  me t r i c  u n i t s .  L i s ted  below are  abbreviat ions and conversion f a c t o r s  

f o r  B r i t i s h  equivalents o f  me t r i c  u n i t s .  

Abbreviat ions Conversion Factors 

1 - l i t e r s  1it e r s  X .26 = ga l lons  

kg - ki logram kg X 2.2 = pound ( I b )  

l b  X0.45 = kg 

rn3 - cubic meter rn 3 X 0.16 - b a r r e l  ( b b l )  
3bb l  X 6.29 = rn 

2rn2 - square meter m X 10.8 = square fee t  ( f t2) 
2ft2 X 0.093 = n 

m ton  - met r i c  ton  m ton  X 1.1 = ton  
t o n  X 0.91 = m ton  

Mg - megagram Mg = rn t on  

kg/1 03m3 - kilograms per thousand kg/103m3 X 0.35 = 1b/ lo3bbl 
cubic meters 3 3 1b/ lo3bbl X 2.86 = kg/lO m 

rn3/day - cubic meters per day m3/day X 0.16 = bb l l day  

bbl/day X 6.29 = m3/day 



1.0 INTRODUCTION 

This document addresses the  con t ro l  o f  v o l a t i l e  organic compounds 

(VOC) from paving asphalts 1 i que f ied  w i t h  petroleum d i s t i l  l a t e .  Such 

l i q u e f i e d  asphal t  i s  genera l ly  r e f e r r e d  t o  as cutback asphal t .  The sub- 

s t i t u t i o n  o f  emulsions f o r  cutback asphal t  near ly  e l im inates  the  re lease 

o f  VOC a i r  p o l l u t a n t s  from paving operat ions. The VOC emit ted from the 

cutback asphalts are  photochemically r e a c t i v e  (precursors t o  ox idants) .  

Methodology described i n  t h i s  document represents the  presumptive 

norm o r  reasonably a v a i l a b l e  con t ro l  techno1 ogy (RACT) . RACT i s  defined 

as the  lowest emission l i m i t  t h a t  a p a r t i c u l a r  source i s  capable of 

meeting by the  appl i c a t i o n  o f  con t ro l  technology t h a t  i s  reasonably a v a i l a b l e  

consider ing technological  and economic f e a s i b i l i t y .  It may r e q u i r e  technology 

t h a t  has been appl ied t o  s im i la r ,  bu t  n o t  necessar i l y  i d e n t i c a l ,  source cate-

gor ies.  It i s  no t  intended t h a t  extensive research and development be conducted 

before a g iven con t ro l  technology can be app l ied  t o  the  source. This does not,  

however, preclude r e q u i r i n g  a short- term eva luat ion  program t o  permi t  t h e  

a p p l i c a t i o n  of a g iven technology t o  a p a r t i c u l a r  source. The l a t t e r  e f f o r t  

i s  an appropr iate technology- forc ing aspect o f  RACT. 

1.1 NEED TO REGULATE CUTBACK ASPHALTS 

Control  techniques guide1 ines  are  being prepared f o r  source categor ies 

t h a t  emit  s i g n i f i c a n t  q u a n t i t i e s  o f  a i r  p o l l u t a n t s  i n  areas o f  the  country 



-- 

where National Ambient A i r  Q u a l i t y  Standards (NAAQS) are  no t  being at ta ined.  

Cutback asphalts are a s i g n i f i c a n t  source o f  VOC and tend t o  be concentrated 

i n  areas where the  oxidant  NAAQS are l i k e l y  t o  be exceeded. 

Nationwide VOC emissions from the use o f  cutback asphalts were 

estimated t o  be 655,000 met r i c  tons i n  1975. This represents 3.8 percent 

o f  t o t a l  1975 VOC emissions from s ta t i ona ry  sources. I n  some States, 

cutback asphalts accounted f o r  more than 15 percent o f  1975 emissions. 

Since asphal t  paving operat ions occur predominantly dur ing  warm 

weather, when format ion o f  oxidants i s  most prevalent,  the  decreased use of 

cutback asphalts could provide major assistance i n  ox idant  at ta inment  and 

maintenance s t ra teg ies .  

1.2 SOURCES AND CONTROL OF VOLATILE ORGANIC COMPOUNDS FROM CUTBACK 

ASPHALTS 

L iquef ied  asphalts are genera l ly  prepared by c u t t i n g  back o r  b lending 

asphal t  cement w i t h  petroleum d i s t i l l a t e  o r  by emuls i fy ing  asphal t  cement 

w i t h  water and an emuls i fy ing agency. Heated asphal t  cement i s  genera l ly  

used t o  make asphal t  pavements such as asphal t  concrete. Cutback and 

emuls i f ied  asphal t  a re  used i n  near ly  a l l  paving app l ica t ions .  I n  most 

app l i ca t i ons  cutback and emuls i f ied  asphal t  a re  sprayed d i r e c t l y  on t h e  

road surface; the  p r i n c i p a l  other  mode i s  i n  co ld  mix app l i ca t i ons  normally 

used f o r  w in te r  t ime patching. 



VOC evaporate t o  the  atmosphere as t h e  cutback asphalts cure. 

The VOC i n  cutback asphal t  w i l l  range from 20 t o  50 percent by volume 

averaging 35 percent. Emuls i f ied asphalts, on the  other  hand, cons is t  o f  

asphal t suspended i n  water conta in ing  an emu ls i f i e r .  The petroleum d i s t i  1l a t e  

(VOC)  s u b s t i t u t e  i s  approximately 98 percent  water and 2 percent emul s i f  i e r .  

The water i n  emuls i f ied  asphal t  evaporates dur ing  cu r ing  wh i l e  the  emul s i f i e r  

i s  re ta ined  i n  the  asphalt .  The e m u l s i f i e r  i s  composed o f  n o n - v o l a t i l e  organic 

chemicals. The s u b s t i t u t i o n  o f  an emu ls i f i ed  asphal t  f o r  cutback asphal t  

reduces VOC emissions by 0.078 tons per ton  o f  slow cure asphalt ,  0.209 tons 

per ton of medium cure asphalt ,  and 0.204 tons per t o n  o f  r a p i d  cure asphalt, 

o r  about a 100 percent reduct ion. 



2.0 SOURCE OF EMISSIONS AND APPROACH TO EMISSION REDUCTION 

Cutback asphalts are mixtures o f  so lvent  and a base asphal t  of 

se lected hardness o r  v i scos i t y .  Solvent i s  o f  high, medium, o r  low 

vo l  a t i  1 it y  depending on const ruc t ion  purposes. O f  the  1 i q u i  d aspha l t i c  

products i l l u s t r a t e d  i n  F igure 1 ,' the f i r s t  th ree are  cutbacks. 

F igure 1. L iqu id  Asphal t ic  Products 

GASOLINE 

EMULSIFIERki 
UQUlD ASPHALT 

RAPID MWM SLOW ASPHALT INVERTED 
CURING CURIN6 CURING EMULSIONS EMULSIFIED 

(nO W) - (so ASPHALT 
~ O a S 

I 
W E :  RIII nnot pmpwthd k onpwlWlo ' 

Upon exposure t o  atmospheric condi t ions,  t h e  h i g h l y  v o l a t i l e  naphtha 

so lvent  i n  r a p i d  cu r ing  blends evaporates q u i c k l y  and leaves a hard 

viscous base asphal t. Less v o l a t i l e  kerosene evaporates more s lowly  

from medium cur inq  blends and leaves a base aznhialt of medium hardness 

o r  v i s c o s i t y .  Slow cur ing  blends conta in  a low v o l a t i l i t y  f u e l  o i l  type 

so lvent  hence they r e q u i r e  the  longest  cu r ing  period; they leave a s o f t  

low v i s c o s i t y  asphal t  on t h e  aggregate. Slow cu r ing  cutback a l t e r n a t e l y  
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may be made d i r e c t l y  by d i s t i l l a t i o n .  Both the  cur ing  r a t e  and 

c h a r a c t e r i s t i c s  o f  t he  res idua l  asphal t  are f a c t o r s  t o  be considered i n  the  

s e l e c t i o n  o f  l i q u i d  asphalts f o r  var ious uses.* Cutback asphalts a re  

appl ied e i t h e r  i n  a spray d i r e c t l y  t o  the  road sur face o r  i n  a co ld  mix 

e i t h e r  prepared i n  advance o f  app l ica t ion ,  o r  a t  t he  job s i t e .  

Hydrocarbons evaporate from cutback asphalts a t  t he  j o b - s i t e  and 

mix ing p lan t .  A t  the  j ob -s i te ,  hydrocarbons are emit ted from equipment 

used f o r  apply ing the  aspha l t i c  product and from road surfaces. A t  t h e  

mix ing p l a n t  hydrocarbons are  released dur ing  mix ing and s t o c k p i l  ing.  

The l a r g e s t  source of emissions, however, i s  t h e  road sur face i t s e l f .  

For any g iven asphal t / so l ven t  mix, t o t a l  emissions w i l l  remain the  

same regard1 ess o f  s t o c k p i l  ing, mixing, and a p p l i c a t i o n  time. The con t ro l  

technique requ i res  the  s u b s t i t u t i o n  o f  an emuls i fy ing  agent and water f o r  the  

petroleum d i s t i l l a t e  r e s u l t i n g  i n  an emission reduct ion  a t  a l l  t he  sources. 

Switching t o  an emulsion does n o t  r e s u l t  i n  any equipment changes o r  

a p p l i c a t i o n  procedure changes. The major cons idera t ion  i s  t h a t  t h e  
- - .-. - - - - - -

emulsion mixes proper ly  w i t h  the aggregate r e s u l t i n g  i n  a pavement of 

comparable durabi 1 ity. States w i t h  experience i n  apply ing asphal t  r e p o r t  

t h a t  emulsions can be used i n  almost a11 app l i ca t i ons  where cutback has 

here to fore  been employed, I n  the  past  th ree t o  f o u r  years the  Sta te  of New 

York c i t e s  l i t t l e  o r  no d i f f i c u l t y  i n  convert ing 100 percent  from cutback t o  

emu ls i f i ed  aspha 1t.3 The Sta te  o f  Pennsylvania i s  p resen t l y  us ing 70 percent  

emuls i f ied aspha 1t t o  30 percent cutback asphalt ;  t he  Sta te  i s  comni t t e d  t o  



emulsions and expects t o  s u b s t i t u t e  i n  greater  The Sta te  o f  

Indiana i s  a heavy user o f  emuls i f ied  asphalt ,  as we l l  as a st rong 

supporter o f  i t s  Some Sta te  highway departments have expressed 

concern over the use o f  emuls i f ied  asphal t  dur ing  wet and co ld  weather 

and i n  app l i ca t i ons  which requ i re  s t o c k p i l i n g .  States which experience 

wet and co ld  weather, however, have been able t o  swi tch  from cutback 

t o  emuls i f ied  asphalt .  

2.1 UNCONTROLLED EMISSIONS 

It i s  the  petroleum d i s t i l l a t e  ( d i l u e n t )  i n  the  cutback asphal t  

t h a t  evaporates; the  average d i l u e n t  content i n  the  cutback i s  35 

percent by volume. The percentage o f  d i l u e n t  t o  evaporate i s  dependent 

on the  cure type. The emission f a c t o r s  are: Slow cure (SC) - 20 t o  

30 percent o f  d i l u e n t  content, average 25 percent; Medium cure (MC) -
60 t o  80 percent, average 70 percent; Rapid cure (RC) - 70 t o  90 percent, 

average 80 percent. These fac to rs  are independent o f  t he  percent o f  

d i l u e n t  i n  the  mix w i t h i n  the  normal range o f  d i l u e n t  usage f o r  cutback 

asphal t s .  6 
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3.0 COSTS OF APPLYING THE TECHNOLOGY 

To address the costs o f  replacement o f  asphal t  cutbacks w i t h  asphal t  

emulsions, t h i s  sec t ion  focuses on the  d i f ferences i n  u n i t  operat ing costs 

between cutbacks and emulsions on a  cents per  ga l l on  basis. The user of 

asphal t  mixes does no t  have -- t o  -undergo an-y c a p i t a l  expenditures i n  making 

the  subs t i t u t i on .  Generally, the  same mix ing p l a n t  t h a t  formulates cutback 

mixtures can prepare emulsion paving mixtures w i thout  any equipment changes. 

I n  add i t ion ,  t he  same highway equipment used f o r  a p p l i c a t i o n  o f  cutback can 

be used t o  apply emulsions. 

The comparison o f  asphal t  cutbacks w i t h  emulsions i s  bes t  s ta ted i n  

terms o f  a  p r i c e  per g a l l o n  f o r  the  t o t a l  aspha l t  mix. S ta te  highway 

departments i n  t h e i r  procurement o f  const ruc t ion  p r o j e c t s  w i  t h  paving 

cont rac tors  view costs i n  t h i s  manner. A t y p i c a l  example might  be a  

n. ' The cos t  of reported p r i c e  comparison f o r  Waukesha County, ~ i s c o n s i  

emu ls i f i ed  asphal t  was 33.75 cents pe r  ga l l on  versus 36.92 cents per 

ga l l on  f o r  cutback, a  savings o f  approximately 10 percent f o r  the  emulsion 

mix. According t o  i ndus t ry  representat ives each ga l l on  o f  cutback i n  the  

t o t a l  aspha l t  mix i s  normally replaced w i t h  one ga l l on  of emulsion. Based on 

communications w i t h  35 Sta te  highway departments, s u b s t i t u t i o n  o f  emulsions can 

r e s u l t  i n  savings up t o  20 percent,2 which i s  approximately 6 t o  7 cents per  

ga l lon .  Conversely, one Sta te  reported a  cos t  pena l ty  o f  1  cent  per  g a l l o n  

f o r  the  use o f  e m ~ l s i o n s . ~  A review o f  p r i c e  quotat ions i n  the  Engineering 
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News Record 4 f o r  11 metropol i t a n  areas f inds t ha t  p r i ce  di f ferences fo r  

emulsions range from a 5 cent per ga l lon savings t o  a 1 cent per ga l lon 

penalty. These p r i ce  quotations were based on mater ia ls used f o r  surface 
-.. -

treatment appl i ca t ions  (Rapid cure cutback, f o r  example) . Based on the 

responses from the States and the 1 iterature,  the conclusion i s  t h a t  overa l l  

replacement o f  cutbacks w i th  emulsions w i l l  general ly r e s u l t  i n  savings on 

the order o f  3 cents per gal lon. 

I t  would appear t h a t  the most important fac tors  t h a t  af fect  p r i c i ng  

of the two competing asphalts are the type of app l ica t ion (slow, medium, 

r ap id  cure), customer reluctance toward emulsions i n  some areas, and 

avai 1 abi 1 ity o f  d i  s t i  1 1 ates . However, the extent  t o  whi ch these factors 

apply i s  d i f f i c u l t  t o  quant i fy .  The s ize o f  the paving p ro j ec t  i s  no t  a 

factor. 

I n  t e n s  o f  cost-effectiveness, a 1 cent per ga l lon  d i f f e r e n t i a l  

represents a cost o r  a c r e d i t  o f  1.6 cents per kilogram o f  VOC emission 

reduction. The basis f o r  t h i s  der i va t ion  i s  the f o l  lowing assumptions: 

(1) a nationwide emission r a t e  o f  655,000 metr ic  tons per year of 

VOC emissions from 3,729,000 metr ic  tons o f  asphalt cutback sold i n  1975 

(see page 4-1 ) and 

(2) a weight densi ty o f  7.82 pounds per ga l lon f o r  medium cure 

cutback, which i s  the most common type cutback used. 
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4.0 EFFECTS OF APPLYING THE TECHNOLOGY 

4.1 IMPACTS ON ATMOSPHERIC EMISSIONS 

The estimated uncontrol 1 ed hydrocarbon emi ss i  ons i n  1975 from the 

use o f  cutback asphal t  were- 655,000 metr ic  tons per year. This represents 

3.8 percent o f  the estimated 1975 t o t a l  s ta t ionary  source hydrocarbon 

emissions of 18 m i l l i o n  met r ic  tons per year. 

The 1975 nat iona l  sales of cutback asphalts f o r  paving are as 

fo l lows:  Slow cure (SC) - 901,000 metr ic  tons; Medium cure (MC) -
1,840,000 metr ic  tons; and Rapid cure (RC) - 988,000 metr ic  tons. 1 

Hydrocarbon emissions = cutback asphalt  (metr ic tons/year) 

X f r a c t i o n  d i l u e n t  (assume 35% by volume. 

therefore, by weight SC = 31.1%; 

MC = 29.8%; RC = 25.5%)' 

X f r a c t i o n  o f  d i l u e n t  t h a t  evaporates 

Total  hydrocarbon emissions = (901,000) (.311) (.25) + 

(1,840,000 (.298) (.70) + 

(988,000) (.255) (.80) = 655,000 
metr ic  tons/year 

The use of emulsif ied asphalt  i n  place o f  cutback asphalts r esu l t s  i n  a 

100 percent reduct ion o f  hydrocarbon emissions. 

4.2 WATER AND SOLID WASTE IMPACT 

There are no s i g n i f i c a n t  s o l i d  o r  l i q u i d  wastes associated w i t h  the 

use o f  emuls i f ied asphalt. 
4- 1 



4.3 ENERGY IMPACT 

The t o t a l  energy associated w i t h  manufacturing, processing, and 

l a y i n g  one ga l l on  o f  cutback asphal t  i s  approximately 50,200 Btu. On 

the  o ther  hand, ana lys is  o f  emuls i f ied  asphal ts  shows t h a t  about 98 percent 

of the  petroleum d i l u e n t s  are  replaced w i t h  water w i t h  t h e  r e s u l t  t h a t  on l y  

2,830 Btu are associated w i t h  each ga l l on  o f  emuls i f ied  asphal t.3 Based 

on the  1975 usage, the s u b s t i t u t i o n  of emulsions f o r  the  petroleum d i s t i l  l a t e  

would save approximately 1.6 b i l l i o n  l i t e r s  o f  d i s t i l l a t e  f o r  use as o r  

conversion t o  fue ls .  
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