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I 111s stiidy \viis initiatcd to ircvic\\/ the literalure and  teclinology :ipplic:ihle to coat it12 1~cvcr;iyc c:iiis. 

to coilfirin prcviotis assuiiipt ions made about thc low a i r  e m  issions impact of’tlic I I \ ;  c;in p i i n t  in: 
pt-c~ccss, to clctermine cncr-gy cstimntes lbr  thermal and U V  processcs, and  to assess cost effect ivciics.4 01 ’  
tlic l o p  two competing tecliiiologies. 

licsiilrs liavc indicated t h a t  h e  tccliniques that are most applicable to cat1 printing are the solvent ink  
aticl  high solids overvarnish printing with thermal curing, or the U V  based ink and overvarnish printing 
with U V  curing. 

Overall, the UV process is significantly lower in energy usage than the thermal process with or 
without incinerator controls. ‘This is true for the direct consumption of energy at tlie production site 
iiloiie, or for the additional impact of energy requirements at the power utility feeding electricity to t l ic 
C i l l l  plant. 

llits teview has indicated that the UV process has much lower air emissions than the thermal pto~ess, 
that tlie UV process is equivalent to the thermal process with incinerator controls for VOC and HAP 
ctii mion\, and that thc UV process has significantly lower system COz emissions than either thermal 
p1 occ\\ 

I’lic cconotnic review has indicated that tlie UV process is more cost effective than the installation of 
a ncw thermal oven process, or a new thermal oven process with incinerator controls. The UV process 
once installed is comparable in operating costs to a thermal process without ail- emissions controls via an  
incinerator. The UV process once installed is much more cost effective than a thermal process with an 
incinerator control. The installation of a new UV process, however, is not imiiicdiately cost compctitivc 
to the installation of an incinerator control to an existing thermal process, although it is cost effective in 
tlic long term. 

A markct review indicated that domestic production of beverage cans is approximately 100 billion 
caiis a year. Growth domestically is projected to be about 2% a year, with higher growth internationally. 
Almost all beverage cans are currently 2 piece aluminum cans, and can production is dominated by five 

can manufacturing companies. There is only one UV based can plant currently. 



~. I able VI-23. 170tal Emissions Suiiimary 
(facility + utility soiirces, 1 billion cans/yr production) 

(wy) 

Nitrogen oxides 7.2 12.8 8.9 

Sulfur oxides 20 25 20 

Pa I- t i c u I a t es 26 32 27 

\'OC 0.57 0.62 3 1 .o 

I4 A I' 0.13 0.25 12.6 

co 0.17 1.22 0.57 

co2 1,900 5,700 3,200 

11. PROCESS DESCRIPTION 

Tlie process of decorating the external surface of a 2-piece beverage can may involve up to four 
different stages: (1) base coating, (2) printing, ( 3 )  overvarnish, and (4) bottom coating. A can label with 
graphics may require a basecoat, typically white, upon which tlie colored printing inks are applied. U p  to 
four inks may be applied on top of either the bare metal or tlie base coat. The clear overvarnish is 
applied over the inked can to provide protection and abrasion resistance. Many manufacturers also apply 
a bottom coating to decrease the friction of the cati bottom and to enhance can mobility. Base coats 
gcnerally consist of water-based high-solids coatings, commonly referred to as water-based coatings. 
Either solvent-based high-solids inks or UV-curable inks can be used for printing. UV-curable inks can 
only hc used in  conjunction with UV-curable overvarnish. 

I n  coating a _?-piece can, the exterior coating is applied after a large coil of metal i s  cut into sheets and 
the sheets arc internally coated. A printer applies one ink to the sheet at a time. Tlie ink is cured prior to 
tlie application ofthe next ink. A roller applies the overvarnish to tlie sheet after it leaves tlie printing 
station. 'l'hc slicct is then slit into individual body blanks, which are formed into cans. 

The coating of a 2-piece cati is accomplished by rotoprinting. The printing stage occurs after cups 
arc punclied out from huge metal coils, formed into can-shapes, trimmed, and cleaned. The inks arc 
applied to an intermediate medium, which then applies the image to tlie formed cans. The overvariiisli is 
applied on top of tlie inks while they are still wet. The coatings are cured in thermal gas-fired ovens to 
evaporate the volatile components from the coated surfaces, resulting in most, if not all, of tlie VOCs 



lxiiig ciiiitted into the atmosphere. 13oth 3-piece and 2-piccc c m s  ;ire iiiteriiiilly coated \v i l l i  ;I I:ootl aiicl 
1)i-iig Administration (I:I~A)-nppr(~vee{ \vater-bascd coatings. \vIiicli is suhsequcnmtly clricel a n d  cured i i i  
21 tllcrmal ()\'ell. 

1 1 1 .  COA'I'ING TYPES 

'Ihe review conducted on surface coating technologies liiis indicated that tlie solvent based, high 
solids ink application techniques or tlie UV curing ink application techniques are the only practical 
iiicthocls that arc currently iipplicable to printing images in bcveragc cans. The technologies that  are both 
potentially applicable and practical for applying [lie clcai- o\'ci- varnishes oii cans are the water based ovcr 
wrliislies o r  tlic UV over variiislics. 

'I'lie technologies that  are currently in use in the 2 piccc can manirlhctLiriiig industry are primarily the 
sol\,cnt based, high solids ink  application techniques i n  coii.jiinction with tlie water based over varnishes. 
'I'lie l J V  curing ink  and ovcr varnish application technique is i i i  use t o  ;in extent representing only 

approximately 4 % of  tlic 2 piece can manufacturing industry. 

Table V-2. Coating and printing technologies currently i n  use 

Solvent-based, 
11 igli-sol ids 

Water-based 

UV-curable 

Powder 

Not  coatcd o r  
I a he I ed 

Tota I s 

< I O  

0 

0 

0 

>90 

100 

96 

I00 

I V . EM IS S I ON S CONFIRM AT ION 

I~~n\~ironniental ImDact of the Energy Source 

0 

96 

4 

0 

0 

100 

0 

90 to 96 

0 

<1 

4 to 10 

100 

13nvitonmcntaI impacts caused by tlie electrical energy used in can coating processes include C 0 2  and 
criteria pollutant emissions' at the electric utility. This impact depends on the electrical energy sotirce. 
Coal-derived electricity has a substantial air impact compared to natural-gas-derived electricity. In 
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atidit ion.  tlicre arc othcr significant impacts xssociatcd with using elecli-icity l ' i a i i  other sources, such ;is 
nriclear \\.;istc fi-orn nuclear power plants. I Itnvevei-, these impacts fa l l  beyond the scope of this analysis. 

As is qiparcnt Ti-om tlie typical energy breakdown 101- tlie United States in tlie year 2000 coal will 
continue to be tlie largest source of electrical energy, followed by nuclear energy and natural gas. 

Natural gas coinbustion from curing ovens creates emissions of carbon dioxide (CO2) arid criteria 
polliitants. C02 accounts for 99.5 percent ofthe emissions oii a mass basis. 

I Water-Based Process Analysis 

The review ofthe water based coatings included an analysis of Material Safety Data Sheet (MSDS) 
a n d  formulation contents of the coatings to dctermine potential air emissions. The review also 
deter-m ined potential emissions fiom thermal processes running witliout any incinerator emissions 
control  devices, and thermal processes with incinerator conttol devices. 

Many 2-piece beverage can manufacturers use water-based coating systems that include solvent-based 
high-solids inks, and water-based overvarnish and bottom coatings. The inks are formulated to be 
compatible with the water-based overvarnish, and may contain up  to 25 percent of volatile constituents. 
1 ypical VOC constituents of these coatings, based upon data obtained froin product Material Safety Datad 
Sheets (MSDSs). 

~. 

U V  I'rocess Analysis 

The environmental impacts of UV-curable coatings result from the coating formulations, the energy 
source for the electricity, and the mercury vapor lamps used to cure the coatings. 

U V  curable coatings contain 98 to 99- percent solids. The majority of the volatile compounds arise 
from the photoi n i t iators coiitai lied in these coatings. 

A review of available sources indicates that VOC emissions have been measured from UV- curing 
and internal coating oveiis. i t  is believed that molecular reactions may occur during tlie UV-curing 
pi-ocess, thereby generating air emissions. Weight loss i n  a UV-curable coating, as it passed through an 
intcrnal coating oven, has also been reported. A weight loss as high as 3 to 5 percent lias been observed. 

CO M I'A R I SON 

Because UV-curable coatings are almost 100-percent solids, their VOC emissions are substantially 
belo~v those of water-based coatings. Initial VOC emissions testing indicates that the VOC emissions 
tiom IJV-curable coatings total approximately 1 to 7 tons per billion cans, as compared to 28.9 tons per 1 
billion cans from water-based coatings. Hence, in the 2-piece beverage can coating industry, VOC 
cinission reductions of tip to 94 percent can bc achieved using a UV-curable acrylate system rather tlian a 
typ ica I watcr-based coating systeiii. 

Mercury vapor lamps are typically used iii curing UV-curable coatings. Ozone, a criteria pollutant, is 
eiii itted during the operation ofthe lanips. Current data regarding ozoiie emissions from mercury-vapor 
I m p s  itidicatc that very low ozone emissions occur during the curing of UV-curable coatings. I-lowever, 
signillcant ozone emissions were observed for a short period during the cold startup of a UV-curing oven 
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Adtlitioiial OLOIIC cii i issioiis data was obtained to verify a i i d  dctcriii itic tlie impacts 01' nicrcury-vril)oi 
1;1111~7 c~lr ing. 

I<csulls frotii the U V  can line indicate that approxiiiintelj 0 8 tons/year of VOC ate gcnci,itetl Ati 

aiialy\is \VIIS conducted on botli the printer exliausl area in xlt l i t ioi i  to the acti ial  l J V  ovcii cxliau\t, 50  11115 

iiuiiibet- represents the siiiii of botli ~ i r e a ~ .  

No analysis was cotiductcd for a UV process with incinerator controls, as the VOC and I-{AI' 
eiiiissions were already very low. 

Other air emissions, i.e. nitrogen oxides, sulfur oxides, particulates, noli-methane hydrocarbons, 
carlxln nionoside and calbon dioxide, were calculated from emission factors for natural gas utilization, 
based 0 1 1  manufacttit-ers eqiiilmetit specifications. Determinations of additional indirect air emissions 
resulting from powcr utility plodtiction of the electricity wcic also made. 

Tlie UV process iii  comparison to either the tliermal proccss with incinerator controls, or the thcrtiial 
process with no controls, showed significantly lower total environmental emissions. When iioriiiiili~cd 
to an annual production of  1 hillion cans, tlie VOC and I-IAP levels were approxiriiately similar between 
the U V  and thermal process with incinerator control. All other parameters, i.e. nitrogen oxides, sulfiir 
oxides, particulates, lion-mct1i;ine hydrocarbons, carbon monoxide arid carbon dioxide, were insignificant 
for the UV process but potentially significant for tlie thermal processes. 

W lie t i  cons id er i ng the ind i rect e nv i ronm e ti tal em i ssio ti s I i i  add it io t i  to tlie d i rect process e ti1 i ss io tis, 
tlie same trend is evident. Power utility conversion of coal into electricity generates criteria pollutants 
and C02 for the UV process. The thermal curing process i n  either the uncontrolled or incinerator 
controlled modes generate higher amounts of criteria pollutants and C02 .  Tlie VOC and HAP levels are 
comparable between tlie UV and thermal-incinerator process, however nitrogen oxides, sulfiir oxides, 
particulates, carbon monoxide and carbon dioxide levels are higher for both tlie thermal with incinerator 
and thermal uncontrolled processes. This difference I S  most significant in C 0 2  emissions, with the 
thermal uncontrolled process generating 2.5 X as miicli COz as the UV process, and the thermal process 
with incinerator control generating 4 X as much C 0 2  . 

V. ENERGY ANALYSIS 

To analyze tlie overall impacts of tlie can decoration process, three factors are considered: energy 
utilization, envii-onmental impacts, and process ecotioiiiics. I'he energy utilization of tlie decorating 
process using the water-based coating system and the U V  coating process are discussed. 

A process analysis was conducted on both the thermal curing process and tlie U V  curing process to 
determine the direct energy consumption of the process lincs themselves, and in addition, the indirect 
energy consumption, The indirect energy consumption included the power utility energy utilization 
required to provide electrical power to the production lines. The process assumptions were again 24 1iour 
ii day operation, 365 days a year, with a 1 billion can per year production rate. 

COMPARISON 

The UV process direct e'nergy requirements are for electricity only, at 5,260 MMBtidyear for a one 
billion can per year production rate. Thertiial process curing requirements include electrical needs for 
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caii co~ivcya~icc and a i r  circulation, and additional natural gas coiisumption, for a total of29,30O 
MM13ttrlycar. With an additional incinerator for a i r  emissions control, the thermal process requirement 
i t i c tusc 'c  to 66,500 MMl3tdyear. 

Usage 
Coating Type (mg sol ids/can) 

Ink  4.5 to 36 

Overvarnish * 70 to 100 

Bottom coat * 15 

VI. COST ANALYSJ 

Cost per 1,000 Cans 
($/I ,000 Cans) 

Uti it Cost 

I .65 to 10.00 $Ab 

5.00 to 10.00 $/gal 

5.00 to 10.00 $/gal 0.13 

0.0 16 to 0.79 

0.30 to 0.86 

WATER- B A S ED COA 1'1 N C I' ROC ES S 

In  assessing the process economics of water-based coatings, raw-material costs are a priinary 
consideration. Raw materials include ink, overvarnish, and bottom coat. Because less than 10 percent of 
beverage can manufacturers use a basecoat in the can decoration process, no basecoat is included in  this 
analysis. Other costs to consider in  analyzing process economics include tlie cost of an incinerator to 
coinply with the I990 CAAA M A C T  requirements. 

Raw Matcrials 

The usage rates of each type of water-based coating - ink, overvarnish, and bottom coat - are 
prcscnted in Table VIII-I .  On a per-can basis, the cost of overvarnish is clearly the highest of the three 
coating types. 

Table VIII-I . Water-based coating usage and unit costs 

* Assuming the coating contains 30-percent solids with a density of 8.5 1b/gal. 

In cvaluating the raw material costs of a water-based coating, the percent of solids contained in the 
coating miist be considered. The solids contcnt is the portion of the coating that remains on the substrate. 
A water-based overvarnish, for example, generally contains 30- to 40-percent solids, 45- to 60-percent 
watcr, and 6- to 15-percent solvent. The water and the solvent evaporate from the coating during tlie 
curing process. IHence, when applied solids are considered, a water-based overvarnish that costs from $5 
to $ I O  pcr gallon (containing 30- to 40-perccnt solids) actually costs as much as $30 per gallori 
(containing IO0 percent solids). 

Otic atldiiioiial factor to consider i n  analy/ing tlic process economics of water-based coatings is the 
distance cans are shipped Whcn cans are disiributcd locally, less overvarnish is required because the cans 
do not travel fitr and arc thus not subjected to the rigors of long-distance travel. 

Whcn cans are distributed out of the state or out of tlie country, on the other hand, a thicker overvarnish. 
or one with higher abrasion resistance, must be applied to protect the cans against the rigors of long- 
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clistiiiicc tr.;insj,oi-tation. 1:or instance, i f  i t  costs $0.5 I27 to coat 1,000 cans that  will be shipped 1.000 
iiiilcs. i t  will cost $0.6836 t o  coat 1,000 cans that will be shipped 2,000 miles, a 33-perccnt iiicrciise. 

I ncincrator: 

install ii  VOC control system. Tlic procedures to estimate the costs associated with such controls arc 
dcliiieated i n  tlic EPA handbook, Control Technologies for I lazardous Air  Pollutants. 

'l'lic capital and operating costs of using water-based contiiigs slioultl include an analysis o f  tlic cost t o  

Prior to calculating the capital and operating costs, several parameters iniist be quantified, such as 
conccntrations, flow rates, fuel nccds, and combustion chamber volume. Tlie likely VOC concentration 
niiist be dctcrmincd t o  estimate tlie minimuin flow rate and the heat content oftlie emission stream. 
SulJplciiiciitiiry fuel requirements are calculated based 011 tlic flow rate, density, and heat content of tlie 
cinission stream. The volunie of tlie combustion cliainber IS calculated based on tlie residence time 
req I I i red to ob t a i 11 a g i v e n d c s t r tic t i on efficiency. 

r _  I lie capital cost of the incinerator is tlie suin of equipment and installation costs. Tlie cost of tlie 
incinerator unit is based on an empirical formula that is a fiitiction of tlie flue gas flow rate and [lie 
ass timed Ilea 1 exchanger efficiency . Aux i I iary eq ti i pin en t, d uc twork, foundations and s ti p port s, and o t l icr 
site preparation costs ;ire estimated as factors of tlie incinerator equipment cost. Annual ut i l i ty  co\ t \  are 
based on tlie calculated suppleiiicntary fuel requirement, a id  the electricity needed to power the I'an that 
iiiovcs the gas through tlie incinerator (a function of system flow rate and pressure drop). 

U V-CU RA I3 LE COATING PROCESS 

The process economic evaluation of decorating cans with UV-curable coatings should include two 
factors: tlie raw material cost of the UV-curable coatings, aiid the costs of tlie UV-curing oven. These 
factors are discussed below. 

Raw Materials: 

raw-material costs for UV-curable overvarnish are higher than those for water-based overvarnish, diie to 
tlie ciirrctit low dcmand and supply of UV-curable coatings. This factor proved to be tlic ma-jor deterrent 
for many beverage can manufacturing facilities that had contemplated converting to UV-curable coating 
systci i is, I lo\vevcr, if the niai-ket for UV-curable coatings grows, the supply of these coatings sliould 
increase in rcspoiise to tlie dcmand, resulting in a reduction i n  raw-material costs. 

r _  I lie raw-material costs of UV-curable coatings are listed in Table Vl l l -6 .  Tlie data indicate 11iat the 

O&M costs associated with using UV-curable coatings to coat tlie external surfaces of aluminum 
beveragc cans include labor aiid part costs to maintain and repair tlie UV-curing oven. Maintaining ;I 

UV-curing oven lias proven simpler and more economical tlian maintaining a thermal oven, since :I l JV-  
curing oven has virtually no moving ineclianical parts. The electrical components are modular so that 
any faulty component can easily be either replaced or removed for troubIesIiooting and repair, tlierehy 
reducing downtime. It lias been documented that a savings In O&M costs of up to 3 1 percent can bc 
xliieved through tlie use of IJV-curable coatings. 

UV-curinrr Oven atid Associated Equipment: 
Using UV-curable coatings involves a one-time cost associated with the purchase of tlie IJV-curiiig 

ovcii and its accessories. Components of a UV-curing system include tlie UV-oven, vaciiiitii conveyor, 
power supply, light shields, reflectors, and blowers. A UV-curing oven with a process rate of 1,300 cans 
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pcr tiiiiiittc costs approximately $300,000. Such an ovcti includes 12 IO-inch laiiips, and is 9 feet long, 5 
fcct wide, and 5 feet tall. The floor space requirement for such an oven is 90 percent less than tliat of a 
convcnlional tlieriiial oven. (The dimensions of a thermal oven are given below.) If production rates 
nced to he increased, only additional lamps are required; no retrofitting of tlie UV-curing oven is 
required. Othcr ecliti~~mcnt-associated costs are those for developing the technology and for installing tlie 
IJ V-curi ng oven. 

Ink  14.5 to 36 11.65 to 10.00$/lb 

100 to 120 25.00 to 35.00$/gal 

25.00 to 35.00$/gal 
I I Ovcrvariiisli 

Bottom coat 

Table VIII-6. UV-curable coating usage and unit costs 

0.0 16 to 0.79 

0.59 to 0.85 

0.089 to 0.1 1 

I I I I I 

Actual ~>roduction usage numbers were used for determining tlie raw material component of tlie fixed 
and variablc costs. Thc numbers used were a price o f $ 3  1 .S per gallon for over varnish and bottom coat 
materials, and $ 3.1 per Ib for ink. Coating application was 1 10 mg/can for over varnish, 15 mg/can for 
bottom coating, and 34 iiig/can for ink. 

COMPARISON 

The capital costs including iuslallation costs for a thermal oven are approximately $803,000. If an 
incinerator control system is added, the capital costs including installation increase to approximately 
$1,280,000. ‘flie capital costs including installation for a UV process oveii are approximately $428,000. 
Tlic UV process capital and installation costs are therefore significantly lower than either thermal 
]3rocess. 

Tlie a n n u a l  operating costs per billion catis, including electricity, natural gas, raw materials and 
opcration and maintenance, for a thermal ovcii process are approxiiiiately $ I  ,394,200. If an incineratot 
control systctn is added, the annual operating costs increase to approximately $1,837,000. The annual 
operating costs l h t -  a IJV process are appi-oxinlately $1,37 1,200. The UV annual operating costs are 
tliercfore approximately equivalent to tlie tlicrmal pr~cess  without an incinerator control system. ‘the 
U V  proccss operating cost is, however, lower than the thermal process with incinerator control. 

‘l’lic total installation and operating costs for  tlie tliermal oven process are approximately $2,197,200 I .  
If titi incinerator control system is added, the total installation and operating costs increase to 

apliroximatcly $3,1 17,0002. The total installalion and operating costs for a UV process are 
a p ~ ~ r ~ x i t i i n t e l y  $1,799,200. Tlie IJV total costs are therefore significantly lower thaii either thermal 
I’, roccs s . 
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I n  suiiimary, the IJV p r c m x i  is niore cost cflectivc t l ian  tlic installnticiti o f a  ne \ \  ihei.m;il oven 
pt-occss~ or ;I nc\v t l ier i i ial  ovci i  process \ v i t l i  Incinct~atot- cotili.ols. ‘l’lic [ J V  process once installed i s  
coiiipariihle in operating costs to a thernial process without iiir emissions controls via a n  incinerator. The 
IJV process once installed is niuch more cost effective tl ian :I thermal process with an incinerator control. 
l’lie iiistallation ol’a iiew U V  ~>rocess, however. is not imnictliately cost competitive to the installation 

ol’an incincrator control to ai1 existing tlicrmal process, although it is cost effective i n  tlie long ~criii. 
Approximately a three year pay back period woitld be reqtiircd i n  order to mitigate the higher cost ol’n 
new U V  process i n  comparison to adding control devices to  ;iii existing tlierinal ~irocess. 

VII. MARKET EVALUATION 

Almost I00 billion aliiiiiinum and steel beverage cans arc produced i n  the United States each ycar. 
‘Hiis section presents data showing tlie n~iriibei-c of‘bevcrage cans produced in the U.S. for domestic use 
and for csport. 

Approximately 100 billion catis are produced annually, ii i  1992 98 billion, in  1994 103 billion and in 
I995 98 billion cans were produced. Domestic shiptiictits comprise the majority of beverage can 
shipments; export comprises several percentage points of thc total shipments. Virtually all of tlie 
beverage cans are currently 2 piece cans, and the vast majority are aliitiiiniiiii; steel comprises 
approximately 3% of the market. 

Predictions have been made that tlie market growth domestically will be approximately 2% a year, 
however higher growth rates may be present i n  Europe (4-5%), Japan (3-4%), Asia ( 1  0%) and potential 
high growth rates i n  Mexico and Soitth America (25). Other projections indicate that worldwide cati 
consumption may reach 236 billion cans a year by 2000 (26). 

Approxiiiiately 369 can plants are present doinestically (27) ,  most as smaller sized facilities 
employing less than a few hundred employees. The production of cans is centered in approximately 5 
companies: American National Can (2 1 plants), Dall Metal Container (7 plants), Crown Cork & Seal Co. 

( 1  5 platits), Metal Container Corporation (8 plants) and Reynolds Metals Company ( 1  5 plants). ‘The 
only 2 piece beverage caii plant using tlie UV process is the Valley Metal Container plant. 

VIII. CONCLUSIONS 

l’his study has completed a review of the Iiteratiirc and technology applicable to coating beverage 
cutis. This review has indicated that the techniques tliat are most applicable to can printing are the 
solvcnt ink and high solids overvarnish printing with thermal curing, or the U V  based ink and 
overvarnish printing with UV curing. 

The energy consumption analysis was conducted for both the direct energy consumption of the cati 
lines, atid additionally for the indirect energy cons~imption tliat  occurs at tlie po\ver utility. The U V  
ptocess direct energy requirements are for electricity only, ;it 5,260 MMHtdyeai- for a one billion can 1x1 
ycar prodtiction rate. Thermal process curing requiremetits include electrical needs for caii conveyance 
a i i d  air  ciiculation, and additional natural gas consiimption, lor a total of 29,300 MMDtdyear. With an 
atlditional incinerator for air emissions control, tlie thermal process requirement increases to 66,500 
M M t3tu/year 
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Wlicn including tlie indirect encrgy requimnents ol'iitility electricity generation, The U V  process is 
19,500 MMBtdyear, tlie thermal proccss without incinerator controls are 60, I00 MMBtii/year and 
79,600 MMBtidyear for additional incinerator controls. 

Ovcrall, tlie U V  process is significantly Io\vci- in cncrgy tisage than the tlicrmal process with or 
wit lioiit iiiciiicrator controls. 

Tlic environmental impact of these tecliniqiics were compared. For the thermal based process, two 
scenarios were reviewed; a thermal process \vithoitt any air control system, and a thermal process with 
added on tlicrmal incinerator controls. Tliesc thermal processes were then compared to tlie UV based 
process. All reviews included tlie impact from the production line alone, and additionally, the indirect 
impact from powcr utilities feeding tlie prodriction lincs. 

This review has indicated that tlie UV process lias much lower air emissions than the thermal process, 
that tlie UV process is equivalent to the tlieriiial process with incinerator controls for VOC and HAP 
eriiissions, and that the IJV process has significantly Io\vcr CO2 emissions than either thermal process. 

An economic review was conducted on the processes the determine capital costs and operational 
costs. Results Iiavc indicated that tlie U V  proccss is more cost effective than the installation of a new 
tlicmial ovcn process, or a new thermal oveti process with incinerator controls. The UV process once 
installcd is comparable in operating costs to a thermal process without air emissions controls via an 
incinerator. The IJV process once installed i s  iiiitch more cost effective than a thermal process with an 
incinerator control. 'I'lie installation of a new U V  process, however, is not imiiiediately cost competitive 
to the installation of an incinerator control to ;in cxisting thermal process, although it is cost effective in 
tlie long term. 

A market review indicated that domestic production of beverage cans is approximately IO0 billion cans a 
ycar. Growth doiiieslically is projected to be about 2% a year, with higher growth internationally. 
Almost all beverage cans are currently 2 piccc aliiminitm cans, and can production is dominated by five 
can manufacturing companies. There is only one U V  based can plant currently. 




