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Introduction

The presented work applies ecodesign tool - eco-indicators from ,,The Eco-indicator 99
methodology [1] to assess environmental impact of milk packaging life cycle and develop
calculation equations which can help the dairy processing plant to reduce that impact. The studied
industry — Latvian dairy JSC “Valmieras Piens” does not develop the packaging itself but
purchases it from Swedish company ,,Tetra Pak”; however, it has the possibility to optimise
logistics and handling of packaging within its borders of influence. The plant has also control
over organisation of the milk packaging process itself. More importantly, the company can
influence the type of packaging it uses for its product, i.e. design, printing and materials used for
it. Therefore, the industry is in fact planning or designing an important part of the packaging life
cycle which basically constructs environmental impact of the plant’s main product - milk. During
the study it became apparent that ecodesign analysis of industrial process first of all reveals the
right questions that have to be asked in order to understand environmental load of produced
product. Process of seeking answers to these questions lead an industry to systematic analysis of
environmental consequences of manufacturing decisions and processes, and ultimately to more
sustainable solutions of the core product. Results of the work show eco-indicators of
environmental impact of milk packaging created at different life cycle stages, and the calculations
are based on data obtained from the dairy plant. The obtained figures of environmental impact of
packaging with different volumes are compared in the work. One of the goals of the work was to
obtain a practical tool that the enterprise could use for a relatively simple evaluation of changes
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in environmental impact at various stages of the cycle of packaging, calculated on 1 kg of milk, if
some of the environmental impact factors are changed. This goal is achieved by developing
formulas for calculation of total environmental impact, and includes main environmental impact
factors and relevant eco-indicators.

Principle of calculations of environmental impact for life cycle stages of milk packaging

Two types of milk packaging are currently dominating the market — plastic pouches and
cardboard packs [2]. 1 litre volume “tetrapak”™ (“TetraBrik baseline” product of “TetraPak’™) was
used as the main object of studies in the present work since it is the main type of milk packaging
used by the dairy. Comparison of environmental impact created during life cycle stages of the
above mentioned “tetrapak” with “tetrapaks” with volumes of 0,5 and 1,5 litre is also made since
these are popular types of packaging as well and used by the studied dairy plant. The process tree
which was used for calculations of environmental impact of “tetrapak™ is shown in Figure 1.

Production of PE Production of cardboard

A A

Production of packaging

A 4
Transport from ,,Tetra Pak” to dairy ,,Valmieras piens”

A 4
Storage, handling of packaging material, packaging
process of milk

A 4

Distribution of milk to wholesale storage

A 4
Handling of returned packaging (as part of the returned
milk products) and packaging waste created during
packaging process in the dairy plant

\ 4

Transportation of packaging waste to place of waste
management

Y
End-of-life scenarios

A 4
Landfill Incineration Recycling

Figure 1. Simplified process tree used for analysis of milk packaging (,.tetrapak™) life cycle
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The values of environmental impact are obtained for 1 kg of milk. Due to lack of information, no
environmental impact is calculated for materials and processes of printing the packaging. Road
(truck 40 t) and water transportation (freighter inland) is used for calculation of environmental
impact of delivery of the packaging material from Sweden to the dairy. There were no data
available on electricity consumption of the storage facilities of the packaging material and
transportation of the packaging from storage to the packaging site of milk with electric car. After
approximate estimates, it was concluded that these factors could be omitted due to relatively
small influence on total environmental impact. No heating is used for the storage facilities of the
packaging. Electricity consumption of the packaging machine is not separately measured in the
dairy therefore approximate estimate of electricity consumption for the packaging process was
made based on installed electrical capacity of the packaging machine and operating hours, and no
other environmental impact is considered for the packaging stage. The amount of packaging
waste created during production process and by returned milk products is only approximately 0,1
g per each kg of milk, and therefore is omitted from the calculations of environmental impact. It
was impossible to obtain accurate data about distribution stage of life cycle, i.e. distances covered
by each transportation type, and therefore simplified calculations were made. Delivery of milk
products to the wholesale storage in distance of 100 km by 40 t truck was considered in the
calculations. However, the actual environmental impact created in distribution stage of milk
products is considerably larger since the dairy uses also road transport with smaller carrying
capacity. Transportation packaging of milk products is plastic boxes with approximate mass of
150 g per each kg of milk. Three possible scenarios are used in calculations for the end-of-life
stage — all packaging waste is landfilled, or incinerated or recycled. Currently, all packaging is
landfilled; however, it is important to show by calculations and consider in the calculation
formulas also solutions that could potentially considerably reduce environmental impact. The
average distance for transportation of packaging waste is assumed to be 50 km, and road
transport with 16 t carrying capacity is used for the transportation.

If there are n elements in the packaging, then the environmental impact of the production and
processing stage of the packaging material can be calculated as follows:

n
d
E]prod = ZMelemk (egzomk + egz(;rzc )’ (1)
k=1
where M,,, , —mass of the element £, calculated for 1 kg of milk [kg];
ee’;;fni — eco-indicator of production of the element k& [mpt/kg];
egg’nck — eco-indicator of processing of the element k [mpt/kg].

The general equation for calculation of the environmental impact of transportation of packaging
if # types of transport are used is the following:

El = En clemy Et L T (2)
T7.€7. >

ransp =1 1000 - !

where LE - transportation distance with type of transport i [km],

e; — Eco-indicator for transportation with transports i [mpt/tkm].
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The environmental impact of the milk packaging process caused by electricity consumption of
the packaging machine per package (and consequently, for 1 kg of milk if 1 1 volume packaging
is used) can be calculated as:

Epacke
El o =—24—, 3)
npack
where npack — NumMber of packages processed during the considered operating time period

of packaging machine [pcs];

E 5”61{ — electricity consumption of the packaging machine during the considered
operating time period [kWh];

e,, — eco-indicator of low voltage electricity [mpt/kWh].

The environmental impact created at the end-of-life stage can be calculated as follows:

n

EIEOL = zMelemk ) 4)
k=1
) L e’ .. L,e"
: xlamlf e +e:‘;:r:f +xincin Prvees +e(l;ecr;1n +xrec v +e:leecm
1000 * 1000 * 1000 *
where Xiands > Xincin» X e — fractions of landfilled, incinerated or recycled packaging

waste [range of values 0 -1];
L, df > L,. . L, —transportation distances to sites of landfill, incineration and
recycling [km];

tr tr t
elandf > Cincins Cree™

incineration and recycling [mpt/tkm];

eco-indicators of transportation to sites of landfill,

landf incin rec
elemy, > eelemk ’ eelemk

the considered element [mpt/kg].

e — eco-indicators of landfill, incineration and recycling of

The total environmental impact of the life cycle of packaging per 1 kg of milk E/,,,, is calculated
by the sum of the environmental impacts estimated by equations (1) to (4).

Results of calculations of environmental impact

Results of the calculation of environmental impact at different life cycle stages (Fig. 2.) show that
studied packaging is a material-intensive product. The life cycle stage “transport A” represents
transportation of the packaging material from the company “TetraPak” to the dairy plant, but
“transport B” — distribution of milk products to wholesale storage.
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Figure 2. Results of calculations of environmental impact created at various life cycle stages of 1
1 “tetrapak” milk packaging, obtained by using data of the studied dairy plant

Since the “tetrapak” packaging is a material-intensive product, and two main elements of the
“tetrapak”™ packaging are cardboard (paper board) and polyethylene (PE), it is useful to obtain
extent of change of the total environmental impact if the mass of cardboard M., and the mass
of PE Mpg changes by 1 unit. That can be determined from partial derivatives of equation for
calculation of the total environmental impact which for the studied case are the following:

5(E] total) prod + eProc 4
cardb cardb

a(M cardb )
1
transpA _transpA transpA transpA transpB transpB EoL _FEoL ]
+ 1 000 [ road road + Lwater water + Lroad road + Lroad road +
landf mcm rec
+ xlandf € ardb T X, incin€cardb + XrecCcardb > (5)
a(E[ total) ggod + eproc +
a(M PE )
+ 1 [ transpA _transpA LtranspA transpA LtranspB transpB LEOL EoL ] +
1000 road road water “~water road  €road road €road
+ landf + incin + rec 6
'xlandf €p Xincin€ PE Xrec€PE » ( )
t A t B . . . .
where erf ;’;p erf ;’;p - transportation distance covered by road transport in life cycle

stages ,.transport A” and ,,transport B” respectively;
Li;‘;;’;fA Transportation distance covered by water transport in life cycle stage

Ltransport A”;
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Lf;fd- transportation distances to sites of landfill, incineration and recycling,

which is assumed to be the same regardless of end-of-life scenario, and it is
covered by road transportation in all cases;

transpA _transpB L T
erfﬂ;p , erfﬂ;p - eco-indicators of transportation in life cycle stages ,,transport

A” and ,transport B” respectively;

ei:j:’;f 4 _ Eco-indicator of transportation in life cycle stage ,,transport A”;

efZZ- Eco-indicator of transportation to sites of landfill, incineration and

recycling.

Then, extent of changes of the total environmental impact if mass of cardboard M,,4 and mass
of PE Mpp changes by 1 unit, assuming that all packaging is landfilled at the end-of-life stage
(this end-of-life scenario corresponds to the existing situation), for the studied case are the

following:

a(E[t 1 l) ]

A:85,9 /k f an f’—_l; incin = Xrec=0
p ( cam,b) [mpt/kg] if Xjnq X X
a(EIt |1 l) 1

¢:348 4 /k f an f_l; incin — recZO
8( PE) 4 [mpt/kg] if X144 X X

Figure 3 represents results of calculation of environmental impact per 1 kg of milk created during
the production of packaging with various volumes which are currently used for milk packaging

by the studied dairy plant.

.

Elyroa (mpt)

0,5 litre 1 litre 1,5 litre
type of packaging

Figure 3. Comparison of environmental impact of production stage of life cycle for milk
packaging with different volumes
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It can be seen from the results of calculations (Fig. 3.), that 1 1 packaging has by 20% lower
environmental impact per 1 kg of product then 0,5 I packaging and by 17% lower environmental
impact then 1,5 1 packaging during production stage of packaging alone. The reason behind larger
environmental impact for 1,5 | packaging relative to 1 1 packaging, is that the 1,5 I packaging
uses thicker and stronger paperboard walls.

For convenience of users, the dairy plant plans to introduce plastic screw cap to the package.
Calculations of environmental impact per 1 kg of milk created during the production of
packaging with and without plastic screw cap revealed that adding the plastic screw cap to the
package, increases the environmental impact by approximately 37% in the production stage of
life cycle alone. If other stages of life cycle are considered then this increase is even larger. In
addition, the plastic screw cap reduces uniformity of the package and therefore hampers recycling
of it. Ecodesign solution would be to use the same material for the cap as is used for the package
itself, so that the cap would not have to be separated prior to recycling.

Conclusions

Studies of environmental impact created at various stages of life cycle of “tetrapak” milk
packaging for the case of the dairy plant JSC “Valmieras Piens” in Latvia reveals that the largest
impact per 1 kg of milk originates in the production phase of the packaging itself. Transportation
during the distribution of milk products for sale causes by 14% larger environmental impact than
the transportation of packaging material to the dairy plant, considering the assumptions used in
the calculations. If more accurate data about transportation of milk products would be available,
especially regarding delivery with trucks of lower carrying capacity, the difference between the
environmental impact of life cycle stages “transport A” and “transport B” would, most likely, be
even larger. The environmental impact of the handling of packaging and the packaging process
within the plant creates a relatively small environmental impact. This leads to the conclusion that
the dairy plant has to be very cautious to the changes in design of packaging which may be
requested to producer of the packaging, and which would result in an increase in the amount or
types of used materials. Calculations of the environmental impact show that adding a plastic
screw cap to the package increases the environmental impact of the production stage of the
packaging by approximately 37%. There are certainly possibilities to optimise logistics of
transportation both of packaging material itself and milk products to obtain reduction of
environmental impact, especially in the distribution stage of the life cycle. It was also found in
the work that 1 1 packaging has by 20% lower environmental impact per 1 kg of milk product
then 0,5 1 packaging and by 17% lower impact then 1,5 1 packaging during production stage of
packaging alone. The results of the environmental impact calculations show that the total
environmental impact of the life cycle of 1 | packaging per 1 kg of milk could be reduced by 33%
if recycling instead of currently used landfilling would be the end-of-life scenario for the
packaging.

References

1. Goedkoop M., Effting S., Colligon M. The Eco-indicator 99. A damage oriented method for
Life Cycle Impact Assessment. Second Edition — 17 April 2000

2. ,,Evolution of milk packaging in Ontario from 1968-1995”, Environment and Plastics Institute
of Canada and Ontario Ministry of Agricultural and Food, 35 p

75



Cunéule D., Bazbauers G. Piena iepakojuma dzives cikla ekodizaina analize.

Darba veikts piena iepakojumu aprites cikla ietekmes uz vidi novertejums ar ekoindikatoru metodi ,,The Eco-
indicator 99”. Aprites cikla ietekmes uz vidi aprékini veikti, pamatojoties uz datiem, kas iegiiti, pateicoties
sadarbibai ar piena kombinatu a/s “Valmieras Piens”. letekmes uz vidi analize veikta Sobrid visvairak izmantotajam
piena iepakojuma veidam — uzpémuma “TetraPak” razotajam 1 [ ietilpibas “TetraBrik Baseline” iepakojumam.
Darba gaita izveidotas aprékina izteiksmes, kas [auj noteikt ietekmes uz vidi izmainas aplitkota iepakojuma aprites
cikla posmos, ja mainas kadi no vidi ietekméjosajiem faktoriem. Aprékinu rezultati parada, ka vislielaka ietekme uz
vidi tiek radita pasa iepakojuma razosanas procesa. Gatavas produkcijas transportésanas posma raditd ietekme uz
vidi ir par 14% lielaka neka iepakojuma piegades posma piena kombinatam atbilstoSi esoSajiem pienémumiem.
lepakojuma uzglabasanas, parvietosanas un piena pakosanas procesa radita ietekme uz vidi ir salidzinosi neliela.
lepakojuma kopéjo ietekmi uz vidi bitu iespéjams samazinat par aptuveni 33%, ja izlietotais iepakojums tiktu
regenerets, nevis noglabats atkritumu izgaztuve, ka tas notiek Sobrid. letekmes uz vidi aprékini parada, ka 0,5 1
tetrapaka rada aptuveni par 20% lielaku ietekmi uz vidi neka 1 | iepakojums, rékinot uz 1 kg piena, bet 1,5 |
iepakojuma gadijuma $i atskiriba ir 17%, aplikojot tikai pasa iepakojuma razosanas aprites cikla posmu.
Skritvejama plastmasas korkisa pievienoSana iepakojumam palielina ta ietekmi uz vidi iepakojuma raZosSanas aprites
cikla posmd vien par aptuveni 37%.

Cunéule D., Bazbauers G., Ecodesign analysis of milk packaging life cycle.

The presented work applies ecodesign tool - eco-indicators from ,,The Ecoindicator 99" methodology to assess
environmental impact of milk packaging life cycle. Calculations of environmental impact were done based on
cooperation with the dairy plant JSC “Valmieras Piens.” Assesment of environmental impact is performed for the
type of packaging which is currently used most by the enterprise — 1 litre “TetraBrik Baseline” produced by the
company “TetraPak.” Calculation formulas which allow calculating changes of environmental impact at various
stages of life cycle if some of the environmental impact factors are changed are developed in result of the present
work. Results of calculations reveal that production process of studied packaging creates the largest environmental
impact. During transportation of milk products at distribution stage of life cycle the environmental impact is by 14%
larger then during transportation of the packaging material to the dairy plant from “TetraPak” considering the
assumptions used for calculations. Environmental impact caused during storage, handling and milk packaging
process is relatively small. It would be possible to reduce total environmental impact by approximately 33% if
packaging waste would be recycled instead of currently used landfill end-of-life scenario. Calculations of
environmental impact of packaging production stage of life cycle show that 0,5 [ packaging creates by approximately
20% larger impact per 1 kg of milk than 1 | packaging but in case of 1,5 | packaging this difference reduces to 17%.
Modification of design of packaging by adding plastic screw cap increases environmental impact by approximately
37%.

Yynuyyne /1., Basicoayip I., Ananu3z 3koou3aiuHa #cu3HeHHo20 YuK1a YRAKOBKU MOIOKA.

B pabome npoussedena oyenka IusIHUSL HCUSHEHHO20 YUKLA YNAKOBKU MOIOKA HA OKPYICAIOWYIO CPEDY C HOMOWBIO
9KO-UHOUKamopos memooa ,, The Eco-indicator 99”. Pacuembvl 61usHusl JCUSHEHHO20 YUKIA YNAKOBKU MOJIOKA HA
OKPYIAHCAIOWYIO CPedy COENAHHbL HA OCHOBE OAHHBIX, KOMOPbIE NOLYUEeHHbl 01a200aps cOMPYOHUYECMBY ¢ MOJOYHBIM
kombunamom a/o “Valmieras Piens”. Oyenxa 6nusiHUS HA OKPYJICAOWYIO Ccpedy NpouszseoeHa Oisi 6 OAHHOM
MoMeHme HaubobuLe UCNOIb308AHHO20 Muna ynakosku moiaoka - “TetraBrik Baseline” obvema 1 1 npouzeoocmea
npeonpusimus  “TetraPak”. B pabome evisedeHvl Gopmyavl pacuema, nO380sAIOWUE ONPeOeiumb USMEHEHUs.
BNUAHUSL HA OKPYIAHCAIOWYIO Cpedy, KOMOpoe CO30Aémcs HAd PA3HBIX CMYNEHAX JHCUSHEHHO20 YUKAA YNAKOBKU, eCcu
MEHSIIOMCsL HEKOMOpble U3 NAPAMEMPO8 GIUSHUSL HA OKPYAHCaowyio cpedy. Pe3yibmamel ananiusza nokaswleaiom, 4mo
HauboIbUlee BIUSIHUE HA OKPYICAIOWYIO Cpedy y NPOU3B0OCHEA CaMoll YNaKosKu. Biuusnue Ha oxkpysjcaiouyto cpedy
C030aHHOE 6 HMmane MpaHCROPMUPOSKU 20mosotl npodykyuu na 14% 6oavuie wem @ smane nOCMAGKU YNAKOBOUHO20
Mamepuana MOIOYHOMY KOMOUHANMY YYUMbLEAs. CYUecmayloujie npeononoxcetus. Xpanenue u mpaHcnopmuposka
VRAKOBKU 6 Npedeiax MONOYHO20 KOMOUHAMA, 4 MAKdCe Npoyecc NAKOGKU MOJLOKA CO30aiom CPAGHUMENbHO
HebONbUloe OYenKa GausiHue Ha OKpyscarouyio cpedy. Obujee rusiHUE HCUHEHHO20 YUKILA YRAKOBKU MOJIOKA HA
OKPYIHCAIOWYIO CPEdy MOJCHO ObLIO Obl yMeHbuums Ha npumepro 33% eciu UCHONbL30BAHHAS YNAKOBKA ObLIO Obl
peceHepuposanHa Hedcenu 3axXapaneHa Ha C8aKe, KaK Mo Npoucxooum ¢ 0aHHOM momenme. Pacuemol enusanus na
OKPYIHCAIOWYIO CPedY NOKA3LIBAIOM, MO GIUAHUE HA OKPYICAIOWYIO cpedy CO30aHHOe Ynaxkoekou obwvema 0,5 1,
paccuumannoe Ha 1 ke monoka, Ha npumepro 20% boavwe wem ynaxogxou obvema 1 1. B cnyuae ucnonvzosanue
ynakogku obvema 1,5 n, pasnuya ymenvwaemcs Ha 17%. B O0anublX pacuemax paccmampusancs moabKo Man
npou3800Ccme0  camoil  ynaxkoeku. Jusaun ynakoeku ¢ NIACMUKOGOU NpOOKOU yeeauuuedaem 6nusHue Hd
OKpYAHCcalowyio cpedy co30anHoe Ha npumepHo 37% ecau paccmampugaemcs moybKo dman npou3e00Ccmseo camou
VRAKOBKU.
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