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OPTIMIZING THE DESIGN OF CARDBOARD
PACKAGING TO REDUCE MATERIAL
CONSUMPTION IN THE MANUFACTURING
PROCESS

OPTYMALIZACJA KONSTRUKCJI OPAKOWAN TEKTUROWYCH
W CELU REDUKCJI ZUZYCIA MATERIALU W PROCESIE PRODUKCJI

Summary: This article addresses the issue of optimizing the design of solid cardboard
packaging to minimize printing substrate consumption during the production process.
The study analyzed the impact of the structural grid shape and the imposition method
on the efficiency of printing sheet utilization, the reduction of material waste, and
production costs.

The research involved the preparation of several packaging design variants, the deve-
lopment of imposition layouts, and an analysis of their material efficiency. Particular
attention was given to the optimization of non-standard packaging shapes, which
resulted in a significant reduction in material waste.

The results showed that appropriate design modifications can more than double the
number of units per sheet and reduce waste by several dozen percent. Additionally, a
cost analysis confirmed the significant impact of optimization on lowering production
costs.

Keywords: cardboard packaging, optimization, imposition, material consumption,
production costs

Introduction

Packaging is an integral part of modern production and distri-
bution of goods [1-3]. In addition to its protective functions, it also
serves informational, logistical, and marketing purposes [4-7]. As
market demands increase, the complexity of packaging designs
rises, which often leads to higher production costs [8].

One of the key factors affecting the cost-effectiveness of print-
ing production is the consumption of the printing substrate, which
may account for as much as 50-60% of the total cost of packag-
ing production [9]. Both the structure of the packaging grid and its
arrangement on the printing sheet determine the amount of ma-
terial waste and, consequently, the overall production costs [10].

Streszczenie: W niniejszym artykule poruszono kwestie optymalizacji projektu
opakowan z tektury litej w celu zminimalizowania zuzycia podtoza drukarskiego
w procesie produkcyjnym. W ramach badania przeanalizowano wptyw ksztattu
siatki strukturalnej oraz metody rozktadu na efektywnos¢ wykorzystania arkuszy
drukarskich, ograniczenie ilosci odpadéw materiatowych oraz koszty produkcji.
Badania obejmowaty przygotowanie kilku wariantéw projektéw opakowarn, opra-
cowanie uktadéw rozktadu oraz analize efektywnosci wykorzystania materiatu.
Szczegdlng uwage poswiecono optymalizacji niestandardowych ksztattéw opa-
kowarn, co zaowocowato znacznym ograniczeniemilosci odpadéw materiatowych.
Wyniki wykazaty, ze odpowiednie modyfikacje projektu moga ponad dwukrotnie
zwiekszy¢ liczbe sztuk na arkuszu i zmniejszy¢ ilo$¢ odpadéw o kilkadziesiat
procent. Ponadto analiza kosztéw potwierdzita znaczgcy wptyw optymalizacji
na obnizenie kosztéw produkc;ji.

Stowa kluczowe: opakowania kartonowe, optymalizacja, impozycja, zuzycie
materiatu, koszty produkcji

The packaging layout is the two-dimensional development of the
package’s three-dimensional structure and has a direct impact on
the arrangement of individual print units on the printing sheet. An
incorrectly designed layout may result in large unused spaces be-
tween print units, resulting in significant material waste [11-12].

Imposition refers to the arrangement of print units on a print-
ing sheet in a manner that maximizes the use of the available sur-
face area. Both the number of the print units imposed on the sheet
and the spacing between them directly affect the percentage of
material waste [13-14].

The selection of an appropriate printing sheet format is cru-
cial for production efficiency. In some cases, using a substrate
cut to a specific size may further reduce material waste, particu-
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larly in high-volume production [15]. It should be noted, however,
that cutting sheets at the printing house constitutes an additional
production step, requiring time, labour, and the use of appropriate
technical resources. For this reason, ordering the substrate in the
required format directly from the paper manufacturer or distribu-
tor may be a more advantageous solution, as it reduces the num-
ber of production operations carried out in the print house.

Modifying the packaging structure makes it possible to place a
greater number of packaging units on a sheet of given dimensions
or to use the same imposition but on a smaller-format sheet [16].
The aim of this article is to analyze the impact of optimizing the
structural layout of solid board packaging on material utilization
efficiency and, consequently, on production costs.

Research Methodology
Design specifications
The structural packaging layouts were prepared using Esko

Artios CAD software. The designs took into account the type of
substrate intended for production — solid cardboard with a thick-
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ness of 450 pm and a grammage of 350 g/m2. The tests were
conducted assuming production on a full-format Heidelberg
Speedmaster CD102 printing press. For the imposition layouts,
the following margins were set: left — 10 mm, right — 10 mm, top —
10 mm, bottom (on the gripper side of the press) — 15 mm. A safe
spacing of 5 mm was adopted between the print units, conse-
quently, between the cutting knives in the die-cutting tool design.
The impositions for the designed structural grids were created on
a uniform sheet format — B1, measuring 1000 x 700 mm.

Packaging designs
and their folding grids selected for analysis

Four cuboid-shaped packaging designs were selected from
the ECMA catalogue of ready-made designs [17]. They were then
adjusted so that, after forming, the finished packages had identi-
cal external dimensions: length — 80 mm, width — 50 mm, and
height — 130 mm. The selected structures differed in the posi-
tion of the closing flaps and the method of bottom formation:
Design 1 — reverse tuck; Design 2 — straight tuck; Design 3 — au-
tomatic lock bottom; Design 4 — snap-lock bottom (Fig. 1). Next,
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Fig. 1. Structural grid (all dimensions are given in millimeters):
a) design 1 - reverse tuck, b) design 2 - straight tuck, c) design 3 — automatic lock bottom, d) design 4 — snap lock bottom [18]
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Fig. 2. Structural grid (all dimensions are given in millimeters) and appearance of the assembled package: a) design 5 — business card package with a cross-
shaped structural grid, b) design 6A — special packaging in the shape of star A, b) design 6B — special packaging in the shape of star B [18]
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Fig. 3. Imposition layout on a B1-format sheet (1000 x 700 mm):

a) design 1, b) design 2, ¢) design 3, d) design 4

a business card package was designed and produced (Design 5),
with a cross-shaped structural grid (Fig. 2a). The dimensions of
the finished package were as follows: length — 95 mm, width —
55 mm, and height — 55 mm. Additionally, two packaging de-
signs with an unusual three-dimensional form were prepared.
After assembly, they formed a star-shaped package: Designs 6A
and 6B (Figs. 2b and 2c). Both packages had similar dimensions
and were intended to contain the same product: 400 g of can-
dies. Design 6A was developed as a modification of Design 6B,
with the aim of obtaining a more economical imposition layout
and ensuring more efficient use of the printing substrate.

Scope of the research

The analysis was carried out for seven selected solid board
packaging designs. The research process involved:
development of structural grids (Figs. 1-2),
preparation of impositions on a B1 sheet format (1000 x
700 mm),
calculation of area utilisation and the percentage of
waste,
optimization of the selected designs,
re-analysis and simulation of production costs.

Research findings and their analysis
Standard designs

The analysis of four packaging designs selected from the
ECMA catalogue revealed a similar level of material utilisation
(Fig. 3). In all cases, nine print units could be arranged on a
B1-format sheet (1000 x 700 mm), while the material waste
amounted to approximately 33—-35% of the sheet area.

These results confirm the high efficiency of standard design
solutions.

Non-standard designs and their optimisation

In the case of the business card packaging design with a
cross-shaped structural grid, only four print units could be ar-
ranged on the sheet (Fig. 4a), and material waste amounted to
approximately 69.7%. Such a low level of material utilization indi-
cates the inefficiency of this design from a production standpoint.

It was therefore decided to optimize the structural grid. To
achieve the optimal shape of the cutout, the structure should be
as close to a rectangle as possible. For this purpose, the following
modifications were made to Design 5:

the side walls were aligned in a single line, and a single glue

flap was used;

the bottom design was changed to a snap lock bottom, which

made it possible to remove the additional inward-folding pan-

els. In the original layout grid, these panels formed long pro-
truding elements corresponding to the arms of the cross and
had a negative effect on the efficiency of the imposition.
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Fig. 4. Imposition layout on a B1-format sheet (1000 x 700 mm):
a) design 5, b) design 5 after optimisation, c) design 6A, d) design 6B

Following the design modification, the number of print units
per imposition was increased from four to nine (Fig. 4b), while
material waste was reduced from approximately 69.7% to 39.8%.

The analysis of the non-standard, star-shaped packages re-
vealed significant differences:

Design A: 6 print units in the imposition (Fig. 4c), with waste of

approximately 38.5%,

Design B: 4 print units in the imposition (Fig. 4d), with waste of

approximately 66%.

These results confirm that the geometry of the construc-
tion grid is one of the key factors affecting material utilization
efficiency.

Cost Analysis

The costs of the substrate required to print production runs
of 18,000, 36,000, and 144,000 packages were compared. These
quantities were increased by 500 sheets for the makeready of
the printing press, 50 sheets for setting up the die-cutting ma-
chine, and 50 print units for setting up the folder-gluer (excluding
designs that did not require gluing). For the sample print runs,

the number of sheets required to print all the analyzed packag-
ing designs was calculated both net and gross with the latter
including the technological allowance for the makeready of the
printing press and finishing machines. A simulation of the sub-
strate purchase costs was also prepared (Table 1). In the case of
the packaging selected from the ECMA library (designs 1-4), the
substrate costs required to print the assumed number of boxes
are the same for all selected designs. This is because, in each
of the analyzed impositions, nine print units can be optimally ar-
ranged on a B1-format sheet.

The non-optimized structure of Design 5 generated substrate
consumption costs that were up to twice as high as those of the
optimized business card package structure.

The imposition of the design with a cross-shaped structural
layout does not occupy the entire surface area of the B1 sheet.
In the case of Design 5, prior to optimization, the imposition of
four print units fits on a sheet measuring 920 x 660 mm. There-
fore, the cost of custom-sized sheets was additionally calculated
(Table 2). However, the minimum order quantity for a substrate
weighing 1 metric ton should consist of 4,706 sheets. The use of
substrate cut to the imposition dimensions reduces the substrate
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Table 1. Comparison of the number of sheets and the substrate costs required to print sample packaging print runs for various designs

Design Name Print Run Net number of sheets Gross number of sheets SEESLats CF:::‘T LETTES
18,000 2,000 2,556 2,692.28
Design 1-4 36,000 4,000 4,556 4,799.28
144,000 16,000 16,556 17,441.28
18,000 4,500 5,050 5,320.18
Design 5 36,000 9,000 9,550 10,060.93
144,000 36,000 36,550 38,505.43
18,000 2,000 2,556 2,692.28
Design 5 after optimization 36,000 4,000 4,556 4,799.28
144,000 16,000 16,556 17,441.28
18,000 3,000 3,550 3,739.93
Design 6A 36,000 6,000 6,550 6,900.43
144,000 24,000 24,550 25,863.43
18,000 4,500 5,063 3,806.13 (A1)
Design 6B 36,000 9,000 9,563 7,189.36 (A1)
144,000 36,000 36,563 27,488.74 (A1)
Table 2. Cost of substrate in special formats for projects with non-standard designs
Print Run Design 5 Design 6A Design 6B
920 x 660 mm [PLN] 830 x 700 mm [PLN] 800 x 500 mm [PLN]
18,000 5,076.36 3,414.55 3,352.39
36,000 9,599.85 6,300.09 6,332.29
144,000 36,740.78 23,613.31 24,211.69
a) o b) e

~—&— Design 6A - B1-format sheet
«+®-- Design 6A - sheet size 830x700 mm
= Design 6B - A1-format sheet

«+@-- Design 6B - sheet size 800x500 mm

—a— Design 5 before optimization - B1-format sheet
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Fig. 5. Comparison of substrate costs per package depending on production volume for standardized and custom-cut substrates:
a) for design 5, b) for designs 6A and 6B

cost by 4.6%. Similar calculations were performed for designs 6A 4,918 sheets (gross), while for the 800 x 500 mm substrate, it is
and 6B. The minimum quantity of non-standard substrate that 7,143 sheets (gross). This therefore applies to production runs
can be ordered (1 metric ton) for the 830 x 700 mm format is  exceeding 26,171 packages for Project 6A and at least 26,206
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packages for Project 6B. Using custom-cut substrate in produc-
tion reduces the cost of the substrate by 8.7% for Project 6A and
by 11.9% for Project 6B.

The costs of the substrate per non-standard package (manu-
factured according to designs 5 or 6A and 6B, respectively) were
also compared depending on the production volume for stan-
dardized and custom-cut substrates (Fig. 5).

The calculations shown in Fig. 5 indicate that as the order vol-
ume increases, the cost of the substrate per package decreases.
This is due to the distribution of fixed costs across a larger num-
ber of products.

For large production runs, it is also cost-effective to use cus-
tom-cut substrate. This allows for a reduction in material costs
by several to over a dozen percent, depending on the project.

Summary

The conducted research unequivocally confirms that pack-
aging design is one of the key factors determining the economics
of the production process. The geometry of the structural grid is
of particular importance, as it directly affects the arrangement
of print units on the printing sheet and, consequently, the level
of material utilization and the amount of waste generated. It has
been demonstrated that even minor modifications to the grid lay-
out can lead to a significant improvement in material efficiency,
reflected both in an increase in the number of print units per
sheet and a significant reduction in raw material waste.

At the same time, it should be emphasized that catalogue-
based designs, based on standards such as ECMA, are char-
acterized by a high degree of optimization resulting from their
long-term development and standardization, which translates
into stable and efficient use of the printing substrate. A different
situation applies to non-standard designs, especially those with
complex or irregular geometries, which — in the absence of prop-
eranalysis — can lead to significant material waste and increased
production costs. Therefore, it is essential to conduct a detailed
structural analysis and imposition process analysis as early as
the design stage, which allows for the identification of potential
inefficiencies and their elimination before production begins.

Optimization efforts during the design phase can be comple-
mented by selecting a special printing substrate format. The
analyses showed that using sheets with non-standard dimen-
sions, adjusted to specific impositions, may provide additional
economic benefits. Particularly in high-volume production,
reducing the unused area of the sheet makes it possible to de-
crease total substrate consumption and, consequently, reduce
material costs and the amount of paper waste generated.

Conclusions

Based on the research conducted, it was found that the de-
sign of the packaging grid has a key impact on the level of ma-
terial consumption during the production process. It was dem-
onstrated that appropriate structural optimization may lead to
a significant reduction in waste, reaching approximately 30% of

the sheet area. The number of print units that can be arranged
on a printing sheet is of particular importance for production ef-
ficiency, as it constitutes a fundamental parameter for assessing
the cost-effectiveness of the process.

The analysis also showed that standardized layouts, such as
those included in the ECMA catalogue, are highly optimized and
ensure relatively good substrate utilization. In contrast, non-stan-
dard designs, especially those with complex geometry, may lead
to a significant increase in material waste if they are not properly
analysed during the design stage.

Furthermore, it was found that the use of custom-cut sub-
strate serves as an additional tool for cost optimization, particu-
larly in high-volume production, where it enables further reduc-
tion in raw material consumption and improves the economic
efficiency of the process.
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