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Single-use vs. reusable packaging
in e-commerce: comparing carbon footprints and
identifying break-even points

The market share of online retail has continued to grow over the past few years, most recently accelerated by the
COVID-19 pandemic. Individual shipments give rise to additional shipping packaging. Our carbon footprint comparison shows
that reusable packaging is environmentally advantageous if it is reused often enough. To achieve this, however,

political and economic incentives seem necessary.
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Abstract

In Germany, the revenue of e-commerce amounted to over 68 billion
euros in 2018 with over two billion shipments being delivered. Up to

30 percent of online retail’s carbon footprint comes from the use of
shipping packaging. Reusable packaging could make a significant
contribution to resource savings and waste avoidance. Few valid findings
exist as to the environmental performance of reusable packaging
systems in online retail. It is also difficult to ascertain which factors

influence these results most (such as material, weight, number of cycles).

Against this backdrop, we examined two types of reusable shipping
packaging in terms of their CO,,q emissions: a reusable PP box and a
reusable shipping bag. Both were then compared with single-use alter-
natives. Compared to a single-use LDPE bag, the reusable shipping bag
offered an environmental advantage after a few cycles, with the absolute
carbon footprint of both bags depending on whether recycled material
was used. For the reusable PP box, the break-even point was between
32 and 81 cycles, depending on which assumptions were made.

For a broader application of reusable shipping packaging, further
challenges arise, such as the cost-efficient design of return logistics

or the optimization of the packaging design.
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E-commerce gives rise to additional packaging

In Germany, the revenue of online retail (e-commerce) amount-
ed to 68.1 billion euros in 2018, with constant but slightly declin-
ing growth (BEVH 2019). The share of total retail sales generat-
ed online also shows steady growth and amounted to 10.8 percent
in 2018 (compared to 7.8 percent in 2014); for the non-food sec-
tor it was around 15 percent (HDE 2019). This results in signifi-
cantly increasing deliveries via courier, express and parcel servic-
es: from 2014 to 2018 the number of consignments in this sector
increased by 740 million to over 3.5 billion, which represents a
growth of 27 percent (BIEK 2019).

With 31 percent of their total trading volume, electrical and
electronic products are particularly frequently ordered online, fol-
lowed by clothing (fashion and accessories) and books (27.7 per-
cent each) (HDE 2019). Clothing (19 percent) and electronic goods
(18 percent) also account for the largest shares of all online sales.

Further significant growth in online shopping — in Germany,
where online transactions have been increased by 60 percent in
April 2020 compared to the previous year, as well as in other coun-
tries — can be observed as a result of the coronavirus pandemic
(EY and WI 2020, McKinsey 2020).

Environmental impacts arise along the process chain of online
retail; that s, in the processes of ordering, (shipping) packaging,
storage and commissioning, distribution, and transport (includ-
ing last mile and delivery to the customer). The contribution of
each process may vary significantly depending on the product and
number of products per purchase, the shipping packaging, the
size of the online retailer and the organisation of the logistical pro-
cesses, the delivery (especially on the last mile), and other charac-
teristics of the individual online purchase.

A broad review of studies (Wiese 2013, DCTT 2015, Edwards
etal. 2011, Edwards et al. 2010, Olah et al. 2019, Hischier 2018,
van Loon et al. 2015, Mangiaracina et al. 2015, Gombiner 2011,
Kahlenborn et al. 2018, Mottschall 2015, Weber et al. 2008) look-
ing into the environmental impacts of a variety of online purchas-
es as well as publications from online retailers (Zalando 2019, Otto
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Group 2019, Tchibo 2016) provides some orientation regarding
the contribution of the individual elements to the total online-re-
tail related COz¢q (CO; equivalents) emissions which can be con-
sidered representative for the majority of cases:

B order/IT-related emissions: << one percent to ten percent
(van Loon et al. 2015, Mottschall 2015, Gombiner 2011,
Kahlenborn et al. 2018),

®  shipping packaging: five percent to 30 percent (Weber et al.
2008, van Loon et al. 2015),

®m  warehouses and distribution centres: four percent to
15 percent (Otto Group 2019, Tchibo 2016, Zalando 2019,
Mangiaracina et al. 2015, Olah et al. 2019),

® transports to the destination parcel centre: five percent to
20 percent (Edwards et al. 2011, Edwards et al. 2010, Wiese
2013, DCTI 2015, Mangiaracina et al. 2015, Olah et al. 2019),

B [ast mile: ten percent to 40 percent (Edwards et al. 2011,
Edwards et al. 2010, Wiese 2013, DCTT 2015, Mangiaracina
et al. 2015, Olah et al. 2019).

This review shows that the contribution of shipping packaging,
which is used additionally in e-commerce compared to stationary
trade, to the total (online) trade-related CO;¢q emissions can vary
greatly from case to case, but in many cases accounts for a share
of about ten to 30 percent. The indication of an average share of
packaging in the total emissions is hardly possible on the basis
of available data and would also be somewhat meaningless due
to the diversity of cases. For example, if ten pairs of socks were
supplied in a plastic bag of an appropriate size, the packaging-
related emissions share would normally be at the lower end of the
range given, whereas if a memory stick was packed in a somewhat
oversized cardboard box with additional filling material, this case
would be at the upper end of the range given. Irrespective of this,
the additional shipping packaging used in online retailing results
in considerable resource consumption and waste. The total amount
of shipping packaging used in Germany in online retail (“classic”
e-commerce and private online sales; including letter service) in
2018 can be estimated at around 830,000 tons of paper and board
packaging and 34,000 tons of light packagings (Reitz 2020) which
roughly corresponds to 25 million filled
240-litre waste bins.

The reuse of products or packaging
makes more efficient use of the environ-
mental resources used in their manufac-
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evance of package design, transport distance and numbers of
cycles are barely available.

Against this background, we carried out a comparative analy-
sis of CO2¢q emissions from the use of single-use and reusable
shipping packagings. For this purpose, different single-use ship-
ping packagings were compared with suitable reusable alterna-
tives. The modelling of the reusable packagings is based on two
currently available systems that are already in use in a small scale.

Comparing shipping packaging options: model
and approach

For the comparison of the different shipping packages, the rele-
vant processes of single-use and reusable packaging systems were
identified and used to model and calculate the CO2q emissions.
Based on this, a comparative analysis was carried out.

The modelling and the derivation of appropriate assumptions
were carried out in coordination with the actors involved in online
retail, logistics and packaging production. Supplementary data for
the production of the various materials, as well as for energy and
transport activities, were taken from life-cycle assessment data-
bases and from studies by various associations.

Figure 1 (p.178) shows the system boundaries for the reusable
packaging system. The processes considered can be divided into
manufacturing and reprocessing, transport processes and end-of-
life (EoL) treatment. As shown in table 1, the system boundaries
for modelling the single-use packaging system differ from figure
1 insofar as no pool management of the packaging with the cor-
responding transports takes place, but the packaging is always sent
to an EoL treatment after it has reached the customer.

For the basic processes such as the provision of fossil fuels and
electricity, water supply, transport and disposal by thermal recy-
cling, as well as for the production of packaging, data from vari-
ous sources were used, most of which relate to the study area of
Germany or have a close technological connection to the exam-
ined system (Umweltbundesamt 20194, b, 2015, Keith 2010, Pro
Carton 2019, EPA 2015, Franklin Associates 2018).

TABLE 1: Considered processes for single-use and reusable packaging systems.

SINGLE-USE PACKAGING SYSTEM REAUSABLE PACKAGING SYSTEM

production of packaging

ture (Jepsen et al. 2016, Cooper and Gut-

provision and production of basic and auxiliary materials and material resources such as water

owski 2017, Jepsen et al. 2019). This is con-

distribution of the packaging from the manufacturer to the goods distribution centre/warehouse

firmed by existing life-cycle assessment
studies specifically for packaging systems
(other than shipping packaging), provid-

transport of the packaging from goods distribution centre/warehouse to the customer including

the last mile with smaller transport vehicles

ed that a certain number of use cycles is

provision of energy sources such as crude oil, natural gas, coal or electricity etc.

achieved (Wood and Sturges of Edge 2010,
Franklin Associates 2017, Raugei et al.

2009). However, up to now, there have been

N/A return of the packaging to the reprocessing
facility (pool management)
N/A reprocessing of the returned packaging

hardly any studies specifically for shipping
packaging and findings on the specific rel-

end-of-life treatment of disposed packaging
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Emissions from packaging production can vary significantly
depending on the material quality and type (material /polymer type,
film or rigid material, primary or recycled material, food contact
quality). The possible ranges from different data sources for the
production-related CO;¢q emissions of polystyrene (PS), polypro-
pylene (PP), polyethylene terephthalate (PET), polyethylene (PE)
and linear low, low and high density polyethylene (LLDPE, LDPE,
HDPE) are shown in figure 2 (Pro Carton 2019, Keith 2010, Plas-
tics Europe 2005, EPA 2015, Umweltbundesamt 2015, Franklin
Associates 2017, 2018). With regard to the figure, it should be not-
ed that flexible (disposable) plastic shipping packaging usually
weighs between 20 and 30 grams, while cardboard boxes weigh
between 50 and 430 grams, depending on their size.

In addition to the possible effects from using different data sets
for the respective polymers, the results of the environmental as-
sessment depend on a number of central parameters. In the fol-
lowing, the central model parameters are briefly explained and
their influence on the overall model is described.

Within a reusable system, the rejects, namely, the quantity of
reusable packaging that is not kept in the cycle but leaves it as
waste, determine the number of cycles that a single reusable pack-
aging can achieve on average. In the event of a high level of rejects,
for example, because the reusable packaging is not returned by
the customer but is disposed of, the individual packaging achieves
on average only a few cycles before it has to be replaced by a new
one in order to keep the total quantity in the packaging pool con-
stant. The assumed reject rate is therefore decisive for the average
number of cycles of each reusable packaging and thus determines
to a large extent the functioning of the reusable system, its resource

(reprocessing
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consumption and environmental balance. For the rejects, two pos-
sible levers were used in the model: the rejects from the custom-
er, through incorrect or careless disposal of the reusable packag-
ing instead of return shipment, and the rejects of defective reus-
able packaging during reprocessing.

In the context of recycling, there is often a reference to recy-
cling quotas or rates, as well as collection rates. In our model
these terms are used as following:
® separate collection rate: the share of total packaging material
that is collected as input to the recycling process;
recycling rate: the share of total packaging material that is
recovered as output of the recycling process in the form of
recyclate (taking into account material losses during the
recycling process).

Capacity utilisation of transport vehicles is another lever for the
environmental balance of transport processes. If the vehicles are
not fully utilised, the environmental balance of the individual
transport processes deteriorates. This can be set separately in the
model for each of the transport processes, from packaging pro-
duction to dispatch to the customer and back to recycling.

In theory, complete utilisation of the transport vehicles can
never be achieved mathematically, as part of the route is always
covered without load. For example, during transport to the cus-
tomer, the transport vehicle continuously becomes emptier as the
number of packages delivered increases. Thus, the calculation of
the average capacity utilisation results in a maximum of 50 per-
cent capacity utilisation for the transport process, assuming that it
departs from the parcel centre at full capacity and returns empty.

FIGURE 1:
Schematic illustration
of the system
boundaries for the
reusable packaging
system.

F& M: fabrication
and manufacturing,
EOL: end of life.
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FIGURE 2: Ranges of CO3eq emissions from material production
and packaging fabrication and manufacturing. PS: polystyrene,

PP: polypropylene, PET: polyethylene terephthalate, PE: polyethylene,
LLD: linear low density, LD: low density, HD: high density.

Based on the statistics of the German Federal Motor Transport
Authority on the transport of German heavy-duty vehicles in De-
cember 2018 for all tours (with and without load), the average util-
isation rate of the transport performance ranges from 28.5 percent
for 3.5-ton delivery trucks to 41.5 percent for 40-ton lorries (KBA
2018).

Analysing different types of reusable packaging

Two different types of reusable shipping packaging were exam-
ined, with their weights and material composition based on re-
usable packaging available on the market and used in practice.
One is a hard plastic (PP) returnable box, the other is a plastic (PP)
shipping bag.

A plastic box can be used instead of a cardboard single-use box
and has an increased protective function. The Memo Box, a reus-
able box used by a German online retailer as an alternative ship-
ping packaging, serves as a model for the type of material and
weight. It is made of polypropylene and weighs 1.7 kilograms. For
the return shipment, the box is handed in at a parcel store.

The reusable shipping bag examined is
a polypropylene bag weighing 0.118 kilo-
grams. The modelling here is also based

RESEARCH

Germany, and, in case of the box, on the distance from a place in
southern Germany (location of the Memo reprocessing facility),
the transports distances are based on the study by DCTI (2015) and
can be considered representative for the situation in Germany.

For both packagings, as no primary data on material and pack-
aging production has been available, calculations with three dif-
ferent emission factors were carried out as part of a sensitivity
analysis (Keith 2010, Plastics Europe 2005, EPA 2015).

Results: re-usable plastic box

The greenhouse gas emissions (in COaeq) per (use) cycle for dif-
ferent numbers of use cycles achieved on average per packaging
are shown graphically in figure 3. The average number of use cy-
cles is defined by the average number of deliveries to the custom-
er realized per shipping packaging and the associated processes.

The reduction of emissions per cycle — due to the fact that the
emissions associated with the manufacture of the packaging are
distributed over the number of uses of the packaging — is clearly
evident.

On the other hand, the relevance of emissions associated with
transport and reprocessing increases at a higher number of cycles.
Furthermore, displayed as a min-max range, the graph shows the
influence of the selection of different emission factors for the pro-
duction of the plastic box on the total emissions.

If only one cycle is achieved, in the case that the packaging is
disposed of after a single shipment, a total of 6.8 kilograms CO2¢q
is generated for all processes from production to transport and dis-
posal. The sensitivity analysis showed a range of 3.3 kilograms
COz¢q (EPA 2015) to 8.1 kilograms CO2eq (Plastics Europe 2005).
Besides emphasising the importance of achieving a high number
of use cycles, this example shows the enormous impact the use of
different data sets for the production of the packaging can have
on the overall results. Especially for the comparison with other re-
usable or single-use shipping packaging, the selection of the ap-
propriate data basis, namely, a database that comes as close as pos-
sible to the specific product systems under consideration, is there-
fore important.

TABLE 2: Parameters in modelling re-usable packaging.

on reusable packaging that is actually avail- PARAMETER PLASTIC BOX PLASTIC BAG
able and used. Here — for modelling poly-  yeight 1700¢ 18g
mer type, weight and transport distances — .

material Polypropylene (PP) Polypropylene (PP
the RePack has been used, a reusable plas- YPropy (PP) ypropy (PP)
tic bag which is provided along with a low- transport to the goods distribution centre/warehouse 600km 2000km
threshold return logistic (the empty RePack  transport to the departure parcel centre 200km 200km
can be returned via any mailbox in the EU). transport to the destination parcel centre 50km 50km

The central parameters used in the mod- :
. . transport to the customer (last mile) 30km 30km

elling of both reusable packaging types are
summarized in table 2. With the exception return shipment to reprocessing 600km 2000km
of the transport to and from reprocessing  transport to disposal 40km 40km
which is based, in case of the plastic bag, transport reprocessing — incineration 100km 100 km
on the distance of Tallinn (location of Re- —————

transport recycling — incineration 100km 100 km

Pack reprocessing facility) to Frankfurt,

GAIA 29/3 (2020): 176-183
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Comparison of the reusable PP box with
----  single-use cartons

- For the comparison of reusable shipping
boxes and single-use cartons, the reusable
PP box with a volume of 14 litres and a
weight of 1700 grams has been compared
to a single-use cardboard box, also with a
volume of 14 litres and with a weight of 180
grams. For the single-use system, the same
transport distances were assumed except

for the transport processes of the return

5 10 20
number of cycles

FIGURE 3: Emissions per cycle depending on the number of cycles achieved for a polypropylene
(PP) box. The results vary with the emission factors used. F& M: fabrication and manufacturing.

Results: reusable plastic shipping bag

For the reusable plastic shipping bag, the greenhouse gas emis-
sions which are emitted per cycle for different numbers of cycles
achieved are shown in figure 4 along with the ranges of emissions
resulting from using different emission factors. As with the PP
box, the reduction of emissions per cycle is clearly evident.

If only one cycle is achieved, in the case the packaging is dis-
posed of after a single shipment, a total of 0.38 kilograms COz¢q
is generated for all processes from production to transport and
disposal. The use of alternative data for packaging production in
the sensitivity analysis results in a range of 0.29 kilograms CO;eq
(EPA 2015) to 0.6 kilograms CO2¢q (Plastics Europe 2005).

Due to the long distance to the reprocessing facility, the trans-
port of the shipping bag to the goods distribution centre of the
retail trade generates the largest emissions within the transport
processes. Transportation to the customer via the “last mile” is
also significant, as smaller 3.5-ton transport vehicles which have
significantly higher CO2¢q emissions per kilometre are used for
this transport process.

Comparing reusable and single-use packaging

Our question is under which conditions one or the other system
is environmentally advantageous. In order to make a realistic com-
parison between single-use and reusable packaging, packaging
with similar functions and performance must be compared. This
concerns in particular a comparable filling volume and product
protection.

For the comparison, different common single-use shipping
packagings were used with regard to weight, material and filling
volume. Shipping bags made of PP and LDPE film are usually used
for shipping clothing and are available in different sizes. If they
are replaced by reusable packaging, this can be done by a reusable
shipping bag. For goods with higher requirements regarding prod-
uct protection, usually (cardboard) boxes of different sizes are used.
These single-use shipping packages were compared with the reus-
able hard plastic (PP) box, which offers similar product protection.

shipment, which are not applicable here.

Figure 5 (p.182) shows the development
of the emissions per cycle over the number
of cycles achieved for the reusable box and
the number of shipments for the single-
use box. In the example shown here, the reusable PP box clos-
es the gap with the single-use carton once 81 cycles have been
completed and produces fewer emissions than a single-use car-
ton from the 8274 cycle onwards. If an emission factor for primary
material rather than for recycled cardboard is assumed for the pro-
duction of the single-use carton, the reusable PP box reaches a
comparable level with the single-use carton after 61 cycles.

For the single-use carton, the same emissions from produc-
tion, transport and disposal are generated for each shipment. For
the reusable PP box, on the other hand, the total amount of emis-
sions is calculated over several cycles from the emissions that oc-
cur one-time during the production, transport and disposal of the
packaging for the first shipment. The emissions for each further
shipment of the box result exclusively from the transport and
reprocessing processes under the assumption that no rejects oc-
cur and that the same box is reprocessed and reshipped repeat-
edly.

In order to examine the effects of the use of recycled plastic in
the manufacture of the reusable PP box on total emissions, a fur-
ther scenario was calculated. The use of recycled PP reduces the
number of required cycles down to the break-even point of 32
cycles.

Comparison of the reusable shipping bag with single-use
shipping packaging

For the comparison of the reusable shipping bag and single-use
packagings, a reusable polypropylene film bag with a volume of
21 litres and a weight of 118 grams has been compared to a sin-
gle-use carton with a volume of 21 litres and a weight of 180
grams and a single-use LDPE shipping bag weighing 30 grams
as well as the same shipping bag made of 80 percent post-con-
sumer recycling material (PCR) reflecting available single-use
shipping bags which fulfil the Blue Angel ecolabel (Blauer Engel)
requirements.

As shown in figure 6 (p. 182), compared to the carton, the reus-
able shipping bag performs better from the very first shipment.
This is in particular due to the weight of the carton of 180 grams
compared to the reusable shipping bag’s weight of only 118 grams

GAIA 29/3 (2020): 176183
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reusable systems into question. Rather,
it means that the reusable packaging sys-
tem must be designed in a way ensuring
a respective number of use cycles. A re-
usable shipping packaging system that
does not achieve a sufficient number of
cycles per packaging can mean addition-
al environmental impacts compared to a
single-use alternative. Also, for the con-
sideration of real-life cases, primary data
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FIGURE 4: Emissions per cycle depending on the number of cycles achieved for a polypropylene (PP)
shipping bag. The results vary with the emission factors used. F& M: fabrication and manufacturing.

and the associated higher production and transport emissions.
Compared with a single-use LDPE shipping bag weighing 30
grams, the reusable bag achieves the same emissions per cycle
as the single-use bag after about eight cycles, the reusable bag
made from 100 percent PCR from about three cycles on. Com-
pared to the LDPE shipping bag made from 80 percent PCR, the
reusable bag has lower emissions from the 20t cycle on, the re-
usable bag made from PCR from about five cycles on.

should be used wherever possible in or-
der to obtain precise results.

Further improvements in the reusable
system — as shown in particular by the ex-
ample of the hard plastic box - lie in the
choice of materials. For example, a rele-
vant improvement in environmental performance can be achieved
Dby using recycled plastics. Also, weight reduction can improve the
environmental performance of reusable packaging. Factors such
as the capacity utilization of transport processes and transport dis-
tances are less decisive; however, the environmental performance
of reusable systems can also be significantly improved through
transport optimizations, particularly for packaging systems achiev-
ing cycle numbers in the higher two-digit range or even more.

So far, there is no reusable packaging system available for e-commerce that is

less expensive than single-use options. In addition to the cost-effective design of return
logistics and the use of possible incentive or deposit systems, different approaches to
standardising and pooling reusable packaging should also be investigated.

Conclusion: the number of reuse cycles is
decisive

In accordance with studies on reusable packaging systems outside
the e-commerce sector, the comparative analysis of single-use and
reusable shipping packaging systems has shown that the reusable
systems are environmentally advantageous, provided that a cer-
tain number of cycles is achieved. Depending on the specific in-
dividual case, the accomplishable break-even point can be in the
low single-digit range, as in the case of the reusable shipping bag
examined here, but in other cases, it can be significantly higher,
as in the case of the examined reusable PP box. If optimized sin-
gle-use packaging is used — for example, LDPE shipping bags made
from 80 percent PCR —, this also increases the environmental
break-even point for reusable packaging. On the other hand, us-
ing PCR for the reusable bag as well would improve its environ-
mental performance to a comparable extent, thus re-lowering the
break-even point. Depending on the data basis used for emissions
from packaging production and transport, the results may vary.
Nevertheless, this does not call the environmental advantages of

GAIA 29/3 (2020): 176-183

From a more technical packaging perspective, realizing a re-
spective number of use cycles is not a problem. The RePack, for
example, is designed to last at least 20 cycles, which is well above
the identified break-even points. The reusable hard plastic box
Memo Box is designed to realize over 100 use cycles. Experiences
made since the introduction of the Memo Box in 2009 show that
in fact over 100 use cycles are realized.

Despite the technical feasibility of achieving certain numbers
of use cycles for reusable packaging and the positive example of
the Memo Box, in practice there are potential challenges. Most
market players who gathered first-hand experiences in using re-
usable packaging in e-commerce identified the customer as the
crucial point: returnable packaging systems can only be success-
ful if the return from the customer to the packaging pool is suc-
cessful. If “only” 70 percent of the reusable packaging is returned
by the customer, this results in on average less than three use cy-
cles per packaging. To achieve an average of eight or more use cy-
cles, the return rate has to be well above 90 percent. It is therefore
essential to design the system in a way that a high return rate is
achieved. So far, only very limited experiences exist in how this can
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FIGURE 5: Comparison of the greenhouse
gas emissions of a single-use carton with the
emissions caused by a reusable polypropylene
(PP) box and a reusable box made from

100 percent PCR (PP recyclate) per cycle

at different achieved cycle numbers.

100 200

number of cycles for reusable packaging/number of shipments for single-use packaging

emissions [kg COx)

1 2 3 4 5 10

FIGURE 6: Comparison
of greenhouse gas
emissions per cycle

for different packagings
and different achieved
cycle numbers.

PP: polypropylene, PCR:
post-consumer recyclate.

200

20 50 100

number of cycles for reusable packaging/number of shipments for single-use packaging

W reusable PP bag ~ Mreusable PP bag,

100 % PCR

be done. The Memo Box, as one of the few real-life examples that
can look back on a longer period of practical use, relies on a high
deposit of 20 euros and actually achieves return rates close to 100
percent, corresponding to numbers of cycles between 60 and 130.
However, such an approach is currently not considered to be fea-
sible for the majority of online retailers in view of the competitive
situation with high cost and price pressure. While using reusable
packaging can have a positive marketing effect, so far, there is no
reusable packaging system available which is not more costly than
single-use alternatives, regardless of the achieved number of use
cycles.

In addition to the cost-efficient design of return logistics and
the use of possible incentive or deposit systems, there are further
challenges for the players in e-commerce. Examples are the selec-
tion of the best-suitable packaging (required protective function,
branding options, compatibility with standardised logistics pro-
cesses, etc.) and the acceptance of possible additional costs (weigh-
ing up the costs and — potential marketing — benefits of a reusable
packaging system).

While at least some actors in online trade have started to gath-
er findings in this respect in pilot tests (see, e. g., Tchibo 2020),
very specific questions arise for future research.

First of all, the cost-efficient design of return logistics is a key
challenge that must be met if reusable systems are to be widely

W single-use carton

W single-use bag,
80% PCR

H single-use bag
used in online retailing. In this context, different approaches to
pooling reusable packaging should also be investigated. For a broad
pooling of reusable packaging it must also be clarified to what ex-
tent branding of the packaging is necessary and desired and to
what extent standardized packaging can be established for use by
a large number of actors.

In order to achieve a high return rate of packaging, an in-depth
analysis of stimulus systems and their effects as well as other pos-
sibilities for nudging is required. With regard to a supporting fram-
ing of reusable systems, possible legal measures and instruments
need to be examined as well.

This work is part of the project praxPACK and has been funded by the German
Ministry for Research and Education (BMBF; grant number 033R243A).
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