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Abstract: Most municipal solid waste (MSW) in Russia is disposed of in landfills, and only a rela-
tively small fraction is recycled. The landfilling of waste leads to greenhouse gas (GHG) emissions,
and air and groundwater pollution. However, recently, there have been some initiatives to improve
waste management in the country. We assessed the economic and environmental benefits of waste
recycling in the Murmansk region, in which a new waste recycling plant has been operating since
2019. We found that MSW recycling in the Murmansk region has induced a small, positive, job cre-
ation effect and could potentially lead to a non-negligible reduction in GHG emissions. Extrapolat-
ing the results from this case study to the country level, we found that recycling landfilled MSW in
Russia could save approximately 154 million tons of GHG emissions in carbon dioxide equivalents
annually, which is comparable to the total CO2 emissions from Algeria. The positive environmental
and health-related impacts from the extensive implementation of MSW recycling in the country
could be substantial. From this case study, we also learned that one of the biggest challenges for the
waste recycling company in the Murmansk region is finding profitable markets for recycled mate-
rials. Moreover, due to the high investment and operational costs, recycling MSW led to a substan-
tial increase in communal fees. However, there is potential to make waste recycling more cost effec-
tive. Most MSW in the Murmansk region is still separated at the recycling plant, while separating
waste at the source could substantially reduce operational costs. Other challenges in the large-scale
implementation of MSW recycling in Russia, such as a lack of investments and the population’s
willingness to recycle waste, are also discussed.
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1. Introduction

As a large economy, Russia is one of the world’s biggest producers of waste. A waste
management system has still not been implemented in Russia at a large scale; for example,
in 2020, only 24% of the total accumulated municipal solid waste (MSW) was recycled and
incinerated (Figure 1). The largest fraction of MSW is disposed of in landfills and only a
small amount of waste is incinerated; for example, in 2018, approximately 2.2% of MSW
was incinerated [1]. Landfilling and incineration of waste are associated with greenhouse
gas (GHG) emissions, and air and groundwater pollution [2—4]. Air pollution from waste
incineration could result in adverse impacts on health, increasing the risk of morbidity
and mortality [5-8]. A bad smell and unpleasant views are other adverse side effects of
waste landfills. Recycling waste will not only eliminate the direct environmental and
health impacts from incineration and landfilling, but will also reduce natural resource
consumption (i.e., water and energy), thereby leading to a more sustainable development
pathway.
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For along time, the issues related to waste management were only addressed by non-
governmental organizations (NGOs), and were not placed on the Russian policy agenda.
Almost all municipal and industrial waste was buried in landfills in Russia, despite the
2014 amendments (458-FZ) to the federal law ‘On Production and Consumption of Waste’,
which established the producers” responsibility towards industrial waste, prohibited
landfilling waste with recyclable components, and required regions to arrange ongoing
(at least ten years) contracts for waste collection, transport and recycling, through a single
regional operator on a competitive basis [9,10]. Recently, however, there have been some
positive movements and ongoing initiatives towards taking the waste problem more se-
riously. As an example of this, the integrated municipal solid waste management strategy
sets the tasks of developing an infrastructure for the decontamination and safety of the
placement of MSW, in terms of both environment and public health (para. 11), as well as
providing economic incentives for the separate collection of MSW (para. 19), and encour-
aging active involvement of communities in the separate collection and disposal (recy-
cling) of MSW (para. 21). The circular economy, enabled by waste management systems,
is an important aspect of the green economy and is also recognized in the Russian green
economy debate [11]. One of the examples of ongoing initiatives is the new waste recy-
cling plant (WRP), which was recently built in the Murmansk region and started its oper-
ations in 2019. Improving waste management in the Murmansk region and the country
could be associated with some business opportunities, resulting in substantial environ-
mental benefits, but it is also associated with some challenges. A better understanding of
the economic and environmental consequences of waste recycling might help to further
stimulate the design of an effective waste management strategy and action plan in Russia.

The objective of this study is to quantify the economic and environmental benefits of
MSW recycling in the Murmansk region. Our analysis is based on interviews conducted
with the regional operator, municipal statistical data, and the Intergovernmental Panel on
Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories. Further-
more, the results from this case study are extrapolated to provide a country’s perspective
on potential economic and environmental impacts. The remainder of the paper is struc-
tured as follows: Section 2 describes the methodology, Section 3 presents and discusses
the results, and the final section provides the conclusions of the study.
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Figure 1. Municipal solid waste in Russia. Source: [12].
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2. Materials and Methods
2.1. Job Creation

The data on collected MSW in the Murmansk region are only available for the period
of 2003-2020. The average amount of MSW in that region accounted for approximately
256,000 tons per year over the period of 20032020 (Figure 2). More than half of that
amount (i.e., 65%, on average) was placed in landfills, whereas the remainder was incin-
erated (i.e., 35%, on average). Unlike many other regions, the Murmansk region has an
incinerator. Regarding the waste composition, paper and organic waste contributes the
largest part of the total MSW in terms of weight [13] (Figure S1, Supplementary Material).
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Figure 2. Municipal solid waste in the Murmansk region. Source: [14].

Recently, a waste recycling plant (WRP) was built in Murmansk, which started oper-
ating in 2019. A regional operator, which is a private company, is now dealing with col-
lecting and recycling MSW from the entire Murmansk region. In 2019, approximately
26,000 tons, and in 2020, 25,000 tons of MSW were recycled. From 2023, the regional oper-
ator planned to recycle around 106,000 tons and to incinerate 120,000 tons of MSW [14].

To quantify the job creation effect, we used the data collected during the interview
with the regional operator in 2019. Specifically, the regional operator provided the infor-
mation on the number of employees and the capacity of the WRP.

2.2. GHG Emissions

As described below, we calculated emissions from the following three types of MSW
treatment: (i) emissions from incineration, (ii) emissions from landfills, and (iii) emissions
from recycling. The input data and results are available from the corresponding author on
reasonable request.

2.2.1. CO2 Emissions from Incineration

Emissions from COz, CHs, and N20 account for more than 90% of GHGs from waste
management [15]. The amount of GHG emissions depends inter alia on the type of waste
and alternative management strategy; for example, landfilling leads to the release of me-
thane (CHa), while incineration creates CO2, CHs, and N20 emissions. In our analysis, CO:2
emissions from incineration are estimated using the 2006 IPCC guidelines for National
Greenhous Gas Inventories (hereafter, the IPCC Guidelines). Equation (1) corresponds to
Equation (5.2) in the IPCC Guidelines, which is the basic methodology used to calculate
CO: emissions from incineration. The emission factors are based on the carbon content of
waste, which has a fossil origin. Since region-specific values, such as the fraction of fossil
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carbon, are not available, the equation is parameterized using the default values of the
IPCC Guidelines (see Table 2.4 in the IPCC Guidelines).

44
co2 =Z(M5Wj*dm]-*CFj*FCFj*0Fj)*E )
j

where the following apply:
CO:z is carbon dioxide emissions (gigagram/yr);
MSW;is the amount of municipal solid waste of waste type j (gigagram/yr);
dmjis the dry matter content of waste type j;
CF;jis the fraction of carbon in the dry matter of waste type j;
FCF;jis the fraction of fossil carbon in the total carbon of waste type j;
OF; is the oxidation factor.

Waste incineration leads to COz, CHs, and N20 emissions, with substantially larger
CO: emissions than N20 and CHs emissions. In our analysis, we did not calculate non-
CO: GHG emissions from incineration because the emission factors of non-CO:2 GHG
emissions are relatively small. Moreover, the emission factors for N2O and CHasare very
uncertain, as these depend not only on the type of waste but also on the type of incinera-
tion facility. It should, however, be noted that N20 and CHs have a substantially larger
radiative forcing compared to CO: [16]. CO:z emissions from incineration are estimated for
the following three waste categories: paper, textiles, and plastic. In the Murmansk region,
paper, plastic, and textiles from the cities of Murmansk and Severomorsk are incinerated,
while paper, plastic, and textiles from southern municipalities are landfilled. In our anal-
ysis, due to the lack of data on MSW, we used the data on the municipal population to
distribute the total amount of paper, plastic, and textiles between incineration and land-
filling.

2.2.2. CH4 Emissions from Landfills

MSW landfills are a large source of CHs emissions [17]. In our analysis, CHsemissions
from landfills were estimated using the IPCC model for solid waste disposal for the fol-
lowing three waste categories: food, paper, and textiles. As mentioned above, we used the
data on the municipal population to calculate the amount of paper and textiles that was
landfilled. Note that plastic, glass, and metals were also landfilled in the Murmansk re-
gion. However, the degradation of these material is very slow, so CHs emissions mainly
come from the landfilling of food, paper, and textiles. The degradation of organic compo-
nents in waste could proceed slowly over a few decades; therefore, it is recommended to
use a time frame of at least 50 years to calculate the CH4 from disposed waste. In our
analysis, CH4 emissions from landfills were calculated for 80 years, as this is the default
time frame of the IPCC waste model. We used the default values to parameterize the IPCC
model for solid waste disposal. To make CHs emissions comparable to other types of emis-
sions on a yearly basis, we divided the CHs emissions accumulated from landfills in 2003—
2020 over 80 years by 17 years. Finally, CHs emissions were converted to the carbon diox-
ide equivalent (CO2-eq) using a conversion factor of 25.

2.2.3. GHG Emissions from Recycling

Emission factors for direct GHG emissions from recycling processes and indirect
emissions from the avoided primary production of materials (hereafter, emission factors
for recycling) are taken from Turner et al. (2015). The emission factors for recycling were
especially large for metals and textiles (Figure S2, Supplementary Material). These emis-
sion factors were used to calculate potential emissions savings from recycling incinerated
and landfilled MSW for the following six waste categories: glass, paper, metals, textile,
plastic, and food.
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3. Results and Discussion
3.1. Job Creation

According to the interview with the regional operator, the new WRP employs 280
people to deal with the collection and recycling of MSW. The newly built WRP aims to
recycle the MSW, which was originally placed in landfills, from the entire Murmansk re-
gion. A certain amount of total accumulated MSW will be incinerated, although the ca-
pacity of the WRP allows all the accumulated MSW (i.e., including incinerated waste) to
be recycled. According to the interview with the regional operator, there is no direct con-
flict of interest between the incinerator and waste recycling company because the distri-
bution of MSW for incineration and recycling is administratively regulated. The MSW
from remote areas is planned to be incinerated due to the high transportation costs. While
the new WRP created jobs for 280 people, those working in landfilling might become un-
employed. However, according to the interviews with the regional operator, there was a
relatively small number of people employed in landfills, and they worked as security and
administrative staff after the WRP started operating in 2019. In addition, 60 new work-
forces at the WRP are planned to be created, to further secure the jobs of those workers.
Thus, none of the people working at landfills have lost their job to date. In total, building
the new WRP created 340 jobs. For reference, the total population living in the Murmansk
region was approximately 748,000 in 2019 [18], meaning that the job creation effect from
waste recycling is small. Taking the average annual amount of landfilled MSW in the Mur-
mansk region for the period of 2003-2020 (166,500 tons), recycling one million tons of
landfilled MSW would create 2,042 new jobs (340 divided by 166,500).

Incineration is more labor intensive than landfilling. In the Murmansk region, the
number of people working in waste incineration is approximately 170. This implies that
if the waste incineration company closed down, and the WRP was also responsible for
recycling the incinerated MSW, the job creation effect would account for at least 170 new
jobs (i.e., 340 minus 170). Taking the average annual amount of MSW generated for the
period of 2003-2020 (256,000 tons) into account, recycling approximately 1,506 tons of
waste would create one job (256,000 divided by 170) or 664 new jobs per million tons of
waste (170 divided by 256,000 tons). Note that recycling the MSW that is currently incin-
erated could require an additional workforce at the WRP, which would mean additional
jobs (i.e., the employment effect from waste recycling could be even greater). A positive
job creation effect from waste recycling is in line with some previous studies, which found
that waste recycling could increase employment because the processes of waste recycling
are more labor intensive than landfilling [19,20].

In 2020, the total amount of landfilled MSW in Russia was approximately 50 million
tons. Taking the employment effect of recycling landfilled MSW in the Murmansk region
as an extrapolation factor, recycling landfilled MSW in Russia could result in 102,100 (50
multiplied by 2,042) new jobs. From a country-level perspective, the job creation effect
from the waste recycling industry is relatively small; however, it could still be considered
as a non-negligible co-benefit of improving waste management in Russia.

3.2. GHG Emissions

Apart from the job creation effect, recycling MSW has positive environmental im-
pacts, as it leads to reductions in GHG emissions. According to our results, recycling the
previously landfilled MSW could lead to an annual average reduction in GHG emissions
of 515 gigagram (Gg) of COz-eq (Table 1). Almost 40% of the emissions savings are at-
tributed to the eliminated CH4 emissions from landfills, and the remaining emissions sav-
ings come from the avoidance of the primary production of materials (Figure 3). CHs emis-
sions from landfills mainly consist of emissions from the decomposition of food and pa-
per, which contribute approximately the same amount (i.e., 48-49% of the total CH4 from
landfills), whereas the amount of CH4 from the decomposition of textiles is very small
(i.e., 3% of the total CH4 from landfills) (Figure 3). The CH4 emissions from landfilled
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MSW in 2013-2020 will increase until 2022, and then continuously decline (Figure S3, Sup-
plementary Material).

Assuming that incinerated MSW would also be recycled, the emissions savings
would be scaled up to 697 Gg of COz-eq per year. Regarding incineration, the largest emis-
sions savings come from the avoidance of the primary production of materials, which ac-
counts for approximately 82% of the total emissions savings from incineration (Table 1
and Figure 3), and the remaining amount is associated with a reduction in CO2 emissions
from incineration (Figure 3). Regarding the emission attribution of incinerated waste, the
largest amount of CO2 emissions comes from the incineration of plastic (81%), followed
by textiles (17%) (Figure 3). Regarding the indirect emissions from the recycling of incin-
erated waste (i.e., avoided primary production of materials), the largest emissions savings
result from recycling textiles (46%) and paper (43%), followed by plastic (12%) (Figure 3).

In relative terms, this implies that recycling one ton of MSW in the Murmansk region
would save approximately 2.7 tons of GHG emissions in COz-eq annually, which is 0.87
ton per capita per year, on average. For comparison, in 2017, the total CO: per capita in
Russia accounted for approximately 11 tons [21]. Hence, the contribution of MSW to total
GHG emissions in Russia is relatively small compared to other types of emission sources
(i.e., power generation and transport). However, when looking at an individual’s personal
emissions, the emissions savings from MSW recycling are significant compared to the per
capita emissions in some other countries; for example, India’s CO2 emissions per capita
in 2015 amounted to 1.8 tons [21].

Table 1. Annual average GHG emissions and emissions savings from different types of MSW treat-
ment in the region of Murmansk (in CO2-eq). Negative emissions from recycling are mainly associ-
ated with reductions in the primary production of materials.

Types Gigagram Tons Per Ton of MSW  Tons Per Capita

- Landfills 201 1.21 0.25

- Recycling of landfilled MSW -314 -1.89 -0.39
Total emission savings from recycling ~ ~ _

landfilled MSW >15 309 064

- Incineration 32 0.36 0.04

- Recycling of incinerated MSW -149 -1.69 -0.19
Total emission savings from recycling N ~ ~

incinerated MSW 182 205 0.23

Overall total emission savings -697 -2.72 -0.87

g
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Figure 3. Annual average GHG emissions and emissions savings from different types of MSW treat-
ment and types of waste in the region of Murmansk (in COz-eq).
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From the country-level perspective, recycling MSW could result in non-negligible
emissions savings, due to the large amount of MSW generated in Russia every year; for
example, in 2020, approximately 50 million tons of MSW were landfilled in Russia [12].
Using the emission factor for landfilled MSW for the Murmansk region (1.21 tons per ton
of MSW), recycling landfilled MSW in Russia would save approximately 60.5 million tons
of methane emissions in CO2-eq every year. When also accounting for the emissions sav-
ings from the avoided primary production, the total emissions savings from recycling
landfilled MSW amount to approximately 154.5 million tons of GHG emissions in CO2-eq
(50 million multiplied by 3.09 tons per ton of MSW). In comparison, the total CO: emis-
sions from Algeria, one of the largest economies in Africa, accounted for approximately
152 million tons of CO2 in 2018 [21]; the total GHG emissions without land-use change
and forestry (LULUCF) in Norway and Sweden in 2018 amounted to approximately 47
and 46 million tons in COz-eq, respectively [21]. Note that the emissions savings will fur-
ther increase when also recycling incinerated MSW in Russia.

Investment in building the waste management system in the Murmansk region ac-
counted for approximately USD 37 million for the period of 2013-2019 [14]. Given the
assumption that the new WRP in the Murmansk region will operate for the next 20 years,
by saving around 515,000 tons of COz-eq each year, the new WRP would be beneficial,
even at a carbon price of USD 5 per ton for a discount rate of 4%.

3.3. Challenges

There are some challenges in the large-scale implementation of MSW recycling,
which should be considered when further developing and designing the Russian waste
recycling policy.

First, the installation of the new WRP in the Murmansk region led to a substantial
increase in communal fees. For example, in Murmansk, recycling MSW led to a two times
increase in communal fees, which is especially problematic for low-income groups [22].
Recycled waste becomes a resource that could be further re-used. In that regard, recycling
leads to some reductions in cost [23,24]. However, recycling is a costly procedure com-
pared to landfilling, especially if landfilling is not charged or is charged with a small fee.
In the Murmansk region, an increase in communal fees was required to pay off the invest-
ment cost and cover the operational costs. Implementing MSW recycling at the country
level would require massive investments in building WRP and the required infrastruc-
ture; for example, the investment in building a waste management system in the Mur-
mansk region accounted for approximately USD 37 million for the period of 2013-2019
[14]. A lack of funding could slow down the expansion of waste recycling in the country.

Second, although a few places in Murmansk are equipped with waste-specific collec-
tion containers (i.e., MSW can be separated by type), most waste is still separated at the
WRP. However, separating waste at the source is a more economically efficient option.
An example of this is a field study conducted by Greenpeace Russia in Saint Petersburg,
Babanin (2008), which found that separating MSW at the source could reduce the cost of
waste recycling by half, and the amount of waste-material rejects could decline by three
times compared to when MSW is separated at a WRP [25].

Third, the willingness of the population to separate MSW could still be relatively low;
for example, according to a survey conducted by Aladyshkina et al. (2019), only 33-36%
of the urban population of Nizhny Novgorod is willing to separate solid waste [26].

Fourth, according to the interviews, the regional operator finds it difficult to find
profitable markets for recycled materials, which could make it challenging to further up-
scale the recycling of waste. A solid stream of recycled materials is required before anyone
can invest in them as a raw material, and the government could help to balance the supply
and demand by supporting new business opportunities to make use of these new material
streams.

Note that the above-mentioned challenges are general and relevant for all Russian
regions, but to different extents; for example, the willingness of the population to separate
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MSW might differ by region and could change over time. Some regions could find it more
difficult to find profitable markets for recycled materials because of the high transporta-
tion costs. Increasing communal fees for waste recycling will be more problematic for the
regions with a larger low-income population; therefore, those regions might need more
financial support from the state. Furthermore, in Russia, incineration is considered to be
a form of “recycling”; therefore, it is expected that the relative amount of incinerated MSW
will increase, especially in remote regions.

4. Conclusions

Landfilling and incinerating MSW lead to GHG emissions, and local air and ground-
water pollution. At present, a relatively small share of the total accumulated MSW is re-
cycled in Russia (e.g., ~24% was recycled and incinerated in 2020). However, there are
some positive tendencies towards improving waste management in the country (e.g., fed-
eral and regional legislation). We quantified some economic and environmental impacts
of recycling MSW in the Murmansk region, which recently built a new WRP. We found
that, on balance, recycling MSW induced a positive job creation effect in that region, since
the number of people involved in waste recycling is substantially greater than in landfills
and incineration; for example, we found that recycling one million ton of landfilled MSW
could create approximately 2042 new jobs. Additionally, the emissions saving effect is
considerable; for example, recycling landfilled MSW in the Murmansk region could an-
nually save approximately 515 Gg of GHG emissions in CO2-eq, which is 3.1 tons of Gg
per ton of MSW. From the country-level perspective, emissions savings are non-negligi-
ble. A simple extrapolation of the case study of the Murmansk region shows that the an-
nual emissions savings from recycling landfilled MSW in Russia could be comparable to
the total annual CO:z emissions of Algeria, one of the largest economies of Africa.

We also identify some challenges associated with the management of MSW in the
Murmansk region. The communal fee was increased, and the regional operator found it
difficult to find profitable markets for recycled materials. However, recycling MSW at the
source could potentially address these two problems by reducing the operational costs.
At the country level, a lack of investment and the potentially low willingness of the pop-
ulation to separate waste could further challenge an expansion of waste recycling. Inves-
tigating regional differences is an interesting avenue for future research.

This analysis is subject to several limitations. The incineration and landfilling of MSW
could lead to air and groundwater pollution, thereby inducing adverse health impacts.
The positive health impacts from MSW recycling are not quantified in this study. In this
regard, the benefits of recycling MSW are certainly underestimated in our analysis. The
estimated impacts on GHG emissions are also uncertain, since the emission factors are not
specific to the Murmansk region. In that regard, the extrapolated impacts of MSW recy-
cling for the entire country are also likely to be biased. Moreover, this study focuses solely
on MSW in the Murmansk region, in which the total accumulated MSW is relatively small
compared to mining waste. Recycling industrial waste could result in substantially greater
job creation and emission-saving effects.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/su131910927/s1. Figure S1: Composition of MSW in the Murmansk region in 20092013,
Figure S2: Emission factors, Figure S3: CHa emissions from landfilled MSW in the Murmansk region
in 2003-2020 (Gigagram of COz-eq).
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