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ARTICLE INFO ABSTRACT

Handling Editor: Prof. Jiri Jaromir Klemes The impact of waste policies and measures from National Determined Contributions (NDCs) on the Sustainable
Development Goals (SDGs) is unexamined and creates conditions for policy conflict and incoherence. This

Keywords: participatory case study of North Macedonia quantifies synergies and trade-offs. Our results show twelve times

Waste management more synergies than trade-offs. The most important synergies concern SDG 8: Decent work and economic growth

Su_Stainable develo,p,me?t goals (score: 10) and SDG 3: Good health and well-being (score: 5) since formalizing the recycling sector is expected to
Climate change mitigation

Policies and measures create jobs, economic productivity is expected to improve as a result of increased resource efficiency in industry,

Stakeholders and declining pollution is expected to increase health through adequate waste management in landfills. On the
other hand, the most important trade-off pertains to SDG 1: No poverty (score: —3) because the incomes of
informal workers are expected to decrease, affecting financially vulnerable families. In conclusion, despite being
the least emitting sector globally, the waste sector is a promising avenue for mitigating climate change because of
its synergistic effects with the SDGs. Circular economy policies in line with the 3Rs: reduce, reuse and recycle
hold the most potential for synergies in developing countries. This case study generated momentum for policy
implementation by highlighting policy synergies and ideas for the next revision of the NDC. Central to this was
the process of fostering dialogue and learning among otherwise siloed policy actors.

outline their mitigation goal and list policies and measures (PAMs) to
achieve the goal, thus reaffirming their commitment to the treaty and to

1. Introduction global efforts to mitigate climate change.
However, despite sharing the year of adoption, it is not clear how
In a momentous year of international cooperation, 2015, the United these two initiatives are interconnected. In other words, it is not clear
Nations rolled out the Sustainable Development Goals and, at the same how SDG 13: Climate Action is connected to the rest of the goals, or how
time, facilitated the Paris Agreement. Both initiatives were supported NDC PAMS reinforce or hinder other sustainable development issues. For
and ratified by most country members of the United Nations, marking example, carbon pricing may lead to increased consumer energy prices
significant progress in global cooperation on sustainability issues that disproportionately affect those living in poverty. In that case
(Biermann et al., 2017). The Sustainable Development Goals (SDGs) is a advancement on SDG 13: Climate Action may negate progress on SDG 1:
wide framework composed of 17 goals and specific goal targets No poverty, i.e., a carbon pricing policy has trade-offs with that
encompassing environmental, social, and economic spheres. The Paris particular SDG. Inarguably urgent, as stated in the latest Intergovern-
Agreement is an international treaty that concerns climate change mental Panel on Climate Change report (IPCC, 2021), climate action
mitigation, adaptation, and finance; and is to a certain extent synony- policies and commitments should take place at a fast pace and mandate a
mous with SDG 13: Climate Action. According to it, countries submit certain extent of scrutiny to ensure that they do not contradict

Nationally Determined Contributions (NDCs) every five years, which
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Abbreviations

SDG Sustainable Development Goal

NDC Nationally Determined Contribution
PAMs Policy and Measures

GHG Greenhouse Gas

themselves or negate progress in other policy areas considered nation-
ally and internationally important, such as the areas addressed by the
SDGs and their targets. Admittedly, there has been some research on the
link between SDG 13: Climate action and the rest of the SDGs (Fuso
Nerini et al., 2019), but more granular research regarding particular
sectors like, for example, the waste sector, has yet to be subject of
scholarly analysis.

In response to this invitation for scrutiny and fair criticism, we pose
the following research question: How do waste sector NDC PAMs affect
SDG progress? We address this question using the Q-SCAN method in a
case study with stakeholders in North Macedonia as a continuation of
our previous work (Gjorgievski et al., 2021) where we looked at the
synergies and trade-off between the SDGs and NDC PAMs in the energy
sector. Finally, based on our findings we reflect on implications on SDG
interactions theory, the role of waste NDC PAMs for sustainable devel-
opment and suggest directions for future research.

Section 2 roots this research in theory through a literature review on
SDG interconnections, the waste sector and its link to climate action.
Section 3 outlines the Q-SCAN method, which was used to quantify the
links between waste NDC PAMs and the SDGs in a participatory manner.
Next, Section 4 presents the results of applying this method, including
additional consensus analysis and expert validation. The discussion
presented in Section 5 entails reflections on analyzing NDC-SDG links
and the benefits and drawbacks they pose to policy, as well as the most
important ways the waste sector impacts sustainable development
through NDC PAMs both in the Macedonian context and in general. Last,
Section 6 is a concise conclusion.

2. Literature review

This section provides an overview of recent relevant literature that
studies the linkages with the SDGs, with a focus on the links between
solid waste management and climate action.

2.1. Sustainable development goals interconnections

There are interconnections between the SDGs (Barbier and Burgess,
2017). This becomes especially clear if one adopts a systems thinking
lens, which emphasizes a holistic view of issues as a sum of their
constitutive elements and their interconnections. These links can be
either positive or negative, i.e., progress towards one goal can contribute
to progress (regress) toward (away from) another goal. In other words,
while positive links describe ways in which sustainable development
policies converge, negative links describe ways in which sustainable
development policies diverge (Ament et al., 2020). Widely referred to as
synergies and trade-offs, studying potential SDG interconnections is
useful for maximizing synergistic effects and prioritizing trade-offs (see
Anderson et al. (2021) for an example of a model assessing SDG
interlinkages).

This line of reasoning has inspired numerous studies (often termed
‘nexus studies’) on SDG interlinkages (Liu et al., 2018). The most widely
studied interlinkages are those between water, energy and agriculture,
the so-called ‘water-energy-food nexus’, especially in the context of
climate change (Leck et al., 2015). In addition to this, studies often
include economic concepts through industry and socioeconomic
equality repercussions (Biggs et al., 2015). However, these studies are
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criticized for not being interdisciplinary enough or lacking a participa-
tory character (Albrecht et al., 2018). Waste, and subsequently waste
management, as a by-product of current socioeconomic practices, has
until recently been omitted from these studies as evidenced by the fact
that ‘waste’ is only mentioned in the context of wastewater management
and not in the context of solid waste management. Thus, there has been a
call to extend research to include waste in ‘food-water-energy-waste
nexus’ studies (Garcia et al., 2019).

Further, despite growing scholarly interest in studying SDG in-
terlinks, scientific methods for evaluating SDG interconnections are
lacking in voluntary national reviews for progress on the SDGs. There
are, however, indictments that policymaker demand for these types of
studies is growing (Allen et al., 2021). One of the reasons for this is that
SDG links differ on national and transnational levels (Coenen et al.,
2021), which stresses the importance of conducting more granular case
studies on both national and cross-national levels.

2.2. Solid waste management and climate action

As a constant accompaniment to human civilization, waste and waste
disposal is a universal practice evidenced by archaeological middens.
Recently, the definition of waste management has expanded from mere
control of disposal to include resource recovery within a circular econ-
omy system (Pujara et al., 2019). This shift has also enabled scholars to
examine the sustainability of the field since moving from linear to cir-
cular thinking has attempted to bridge the gap between waste, at the
end, and primary resources, at the beginning of the resource cycle. For
example, Piacentino et al. (2019) showcased a sustainable heating so-
lution based on the use of biomass and municipal solid waste to fuel
district heating plants. As an interdisciplinary field, solid waste man-
agement is not represented by one SDG, but rather encompasses 12 SDGs
(Rodi¢ and Wilson, 2017). The cross-cutting nature of the waste sector
can arguably lower the political attention given to it, but also empha-
sizes the need to study the interconnections between the SDGs to
examine it in its entirety.

It is important to note that solid waste creation is increasing in most
places and is especially worrisome for countries where disposal is open
and under-managed, which results in significant greenhouse gas (GHG)
emissions from open decay and/or burning, highlighting its importance
for SDG 13: Climate Action and NDCs (Ranjbari et al., 2021). Powell,
Chertow & Esty (2018) analyze waste sector commitments from 174
submitted NDCs. They find that most countries included waste as part of
their NDC commitment, accounting for 91% of global 2010 GHG emis-
sions from waste. Improved landfilling is the most listed measure fol-
lowed by waste-to-energy, recycling and composting measures.

3. Materials and methods

This study applies a method called Q-SCAN whose output is a single
diagram depicting quantified links between NDC PAMs and SDGs. The
ability to systematically portray policy effects and interactions in a
single diagram is of immense value to both scientists and practitioners of
public policy (Cohen et al., 2019). Gjorgievski et al. (2021) developed
Q-SCAN and applied it in the energy sector in North Macedonia. In their
work, quantification of the links is done by sector experts, but they stress
that the methodology is suitable for stakeholder engagement, which
ultimately led us to modify Q-SCAN to a participatory approach for the
purpose of this study. The strengths of this approach lie not only in
systematically ranking and contextualizing NDC-SDG links, but also in
providing rich narrative-based insights.

3.1. Method description
The Q-SCAN method, used in this study, consists of three steps (see

Fig. 1). Firstly, the links between the PAMs and the SDG are identified at
the SDG target level, using the SDG Climate Action Nexus tool (SCAN-
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Step 1: Matching NDC PAMs with
SCAN mitigation actions

Step 2: Quantification of SDG-NDC
links with stakeholders

Step 3: Validation of stakeholder
opinions through expert interview

Fig. 1. Modified Q-SCAN method applied in this study.

tool) (Gonzales-Zuniga et al., 2018). The identified links, chosen from a
pool of 982 possible links, are then scored using the scale proposed in
Nilsson et al. (2016). As a final step, integral scores are calculated for
each SDG and each type of links, respectively (Gjorgievski et al., 2021).
Positive scores (+1,+2,+3) are associated with synergies, with +3 being
the strongest synergy, while negative scores (—1,-2,-3) are associated
with the trade-offs, where —3 indicates the strongest trade-off. These
scores quantify the relationship between the PAMs and the SDGs.
Because of the fact that quantification was done through a stakeholder
workshop, the scores reflect average score voted on by the participants
(see Table 1).

Since the motivation behind adopting a participatory approach was
to foster inclusivity and dialogue, unlike our past study on the energy
sector which aimed to quantify national relevance based on sector
expertise (Gjorgievski et al., 2021), an additional step was taken, which
validates the results with a sector expert in order to increase the reli-
ability of the results (see Fig. 1). Specifically, expert validation was
conducted in the form of a closed-question interview.

3.2. Method justification

Very few SDG interaction studies employ participatory approaches
(Bennich et al., 2020) even though the benefits of using a participatory
approach to integrate climate change mitigation with sustainable
development planning are assumed to be broad. Awareness raising
among stakeholders and the general population, as well as abiding by
ethics of inclusion are considered to be among the biggest benefits
(Gjorgievski et al., 2021). Structured stakeholder engagement, although
difficult to facilitate, is considered to give scientific research a stronger
base for impact (Cohen et al., 2019). In fact, participatory approaches

Table 1
Scheme for quantifying link importance based on stakeholder votes.

Average score range Resulting score Link interpretation

0-0.49 0 No national relevance
0.5-1.49 1 Low importance
1.5-2.49 2 Medium importance
2.49-3 3 High importance
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have been proposed as one of the best ways for creating policy buy-in
and policy coherence for the climate change and 2030 Agenda (Cae-
tano et al., 2020). Policy buy-in refers to the acceptance of policy pro-
posals by policy actors and policy coherence refers to the extent a policy
conflicts with existing and planned policies, both of which ease the way
to successful policy implementation. Examples of this within SDG nexus
studies include Cohen et al. (2017) and Antwi-Agyei et al. (2018) as
their studies produced and discussed these outcomes. All in all, despite
low application, participatory approaches are especially effective for the
SDGs because the goals are multisectoral, i.e., they require approval,
collaboration and implementation efforts from a variety of stakeholder
groups, all of which are common outcomes of participatory research.
Both participatory and non-participatory past practices have, how-
ever, been the subject of criticism as they tend to concentrate on a
narrow range of sustainable development sectors and fail to include the
entire spread of national development agendas, which may expose new
climate-relevant sectors (Atteridge et al., 2020). The authors propose
that normative or other biases may be responsible for this missed op-
portunity. This makes for an even stronger case to extend the Q-SCAN
study to include non-conventional climate change sectors such as waste.
Q-SCAN is not the only method attempting to quantify SDG-NDC
links. Cohen et al. (2017) exercised rating scales as a means of quanti-
fying co-benefits from an intended NDC in an attempt to combat lack of
data. Cohen et al. (2019) went even further by applying a much more
complex quantification method: multi-criteria decision analysis. How-
ever, they are cautious to recommend it since it is a resource-intensive
approach and may frustrate stakeholders who are not convinced of its
benefits, which is why this study applies a less detailed approach.

3.3. Data collection

This study engaged stakeholders through a workshop. The goal of the
workshop was to foster dialogue and learning among waste and climate
change actors in North Macedonia. Hence, a wide range of stakeholders,
not all of whom hold the status of experts in their area, were invited. A
total of 15 attended the online workshop which took place in June 2021.
They were affiliated with the Ministry of Environment and Physical
Planning and various non-governmental advocacy groups or were pri-
vate consultants in the waste sector. The reasoning behind this choice of
stakeholders is that they are most actively involved in the creation and
implementation of policies.

The expert for step 3 of the method (see Fig. 1) was chosen based on
their history of involvement with climate change and waste sector pol-
icies in the country, specifically the NDC and national strategic docu-
ments and policies for waste management. The interview questions
consisted of closed form questions asking for their agreement with and
comment on all links quantified during the workshop. Transcripts of the
workshop and the expert interview are available from the authors.

3.4. Method limitations

One of the main limitations of our method (Q-SCAN) is that it fails to
systematically incorporate feedback from the SDGs to climate change
PAMs and to include interlinks among the goals themselves. One way of
overcoming this limitation can be to produce causal loop diagrams
(Antwi-Agyei et al., 2018) or to use integrative modelling and simula-
tion techniques such as the integrated SDG Model (Collste et al., 2017),
which are useful in illuminating policy coherence or incoherence
stemming from feedback dynamics. Such modelling can be useful for
taking the Q-SCAN method to the next level in the future because it
would enable Q-SCAN to engage in what Liu et al. (2018) mention as the
fifth and last major step in implementing nexus approaches: simulation
of nexus dynamics.
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4. Results

The results of this study reveal synergies and trade-offs between four
Macedonian enhanced NDC PAMs in the waste sector and the SDGs (see
Table 2). Two of these PAMs correspond to “reduce, reuse and recycle”
mitigation actions (Gonzales-Zuniga et al., 2018) as they concern paper
waste selection and improved waste and materials management at in-
dustrial facilities. And the remaining two have to do with “sustainable
waste management systems” mitigation actions (Gonzales-Zuniga et al.,
2018) since they entail landfill gas flaring and mechanical and biological
treatment in new landfills with composting.

Overall, there are more synergies than trade-offs in this sector,
indicating that enhanced NDC PAMs are likely to have a positive effect
on the SDGs (see Fig. 2). Specifically, the synergies of highest impor-
tance are with SDG 8: Decent work and economic growth (score: 10)
because of new jobs and improved economic productivity and with SDG
3: Good health and well-being (score: 5) because of decreased air, water
and soil pollution. Next, there are synergies of medium importance with
SDG 11: Sustainable cities and communities (score: 11) and SDG 12:
Responsible consumption and production (score: 9) since the formal-
ization of the sector and increase of re-use rates are expected to improve
cities, consumption and production, but only to a limited extent with the
current PAMs. In terms of negative links, the most significant trade-off is
with SDG 1: No poverty (score: —3) because the policies are anticipated
to decrease the income of informal workers who often fall below the
poverty line.

Taking data variance as a signifier of consensus level, the results
portray various levels of consensus regarding the links (see Table 3). In
this case study, consensus is understood as the level at which partici-
pants agree on the importance and relevance of a link in the national
context. It does not refer to agreement on the polarity of the link, i.e.,
whether a link is a synergy or a trade-off. Specifically, there was most
consensus regarding the links to SDG 10: Reduced inequalities and SDG
1: No poverty, which indicates that there is a high level of consensus for
all NDC-SDG trade-offs. On the other hand, the lowest levels of
consensus relate to SDG 6: Clean water and sanitation and SDG 11:
Sustainable cities and communities. The remaining SDG links have
medium levels of consensus with an average variance of around 0.55.

Interestingly, there was no discussion among workshop participants
regarding the links to SDG 6: Clean water and sanitation even though it
showed the highest level of dissensus. However, the expert interview
was helpful in shedding light on the issue. Their view was that many
mistakenly believe that the NDC PAMs improve sanitation and access to
water because they will address liquid discharge from unregulated solid
waste disposal sites, however that is not the same as proper wastewater
treatment, which is out of the scope of the PAMs. Thus, they agree that
the PAMs might improve access to water and sanitation, especially in
terms of waste collection, but only to a limited extent, and they state that
the effect would not be through wastewater treatment.

There was a discussion among stakeholders regarding links to SDG
11: Sustainable cities and communities. Some agreed that the PAMs will
improve access to essential services in poor neighborhoods, while others
discerned that only waste collection policies, which are not currently
covered by the PAMs, can have that effect. Next, there was dissensus
regarding whether the PAMs will improve the sustainability of

Table 2
Matching waste NDC PAMs with corresponding SCAN mitigation actions.

NDC PAM SCAN mitigation action

Selection of waste - paper

Improved waste and materials management at
industrial facilities

Landfill gas flaring

Mechanical and biological treatment (MBT) in new
landfills with composting

Reduce, reuse and recycle

Sustainable waste
management systems
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urbanization and urban planning. The dominant view in the discussion
was that waste management is one step behind urbanization and thus
cannot affect its sustainability. Rather, it is urbanization that affects
waste management. In light of this, some participants expressed that
they have changed their views, but not enough to bring up the level of
consensus. The expert generally agreed with the idea that the PAMs will
not have a significant effect on the availability of essential services or
urbanization sustainability. In addition, they emphasized that the
biggest effect on SDG 11: Sustainable cities and communities will come
from PAMs related to waste collection as they have potential to lower
the environmental impact of cities.

5. Discussion

In this section, the findings are discussed in light of the benefits of
exploring the NDC-SDG linkages and the impact that climate actions in
the waste sector have on sustainable development.

5.1. Is there any use in linking Nationally Determined Contributions to the
Sustainable Development Goals? Reflections on applying the Q-SCAN
method and research outcomes

The exercise of linking the Macedonian NDC to the SDGs proved to
be beneficial because it brought national policymakers one step closer
towards mainstreaming climate change in sectoral policies. As such, this
work stands as an example of how waste management can be incorpo-
rated in SDG nexus studies through the Q-SCAN method. Future studies
may benefit from the quantification of the SDG links, both in relation to
one another, and, in comparison with SDG links in other sectors (see
Gjorgievski et al. (2021) for an example of the energy sector).

5.1.1. Political support as a benefit

One of the reasons approaches like Q-SCAN are beneficial is that
PAMs are given higher priority when they are seen as contributors to-
wards other near-term goals (Hammil and Hayley, 2017) and the need
for PAM funding is perceived as lower in cases where policies are clearly
deemed aligning (Northrop et al., 2016). Mantlana et al. (2021) also
stand witness to this as they describe that NDC-SDGs interlinkage has
yielded political support for climate change policies and lowered the
need for resources such as funding. Thus, this study confirms that
participatory processes are effective for SDG delivery because they build
trust in policy and increase policy acceptance (Fuldauer et al., 2019),
altogether termed as “raising political support™.

5.1.2. Policy coherence as a benefit

Another one of the most stressed benefits of linking the NDC to the
SDGs and of exploring SDG interactions in a scientific manner is policy
coherence. Understanding NDC-SDG links can aid policy coherence on
national or local levels, thus increasing cooperation among policy-
makers who are often siloed. Environmental SDGs are the most com-
plex and least coherent out of the SDGs because policies that are
coherent at the highest level of the policymaking process can still lose
much of their coherence during implementation (Coscieme et al., 2021).
Our study was able to establish that the NDC PAMs are to a large extent
coherent, i.e., synergistic to the SDGs, which implies that they are
coherent with other policies aimed at progress towards the SDG targets.

At the same time, it is imperative to move beyond a technocratic
approach to policy coherence as Brand et al. (2021) criticize that policy
coherence studies often miss a political dimension. The current study
tackles this by including stakeholders directly in the process. Discussions
during the workshop often took political character so, arguably, our
study was inclusive of politics. In terms of policy coherence, navigating
policy trade-offs may be more significant than mapping synergies
ex-ante (Brand et al., 2021) since the larger trade-offs produce more
winners and losers (while synergies produce only winners), making it
more difficult to manage and prioritize between conflicting policies
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Fig. 2. Synergies and trade-offs between four Macedonian enhanced NDC measures in the waste sector and the SDGs. The score for each SDG denotes the cumulative
number of links judged to be of low, medium and high importance by national stakeholders as represented by color shades.

Table 3

The level of stakeholder consensus represented by
average variance for SDG link scores. A low average
variance value indicates high consensus and vice versa.

Link to SDG Average variance
1 0.34
3 0.53
6 0.95
8 0.50
9 0.61
10 0.29
11 0.81
12 0.43

(Breuer et al., 2019).

5.1.3. Benefits for policy implementation

Although the benefits of establishing NDC-SDG links have clearly
been recognized in the policy formulation phase [e.g., Atteridge et al.
(2020) and Mantlana et al. (2021)], they are yet to be effectively
demonstrated in the policy implementation phase. Pinkse and Kolk
(2012) suggest multistakeholder partnerships as one of the ways of
filling that gap. Their explorative study of multistakeholder partnership
case studies proposes that such partnerships fulfil important governance
functions such as information sharing, capacity building and rule-setting
in addition to achieving policy goals. Further, business community
engagement taking place through these kinds of partnerships is
emphasized as a way of addressing common resource and learning gaps
in the climate change and sustainable development policy arena. These
are ideas to build up on the stakeholder engagement process started
during this research or for similar research aimed at inspecting whether
establishing NDC-SDG links is beneficial to the policy implementation
process or not.

5.1.4. Barriers and drawbacks of NDC-SDG linkage

Despite the benefits and ideas mentioned above, there are some ar-
guments not to integrate climate change and sustainable development
planning because they might create additional hurdles for policy actors
(Yedla and Park, 2009). For example, complex governance arrange-
ments such as a lack of history of coordination among departments,
overlapping authorities, department-specific jargon, unequal access to
information and pre-existing knowledge can make communication
difficult (England et al., 2018). Extra coordination among different in-
stitutions requires extra resources, which may not be easily available
especially in the case of developing countries. In addition, most SDG
nexus studies are abstract and are thus of limited use to policymakers
who deal with problems on the ground (Breuer et al., 2019). However,
despite being abstract, the stakeholders in our study expressed that it
increased evidenced-based policy and transparency.

Shockley (2018) proposes some more philosophical cautions against
establishing NDC-SDG links. Specifically, he argues that NDCs and SDGs
differ in the fact that NDCs are actor-dependent while SDGs aren’t,
making it harder to determine accountability for SDG implementation.
Instead, he suggests either to make NDCs actor-independent like the
SDGs by freeing nations and national actors from accountability or to
completely integrate NDCs into the SDGs (specifically SDG 13: Climate
action) and put the spotlight entirely on the 2030 Agenda.

5.2. How do waste sector climate policies impact sustainable
development? Takeaways from the case study and comparison to existing
literature

Our results showed that Macedonian enhanced NDC PAMs in the
waste sector are expected to have an overall positive effect on sustain-
able development in the country. Specifically, stakeholders agree that
their biggest contribution will be towards achieving SDG 8: Decent work
and economic growth and SDG 3: Good health and well-being. However,
the highest level of consensus among stakeholders was regarding trade-
offs, as they anticipate that the PAMs will likely negatively impact
progress towards SDG 1: No poverty and SDG 10: Reduced inequalities.



E. Gusheva et al.

While this study looked at all waste NDC PAMs together, the impact per
SDG varies per PAM. Thus, the results merely represent expected effects
given proper implementation of all waste NDC PAMs.

5.2.1. Takeaways for the Macedonian context

There are 27 links in the waste sector according to the SCAN-tool, but
our national case study only looked at 24 links because none of the
Macedonian PAMs are related to mitigation actions on increasing energy
efficiency (see Table 2). Given that there were only 3 trade-off links
based on the SCAN-tool to begin with, it is not surprising that our case
study confirmed a largely positive impact on SDG progression. Despite
the fact that most identified links concerned SDG 11: Sustainable cities
and communities (5 links, score: 11), it has a similar score with SDG 8:
Decent work and economic growth (4 links, score: 10) because stake-
holders deemed that the links to SDG 8: are of higher importance and
would have greater impact given the national PAMs. Similarly, even
though there were more links to SDG 6: Clean water and sanitation (3
links, score: 5), it has the same score as SDG 3: Good health and well-
being (2 links, score: 5) for identical reasons.

5.2.2. Comparison to existing literature

It can be said that the Macedonian waste PAMs are representative of
common waste NDC PAMs since most Paris Agreement signatories are at
the early stages of developing disposal and recycling schemes (Powell
et al., 2018). This study showed that Macedonian waste NDC PAMs are
connected to 8 SDGs (1, 3, 6, 8, 9, 11, 12, 14), which is less than the 12
SDGs stated in other scholarly literature (Rodi¢ and Wilson, 2017). This
is because it is a participatory study, meaning that the links were
established through both scholarly theory and local stakeholder dis-
cussion, thus reducing the number of links identified in literature to only
those stakeholders consider nationally relevant.

A thorough comparison of our results with those of Fuso Nerini et al.
(2019) and Thacker et al. (2019) is presented in Table 4. Specifically, it
lists the links to SDG targets (Fuso Nerini et al., 2019) relevant to the
waste sector and their corresponding strength. These are only a fraction
of the waste sector links identified with the SCAN-tool (Gonzales-Zuniga
et al., 2018), but are comparable because they use the same weighting
scale based on Nilsson et al. (2016). They are consistent with the results
of our study. Specifically, Fuso Nerini et al. (2019) give ranges for most
of these links and the values from our study fall within those ranges.
Notably, targets 6.a, 12.3 and 12.6 are not included in the SCAN-tool
and also not directly captured by North Macedonia’s PAMs, thus they
are incomparable. Special emphasis should be given to targets 6.3 and
11.6 as they fall within the upper limits of the ranges given by Fuso
Nerini et al. (2019), leading to the conclusion that stakeholders find that
these links are more impactful in the North Macedonian context than the
average global context.

Table 5 compares the results of our study with that of Thacker et al.
(2019). The two studies are comparable because they both base the links
on scholarly literature, but their comparability is limited since they
differ in geographical scope and results vocabulary. Specifically, our
study focuses on North Macedonia and ranks link importance with
quantitative values agreed on by stakeholders, while theirs is global and
assesses how many of the SDG targets are subject to 1) no, 2) direct or 3)
indirect influence based on expert judgement in consultation with
scholarly literature. In fact, most of the inconsistencies between the two
studies reflect differences in results from Thacker et al. (2019) and the
SCAN-tool (Gonzales-Zuniga et al., 2018) rather than our study specif-
ically. Such is the case regarding links to SDG 2: Zero hunger, 4: Quality
education, 15: Life on land and 16: Peace, justice and strong institutions.
Our study deemed the links to SDG 3: Good health and well-being (score:
5) and SDG 8: Decent work and economic growth (score: 10) to be of
medium and high importance, while Thacker et al. (2019) only noted
indirect influence on these SDGs, suggesting that these links are
perceived to be of higher importance in North Macedonia compared to
the global picture. On the other hand, the links to SDG 6: Clean water

Journal of Cleaner Production 354 (2022) 131572

Table 4
Comparison of waste sector links to SDG targets in our study and Fuso Nerini
et al. (2019).

Sustainable Development Goal Target Results from Fuso Our
Nerini et al. (2019) results
6.2 By 2030, achieve access to adequate and 1-2 1

equitable sanitation and hygiene for all and
end open defecation, paying special
attention to the needs of women and girls
and those in vulnerable situations
6.3 By 2030, improve water quality by 1-2 2
reducing pollution, eliminating dumping
and minimizing release of hazardous
chemicals and materials, halving the
proportion of untreated wastewater and
substantially increasing recycling and safe
reuse globally
6.a By 2030, expand international cooperation 1 Not
and capacity-building support to developing included
countries in water- and sanitation-related
activities and programmes, including water
harvesting, desalination, water efficiency,
wastewater treatment, recycling and reuse
technologies
11.6 By 2030, reduce the adverse per capita 1-3 3
environmental impact of cities, including by
paying special attention to air quality and
municipal and other waste management
12.3 By 2030, halve per capita global food 1-3 Not
waste at the retail and consumer levels and included
reduce food losses along production and
supply chains, including postharvest losses
12.4 By 2020, achieve the environmentally 1-3 2
sound management of chemicals and all
wastes throughout their life cycle, in
accordance with agreed international
frameworks, and significantly reduce their
release to air, water and soil in order to
minimize their adverse impacts on human
health and the environment
12.5 By 2030, substantially reduce waste 1-3 2
generation through prevention, reduction,
recycling and reuse
12.6 Encourage companies, especially large 1-3 Not
and transnational companies, to adopt included
sustainable practices and to integrate
sustainability information into their
reporting cycle

and sanitation and SDG 14: Life below water are found to have a direct
influence in Thacker et al. (2019), but only have links of low and/or
medium importance in this study.

Our results are also in line with research on the contribution of solid
waste management to the SDGs. Hannan et al. (2020) find that reuse and
recycling policies have a significant potential for job creation and pro-
vide other economic benefits. Similarly, they show that standardized
waste management can prevent the spread of infectious disease. As
mentioned before, our study also emphasized the synergies with SDG 8:
Decent work and economic growth and SDG 3: Good health and
well-being as those of highest importance. Moreover, the arguments
Hannan et al. (2020) provide regarding links to SDG 11: Sustainable
cities and communities are consistent with the arguments provided by
the stakeholders in our study. Specifically, these concern air quality
improvement through the eradication of open burning practices, which
is one of the PAMs that is expected to improve quality of life in cities. In
addition, reduced waste pollution and more efficient resource use im-
proves the quality of urbanization, which is an issue rapid-growing cities
often face.

Finally, our study confirms the co-benefits of transforming linear
resource cycles to circular ones on climate and industry (Wang and
Stanisavljevic, 2019) as evidenced by the positive links between NDC
PAMs and SDG 9: Industry, innovation and infrastructure. Both
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Table 5
Comparison of waste sector links to SDGs in our study and Thacker et al. (2019).

Sustainable Development Results from Thacker ~ Our results

Goal et al. (2019)

Links of low and medium
importance (—3)

2: Zero Hunger Indirect influence No links

3: Good Health and Well- Indirect influence Links of medium and high

being importance (5)

4: Quality Education Indirect influence No links

5: Gender Equality No influence No links

6: Clean Water and Links of low and medium

1: No Poverty Indirect influence

Direct influence

Sanitation importance (5)
7: Affordable and Clean No influence No links
Energy

8: Decent Work and Indirect influence
Economic Growth

9: Industry, Innovation and
Infrastructure

10: Reduced Inequalities

Links of medium and high
importance (10)

Links of medium
importance (4)

Link of low importance
-1

Links of medium and high
importance (11)

Links of medium and high
importance (9)

Direct and indirect
influence
Indirect influence

Direct and indirect
influence
Direct and indirect

11: Sustainable Cities and
Communities

12: Responsible
Consumption and
Production

13: Climate Action

14: Life Below Water

influence

Not included
Link of medium
importance (2)

Indirect influence
Direct influence

15: Life on Land Indirect influence No links

16: Peace, Justice and Strong  Indirect influence No links
Institutions

17: Partnerships for the Indirect influence Not included
Goals

Gallego-Schmid et al. (2020) and our stakeholders agree that even small
transformations towards circularity can have huge impacts on GHG
emissions.

5.2.3. Important NDC-SDG links in the waste sector

The findings of this study indicate that the biggest trade-offs of NDC
PAMs are regarding poverty and socioeconomic inequalities reduction,
emphasizing the need for a ‘just transition’ in terms of integrating
workers who would otherwise be left behind. In fact, waste sector
climate policies tend to be more vulnerable to trade-offs in developing
countries because of the potential social costs incurred by vulnerable
groups like children, women, elderly, unemployed or migrants (Kaza
et al.,, 2018), which are more prevalent in these countries. If these
informal waste pickers are not integrated in the formalization of recy-
cling schemes, then both the livelihoods of these workers and the effi-
ciency of the waste management system may suffer. The stakeholders in
our case study expressed the highest level of consensus on this issue. One
idea for addressing this trade-off is to include partnership with informal
workers within the design of specific policy proposals. For example,
informal workers may be offered special housing, health or education
benefits or the government can intervene by regulating the price of
recycling material, thus ensuring income stability for these groups (Kaza
et al., 2018). Further, examples in Kaza et al. (2018) show that gov-
ernments may address this by directly employ informal workers or
connect them to large manufacturing companies who would be inter-
ested in using the recycling material.

Despite the fact that only small share of global GHG emissions
directly stem from the waste sector, the potential of waste management
policies to contribute to climate change mitigation is significant due to
the fact that emissions are continuously increasing (IPCC, 2007) and its
links to other sectors (O’Neill, 2019). For example, a shift to circular
economy practices and material re-use would significantly impact en-
ergy sector emissions like those from virgin material extraction and
transport. Waste prevention and material re-use policies are especially
important for Small Island Developing States because of high per-capita
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infrastructure costs (Fuldauer et al., 2019). Therefore, reuse and recy-
cling policies are especially emphasized in these regions.

Future studies can benefit from the categorization of SDG links with
high, medium and low importance as links perceived to be of high
importance would be more worthwhile to study in detail. In this case
study, the link between SDG 8: Decent work and economic growth and
waste NDC PAMs were deemed of high importance. Specifically, these
describe increased resource efficiency through reduced waste produc-
tion and job creation through recycling formalization. Similarly, links
related to reduced waste production and its potential to lower the
environmental impact of cities (SDG 11: Sustainable cities and com-
munities) and increase efficiency in natural resource use (SDG 12:
Responsible consumption and production) were rated as important.
Moreover, the link to SDG 3: Health and well-being was ranked as
important because of expected reduction of respiratory diseases due to
adequate waste management. These particular links can benefit from
extra studies because they are judged to be of high importance. Last,
future studies can be rooted in the consensus analysis since links for
which there is dissensus might indicate cognitive biases or areas that
would encourage scholarly debate.

6. Conclusions

Waste policies and measures are a key part of climate change miti-
gation, yet their effects on other national policies are often unclear.
When developed in silos, policies and measures are vulnerable to policy
resistance or, even worse, regress due to conflict with existing policies.
This case study assesses the effect of NDC waste policies and measures on
the SDGs. A participatory approach was undertaken, which yielded a
tangible graph depicting quantified links in the waste sector, their
relevance in the national context of North Macedonia and their strength
in relation to one another, which embodies the main novelty of this
work. At the same time, the study created benefits for the community by
fostering dialogue and learning among participants. Our results show
that climate change mitigation policies in the waste sector have an
overwhelmingly positive effect on the SDGs. The positive effect is
strongest for SDG 8: Decent work and economic growth and SDG 3: Good
health and well-being. On the other hand, stakeholders expressed strong
consensus that there may be a negative effect on the development of SDG
1: No poverty. These findings reaffirm the importance of integrating
informal workers who might otherwise be left behind and posit circular
economy policies as most synergistic for promoting economic prosperity
while, at the same time, mitigating climate change. It is imperative that
waste be included in future nexus studies in order to study the impli-
cations of these links in more detail, especially in terms of feedback and
dynamics stemming from interconnections between the rest of the goals.

CRediT authorship contribution statement

Ema Gusheva: Methodology, Investigation, Validation, Writing —
original draft, Visualization. Vladimir Gjorgievski: Methodology,
Writing — review & editing. Teodora Obradovic Grncarovska: Vali-
dation, Writing — review & editing. Natasa Markovska: Conceptuali-
zation, Supervision, Methodology, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgement

This research was conducted within North Macedonia’s Fourth Na-

tional Communication and Third Biennial Update Report on Climate
Change under the UNFCCC (UNDP Project no. 00110592).



E. Gusheva et al.

References

Albrecht, T.R., Crootof, A., Scott, C.A., 2018. The Water-Energy-Food Nexus: a systematic
review of methods for nexus assessment. Environ. Res. Lett. 13 (4) https://doi.org/
10.1088/1748-9326/aaa9¢6. Institute of Physics Publishing.

Allen, C., Metternicht, G., Wiedmann, T., 2021. Priorities for science to support national
implementation of the sustainable development goals: a review of progress and gaps.
Sustain. Dev. 29 (4), 635-652. https://doi.org/10.1002/sd.2164.

Ament, J.M., Freeman, R., Carbone, C., Vassall, A., Watts, C., 2020. An empirical analysis
of synergies and tradeoffs between sustainable development goals. Sustainability 12
(20), 1-12. https://doi.org/10.3390/su12208424.

Anderson, C.C., Denich, M., Warchold, A., Kropp, J.P., Pradhan, P., 2021. A systems
model of SDG target influence on the 2030 Agenda for Sustainable Development.
Sustainability Science. https://doi.org/10.1007/s11625-021-01040-8.

Antwi-Agyei, P., Dougill, A.J., Agyekum, T.P., Stringer, L.C., 2018. Alignment between
nationally determined contributions and the sustainable development goals for West
Africa. Clim. Pol. 18 (10), 1296-1312. https://doi.org/10.1080/
14693062.2018.1431199.

Atteridge, A., Verkuijl, C., Dzebo, A., 2020. Nationally determined contributions (NDCs)
as instruments for promoting national development agendas? An analysis of small
island developing states (SIDS). Clim. Pol. 20 (4), 485-498. https://doi.org/
10.1080/14693062.2019.1605331.

Barbier, E.B., Burgess, J.C., 2017. The sustainable development goals and the systems
approach to sustainability. Economics 11. https://doi.org/10.5018/economics-
ejournal.ja.2017-28.

Bennich, T., Weitz, N., Carlsen, H., 2020. Deciphering the Scientific Literature on SDG
Interactions: A Review and Reading Guide, vol. 728. Science of the Total
Environment. https://doi.org/10.1016/j.scitotenv.2020.138405.

Biermann, F., Kanie, N., Kim, R.E., 2017. Global governance by goal-setting: the novel
approach of the UN Sustainable Development Goals. Curr. Opin. Environ. Sustain.
26-27, 26-31. https://doi.org/10.1016/j.cosust.2017.01.010. Elsevier B.V.

Biggs, E.M., Bruce, E., Boruff, B., Duncan, J.M.A., Horsley, J., Pauli, N., McNeill, K.,
Neef, A., van Ogtrop, F., Curnow, J., Haworth, B., Duce, S., Imanari, Y., 2015.
Sustainable development and the water-energy-food nexus: a perspective on
livelihoods. Environ. Sci. Pol. 54, 389-397. https://doi.org/10.1016/j.
envsci.2015.08.002.

Brand, A., Furness, M., Keijzer, N., 2021. Promoting policy coherence within the 2030
agenda framework: externalities, trade-offs and politics. Polit. Govern. 9 (1),
108-118. https://doi.org/10.17645/pag.v9i1.3608.

Breuer, A., Janetschek, H., Malerba, D., 2019. Translating sustainable development goal
(SDG) interdependencies into policy advice. Sustainability 11 (7). https://doi.org/
10.3390/su1102092.

Caetano, T., Winker, H., Depledge, J., 2020. Towards zero carbon and zero poverty:
integrating national climate change mitigation and sustainable development goals.
Clim. Pol. 20 (7), 773-778. https://doi.org/10.1080/14693062.2020.1791404.
Taylor and Francis Ltd.

Coenen, J., Glass, L.M., Sanderink, L., 2021. Two degrees and the SDGs: a network
analysis of the interlinkages between transnational climate actions and the
Sustainable Development Goals. Sustainability Science. https://doi.org/10.1007/
511625-021-01007-9.

Cohen, B., Blanco, H., Dubash, N.K., Dukkipati, S., Khosla, R., Scrieciu, S., Stewart, T.,
Torres-Gunfaus, M., 2019. Multi-criteria decision analysis in policy-making for
climate mitigation and development. Clim. Dev. 11 (Issue 3), 212-222. https://doi.
org/10.1080/17565529.2018.1445612. Taylor and Francis Ltd.

Cohen, B., Tyler, E., Torres Gunfaus, M., 2017. Lessons from co-impacts assessment
under the mitigation action plans and scenarios (MAPS) programme. Clim. Pol. 17
(8), 1065-1075. https://doi.org/10.1080/14693062.2016.1222258.

Collste, D., Pedercini, M., Cornell, S.E., 2017. Policy coherence to achieve the SDGs:
using integrated simulation models to assess effective policies. Sustainability Science
12 (6), 921-931. https://doi.org/10.1007/s11625-017-0457-x.

Coscieme, L., Mortensen, L.F., Donohue, 1., 2021. Enhance environmental policy
coherence to meet the Sustainable Development Goals. J. Clean. Prod. 296, 126502.
https://doi.org/10.1016/J.JCLEPRO.2021.126502.

England, M.L, Stringer, L.C., Dougill, A.J., Afionis, S., 2018. How do sectoral policies
support climate compatible development? An empirical analysis focusing on
southern Africa. Environ. Sci. Pol. 79, 9-15. https://doi.org/10.1016/j.
envsci.2017.10.009.

Fuldauer, L.I., Ives, M.C., Adshead, D., Thacker, S., Hall, J.W., 2019. Participatory
planning of the future of waste management in small island developing states to
deliver on the Sustainable Development Goals. J. Clean. Prod. 223, 147-162.
https://doi.org/10.1016/J.JCLEPR0O.2019.02.269.

Fuso Nerini, F., Sovacool, B., Hughes, N., Cozzi, L., Cosgrave, E., Howells, M., Tavoni, M.,
Tomei, J., Zerriffi, H., Milligan, B., 2019. Connecting climate action with other
sustainable development goals. Nat. Sustain. 2 (8), 674-680. https://doi.org/
10.1038/541893-019-0334-y.

Gallego-Schmid, A., Chen, H.M., Sharmina, M., Mendoza, J.M.F., 2020. Links between
circular economy and climate change mitigation in the built environment. In:
Journal of Cleaner Production, vol. 260. Elsevier Ltd. https://doi.org/10.1016/j.
jclepro.2020.121115.

Garcia, D.J., Lovett, B.M., You, F., 2019. Considering agricultural wastes and ecosystem
services in Food-Energy-Water-Waste Nexus system design. J. Clean. Prod. 228,
941-955. https://doi.org/10.1016/j.jclepro.2019.04.314.

Journal of Cleaner Production 354 (2022) 131572

Gjorgievski, V., Mihajloska, E., Abazi, A., Markovska, N., 2021. Sustainable development
goals - climate action nexus: quantification of synergies and trade-offs. Clean
Technol. Environ. Policy. https://doi.org/10.1007/s10098-021-02124-w.

Gonzales-Zuniga, S., Hohne, N., Warnecke, C., Kuramochi, T., Lui, S., Oppowa, S.,
Nguyen, A., Minh, J., Balanowski, A., Soezer, C., Diam-Valla, S., Cox, T., Cabani, H.,
von Liipke, T., Witt, M., Hoppe, P., Aschenbrenner, A., Zimmer, S., D’haen, S.,
Egbers, E.H., 2018. SCAN (SDG & Climate Action Nexus) Tool: Linking Climate
Action and the Sustainable Development Goals SCAN (SDG & Climate Action Nexus)
Tool: Linking Climate Action and the Sustainable Development Goals Contact:
Acknowledgements: We Are Grateful for Input from Gabriela Iacobuta. https://ambit
iontoaction.net/wp-content/uploads/2018/10/Methods_note_final.pdf.

Hammil, A., Hayley, P.-K., 2017. Using NDCs, NAPs and the SDGs to Advance Climate-
Resilient Development. www.ndcpartnership.org/perspectives.

Hannan, M.A., Hossain Lipu, M.S., Akhtar, M., Begum, R.A., al Mamun, M.A.,

Hussain, A., Mia, M.S., Basri, H., 2020. Solid waste collection optimization
objectives, constraints, modeling approaches, and their challenges toward achieving
sustainable development goals. J. Clean. Prod. 277, 123557. https://doi.org/
10.1016/J.JCLEPRO.2020.123557.

IPCC, 2007. Fourth Assessment Report — IPCC. https://www.ipcc.ch/assessment-report
/ar4/.

IPCC, 2021. Climate Change 2021: the Physical Science Basis — IPCC. https://www.ipcc.
ch/report/sixth-assessment-report-working-group-i/.

Kaza, S., Yao, L.C., Bhada-Tata, P., van Woerden, F., 2018. What a Waste 2.0. In: What a
Waste 2.0: A Global Snapshot of Solid Waste Management to 2050. World Bank,
Washington, DC. https://doi.org/10.1596,/978-1-4648-1329-0.

Leck, H., Conway, D., Bradshaw, M., Rees, J., 2015. Tracing the water-energy-food
nexus: description, theory and practice. Geography Compass 9 (8), 445-460. https://
doi.org/10.1111/gec3.12222.

Liu, J., Hull, V., Godfray, H.C.J., Tilman, D., Gleick, P., Hoff, H., Pahl-Wostl, C., Xu, Z.,
Chung, M.G., Sun, J., Li, S., 2018. Nexus approaches to global sustainable
development. In: Nature Sustainability, vol. 1, pp. 466-476. https://doi.org/
10.1038/541893-018-0135-8. Nature Publishing Group.

Mantlana, K.B., Maoela, M.A., Nhamo, G., 2021. Mapping South Africa’s nationally
determined contributions to the targets of the sustainable development goals. Nat.
Resour. Forum 45 (1), 3-17. https://doi.org/10.1111/1477-8947.12213.

Nilsson, M., Griggs, D., Visbeck, M., 2016. Map the interactions between sustainable
development goals. Nature 534, 320-322. https://doi.org/10.1038/534320a.

Northrop, E., Biru, H., Lima, S., Bouye, M., Song, R., 2016. Examining the Alignment
between Intended Nationally Determined Contributions and Sustainable
Development Goals. https://www.wri.org/research/examining-alignment-between-i
ntended-nationally-determined-contributions-and-sustainable.

O’Neill, K., 2019. Linking wastes and climate change: bandwagoning, contention, and
global governance. Wiley Interdisciplinary Reviews: Clim. Change 10 (2), e568.
https://doi.org/10.1002/WCC.568.

Piacentino, A., Duic, N., Markovska, N., Mathiesen, B.V., Guzovié, Z., Eveloy, V.,

Lund, H., 2019. Sustainable and cost-efficient energy supply and utilisation through
innovative concepts and technologies at regional, urban and single-user scales.
Energy 182, 254-268. https://doi.org/10.1016/J.ENERGY.2019.06.015.

Pinkse, J., Kolk, A., 2012. Addressing the climate change-sustainable development nexus:
the role of multistakeholder partnerships. Bus. Soc. 51 (1), 176-210. https://doi.
org/10.1177/0007650311427426.

Powell, J.T., Chertow, M.R., Esty, D.C., 2018. Where is global waste management
heading? An analysis of solid waste sector commitments from nationally-determined
contributions. Waste Manag. 80, 137-143. https://doi.org/10.1016/j.
wasman.2018.09.008.

Pujara, Y., Pathak, P., Sharma, A., Govani, J., 2019. Review on Indian Municipal Solid
Waste Management practices for reduction of environmental impacts to achieve
sustainable development goals. In: Journal of Environmental Management, vol. 248.
Academic Press. https://doi.org/10.1016/j.jenvman.2019.07.009.

Ranjbari, M., Saidani, M., Shams Esfandabadi, Z., Peng, W., Lam, S.S., Aghbashlo, M.,
Quatraro, F., Tabatabaei, M., 2021. Two decades of research on waste management
in the circular economy: insights from bibliometric, text mining, and content
analyses. J. Clean. Prod. 314 https://doi.org/10.1016/j.jclepro.2021.128009.

Rodi¢, L., Wilson, D.C., 2017. Resolving governance issues to achieve priority sustainable
development goals related to solid waste management in developing countries.
Sustainability 9 (3). https://doi.org/10.3390/5u9030404.

Shockley, K., 2018. Sustainable development goals and nationally determined
contributions: the poor fit between agent-dependent and agent-independent policy
instruments. J. Global Ethics 14 (3), 369-386. https://doi.org/10.1080/
17449626.2019.1569087.

Thacker, S., Adshead, D., Fay, M., Hallegatte, S., Harvey, M., Meller, H., O’'Regan, N.,
Rozenberg, J., Watkins, G., Hall, J.W., 2019. Infrastructure for sustainable
development. Nat. Sustain. 2 (4), 324-331. https://doi.org/10.1038/541893-019-
0256-8, 2019 2:4.

Wang, X., Stanisavljevic, N., 2019. Can waste management be hailed as a climate change
mitigation leader? Waste Manag. Res. 37 (Issue 12), 1181-1182. https://doi.org/
10.1177/0734242X19888349. SAGE Publications Ltd.

Yedla, S., Park, H.S., 2009. Co-benefit as an approach to align climate change concerns
with national development objectives: solid waste management. J. Mater. Cycles
Waste Manag. 11 (2), 123-129. https://doi.org/10.1007/510163-008-0234-0.


https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1002/sd.2164
https://doi.org/10.3390/su12208424
https://doi.org/10.1007/s11625-021-01040-8
https://doi.org/10.1080/14693062.2018.1431199
https://doi.org/10.1080/14693062.2018.1431199
https://doi.org/10.1080/14693062.2019.1605331
https://doi.org/10.1080/14693062.2019.1605331
https://doi.org/10.5018/economics-ejournal.ja.2017-28
https://doi.org/10.5018/economics-ejournal.ja.2017-28
https://doi.org/10.1016/j.scitotenv.2020.138405
https://doi.org/10.1016/j.cosust.2017.01.010
https://doi.org/10.1016/j.envsci.2015.08.002
https://doi.org/10.1016/j.envsci.2015.08.002
https://doi.org/10.17645/pag.v9i1.3608
https://doi.org/10.3390/su1102092
https://doi.org/10.3390/su1102092
https://doi.org/10.1080/14693062.2020.1791404
https://doi.org/10.1007/s11625-021-01007-9
https://doi.org/10.1007/s11625-021-01007-9
https://doi.org/10.1080/17565529.2018.1445612
https://doi.org/10.1080/17565529.2018.1445612
https://doi.org/10.1080/14693062.2016.1222258
https://doi.org/10.1007/s11625-017-0457-x
https://doi.org/10.1016/J.JCLEPRO.2021.126502
https://doi.org/10.1016/j.envsci.2017.10.009
https://doi.org/10.1016/j.envsci.2017.10.009
https://doi.org/10.1016/J.JCLEPRO.2019.02.269
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1016/j.jclepro.2020.121115
https://doi.org/10.1016/j.jclepro.2020.121115
https://doi.org/10.1016/j.jclepro.2019.04.314
https://doi.org/10.1007/s10098-021-02124-w
https://ambitiontoaction.net/wp-content/uploads/2018/10/Methods_note_final.pdf
https://ambitiontoaction.net/wp-content/uploads/2018/10/Methods_note_final.pdf
http://www.ndcpartnership.org/perspectives
https://doi.org/10.1016/J.JCLEPRO.2020.123557
https://doi.org/10.1016/J.JCLEPRO.2020.123557
https://www.ipcc.ch/assessment-report/ar4/
https://www.ipcc.ch/assessment-report/ar4/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
https://doi.org/10.1596/978-1-4648-1329-0
https://doi.org/10.1111/gec3.12222
https://doi.org/10.1111/gec3.12222
https://doi.org/10.1038/s41893-018-0135-8
https://doi.org/10.1038/s41893-018-0135-8
https://doi.org/10.1111/1477-8947.12213
https://doi.org/10.1038/534320a
https://www.wri.org/research/examining-alignment-between-intended-nationally-determined-contributions-and-sustainable
https://www.wri.org/research/examining-alignment-between-intended-nationally-determined-contributions-and-sustainable
https://doi.org/10.1002/WCC.568
https://doi.org/10.1016/J.ENERGY.2019.06.015
https://doi.org/10.1177/0007650311427426
https://doi.org/10.1177/0007650311427426
https://doi.org/10.1016/j.wasman.2018.09.008
https://doi.org/10.1016/j.wasman.2018.09.008
https://doi.org/10.1016/j.jenvman.2019.07.009
https://doi.org/10.1016/j.jclepro.2021.128009
https://doi.org/10.3390/su9030404
https://doi.org/10.1080/17449626.2019.1569087
https://doi.org/10.1080/17449626.2019.1569087
https://doi.org/10.1038/s41893-019-0256-8
https://doi.org/10.1038/s41893-019-0256-8
https://doi.org/10.1177/0734242X19888349
https://doi.org/10.1177/0734242X19888349
https://doi.org/10.1007/s10163-008-0234-0

	How do waste climate policies contribute to sustainable development? A case study of North Macedonia
	1 Introduction
	2 Literature review
	2.1 Sustainable development goals interconnections
	2.2 Solid waste management and climate action

	3 Materials and methods
	3.1 Method description
	3.2 Method justification
	3.3 Data collection
	3.4 Method limitations

	4 Results
	5 Discussion
	5.1 Is there any use in linking Nationally Determined Contributions to the Sustainable Development Goals? Reflections on ap ...
	5.1.1 Political support as a benefit
	5.1.2 Policy coherence as a benefit
	5.1.3 Benefits for policy implementation
	5.1.4 Barriers and drawbacks of NDC-SDG linkage

	5.2 How do waste sector climate policies impact sustainable development? Takeaways from the case study and comparison to ex ...
	5.2.1 Takeaways for the Macedonian context
	5.2.2 Comparison to existing literature
	5.2.3 Important NDC-SDG links in the waste sector


	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


