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Challenges and Opportunities

The SEFARI Gateway Waste Emissions Science Advisory Group has undertaken a comprehensive
review of methodologies used for estimating and forecasting greenhouse gas emissions across
Scotland!. This analysis spans various technologies including landfill, anaerobic digestion and
composting, waste incineration, and wastewater treatment. As Scotland aims to meet stringent
environmental targets, ensuring these methodologies are accurate, adaptable, and comprehensive is
crucial. This report outlines current practices, assesses their effectiveness, identifies strengths,
highlights weaknesses, and proposes enhancements aimed at improving precision and utility for policy

applications.

Zero Waste Scotland (ZWS) Model

The ZWS model is instrumental in establishing
baselines for policy analysis and assessing compliance
with waste management policies. However, it has
limited flexibility, making it challenging to incorporate
new types of environmental data or quickly adapt to
fast-changing environmental policies.

Enhancing the ZWS model's adaptability to include
newer, diverse types of data streams and updating its
interface to be more user-friendly would widen its
access, enabling non-technical stakeholders to make
informed decisions. Improving this tool with the
capability to simulate multiple future scenarios could
provide policymakers with a spectrum of potential
outcomes, helping to improve robust decision-making
processes.

Landfill Emissions — Methane Emissions from
Landfill Model (MELMod)

While MELMod effectively supports national inventory
requirements, it struggles with the incorporation of novel
data regarding waste composition and the specifics of
local environmental conditions, which significantly
influence methane generation. The MELMod approach
can be advanced with the integration of localised
environmental data and real-time analytics to make the
tool more responsive to regional landfill management
needs and environmental policy changes.

Such developments could transform MELMod into a
pivotal tool for the devolved regions, enabling targeted
strategies for methane management that align with
national greenhouse gas reduction commitments.

Anaerobic Digestion

Anaerobic digestion offers significant opportunities for
managing organic waste by converting it to biogas and
digestate, providing renewable energy and valuable soil
amendments. However, the existing lifecycle inventories
used to model these processes often fail to reflect recent
technological advancements and shifts in operational
practices, leading to inaccuracies in energy output and
emissions estimates.

To address these shortcomings, there is a critical need to
update both AD and composting models. For anaerobic
digestion, this involves integrating contemporary
technological and operational data, along with
implementing continuous data flow. Such enhancements
would improve the precision of energy production forecasts
and better quantify the environmental impacts, making
these models more reliable for policy-making and strategic
planning,

Waste Incineration

In Scotland, waste incineration operates under the
Waste-to-Energy (WtE) model, serving two primary
functions: reducing landfill dependency by minimising
waste volume and generating energy through
combustion. Currently, emissions from this process are
categorised within the Energy sector. However, this
classification can oversimplify the environmental
impacts associated with WtE facilities, which
simultaneously manage waste and produce energy. The
existing models often do not adequately distinguish
between emissions resulting from the waste reduction
process and those generated during energy recovery.
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This lack of specificity can lead to assessments that do
not fully capture the complex dynamics of WtE
operations, potentially skewing policy evaluations and
public understanding of their environmental footprint.
To enhance the accuracy of these assessments, it is
crucial to refine modeling approaches to distinctly
account for the different sources of emissions within
WHE processes. By clearly separating the emissions
attributed to waste processing from those derived from
energy production, policymakers will gain a clearer
insight into how these facilities contribute to both waste
management and energy generation goals. Such
improvements in emission categorisation will support
more informed decision-making as Scotland advances
towards its sustainability targets.

Wastewater Treatment

Traditional models of emissions from wastewater
treatment processes are overly simplistic and fail to
reflect the complexities and variability inherent in
modern wastewater treatment operations. These models
typically do not account adequately for advances in
treatment technologies that can significantly alter
emission profiles.

For example, innovations in biological treatment

processes or chemical usage can dramatically affect the
production of methane and nitrous oxide, both potent
greenhouse gases. There is a clear need to enhance these
models by integrating detailed, process-specific data that
captures the dynamic operations typical of contemporary
Scottish wastewater treatment plants. This would involve
updating the models to include variables such as real-time
monitoring of influent characteristics, operational
parameters, and the efficiency of various treatment stages.

Additionally, incorporating predictive analytics could
enable water treatment facilities to anticipate changes in
waste loads or treatment efficiency and adjust operations
proactively to minimise emissions.

ertainties

Core uncertainties across all methodologies stem
from the integration of rapidly evolving data and

adapting to policy shifts. Accurate forecasting
requires methodologies that are robust yet flexible
enough to handle changes in both technological
landscapes and regulatory frameworks.

Waste Report 2025 | 2



Improving Waste Emissions

Forecasting

To improve Scotland’s waste emissions
forecasting, and particularly to model the impact
of policy interventions on downstream waste
emissions effectively, several strategic
improvements are necessary:

1. Enhanced Data Integration: Improving the ZWS
model to integrate more comprehensive and up-to-date
data sources, including real-time waste generation and
disposal data, could significantly enhance its
forecasting accuracy. This would allow the model to
reflect current trends and changes in waste
management practices more accurately.

. Scenario Planning Tools: Incorporating tools
for scenario analysis into the ZWS model could
enable policymakers and planners to test various
waste management strategies and their potential
impacts on emissions. This feature would help in
understanding the long-term effects of policy
decisions and in planning for sustainable waste
management.

. User-Friendly Interface: Developing a more
intuitive and user-friendly interface for the ZWS model
would make it accessible to a broader range of users,
including non-experts. This improvement would
facilitate wider engagement in waste management
planning and decision-making processes.
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4. Advanced Analytical Capabilities:
Integrating advanced analytical capabilities, such as
machine learning algorithms and predictive analytics,
could improve the model’s ability to forecast future
waste scenarios based on historical data. These
technologies could also help identify patterns and
insights that may not be apparent through traditional
analysis methods.

. Cross-Sectoral Impact Assessment:
Developing mechanisms for linking data across
different sectors such as energy, agriculture, transport
and waste management to provide a holistic view of
environmental impacts. This integrated approach
would help in understanding how changes in waste
management policies affect other sectors and vice
versa.

. Stakeholder Engagement:
Implementing platforms for greater stakeholder
engagement in the modelling process will ensure that
the models address all relevant concerns and benefit
from diverse insights, enhancing their relevance and
applicability.

. Feedback Mechanisms:
Implementing feedback mechanisms within the model
to continuously update and refine forecasts based on
new data and outcomes could improve the reliability
and relevance of predictions.

Adapting MELMod to include more site-specific
data such as local climate conditions, landfill
design, operational practices, and waste
composition can improve the accuracy of methane
emission forecasts. This would allow the model to
account for variables that significantly impact the
rate of organic decomposition and methane
generation.

Integrating more complex decay functions that
consider multiple stages of waste degradation
could provide a more accurate representation
of methane production over time. These
functions could reflect changes in microbial
activity levels, moisture content, and other
environmental factors affecting decay rates.

Implementing dynamic feedback mechanisms
within MELMod could help simulate the
impacts of various intervention strategies, such
as enhanced leachate recirculation or gas
collection efficiency improvements. By
modelling these interventions' effects on
methane emissions dynamically, policymakers
could better assess potential mitigation
strategies.

Coupling MELMod with GIS technology could
enable spatial analysis of landfill sites, considering
geographic variability in factors like soil type,
topography, and proximity to water bodies. This
integration could lead to more localised and thus
more precise methane emission estimates.

Applying machine learning algorithms to historical
data collected from landfill sites could help identify
patterns and predict future trends in methane
emissions more accurately.

Enhancing MELMod to conduct scenario analyses
under different waste management policies and
practices could aid in strategic planning. For
example, simulating the long-term effects of
diverting certain types of waste from landfills to
recycling or composting facilities could inform
decisions about resource allocation and policy
development.
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Key Recommendations

1. Enhance Data Integration and Model
Flexibility:
Update the ZWS model to integrate a broader
range of real-time data sources, including
advancements in waste processing technologies
and changes in environmental policy drivers.
This will allow the model to reflect current
trends more accurately and adapt quickly to
new regulatory environments.

2. Implement Advanced Analytical Tools:
Incorporate advanced analytical tools such as
machine learning algorithms and predictive
analytics into models like MELMod. These
tools can enhance the ability to forecast
methane emissions from landfills by analysing
patterns in historical data and predicting future
trends based on those insights.

3. Develop Scenario Planning Capabilities:

Integrate scenario planning tools into the ZWS
model to enable policymakers to simulate
various waste management strategies and their
potential impacts on emissions. This feature
would be instrumental in evaluating the
effectiveness of different policy interventions
and understanding their long-term effects on
Scotland’s waste management landscape.

4. Expand Inter-Sectoral Linkages in Emission
Modelling Across All Sectors:
Develop comprehensive models that explore
inter-sectoral linkages across waste
management, energy production, transportation,
and agriculture sectors. By integrating these
sectors within a unified modelling framework,
policymakers can assess how interventions in
one area, such as improvements in AD
technology or enhancements in wastewater
processing, influence emissions reductions and
energy efficiencies in other sectors.

Conclusions

* A detailed review by the SEFARI Gateway
underscores the urgent need for methodological
advancements in the estimation and forecasting
of waste emissions within Scotland.

By adopting cutting-edge technologies and
fostering robust, data-driven
methodologies, Scotland can significantly
refine its waste management strategies,
better achieve its environmental targets, and
set a robust example for sustainable waste
management globally.

It is recommended that a working group with
key stakeholders is established in Scotland to
build and implement these suggestions for
improved models, enabling accurate
forecasting of emissions from waste.
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