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Abstract

In 2013, the Municipality of Grosseto in Italy became a member of the Covenant of Mayors,
fulfilling its Sustainable Energy Action Plan (SEAP) by the year 2020. By 2022, the Municipality
redffirmed its commitment to the Covenant of Mayors by launching the Sustainable Energy and
Climate Action Plan (SECAP), which aims for new goals: a 40% reduction in greenhouse gas (GHG)
emissions by 2030 compared to 2008 levels, and achieving carbon neutrality, meaning negative
net emissions, by 2050. This case study outlines Grosseto’s pathway to decarbonization. The SECAP
begins with the elaboration of a Baseline Emission Inventory (BEI), which in this case derives from
the combination of two accounting methods: 1) the Intergovernmental Panel on Climate Change
(IPCC) guidelines; and 2) the Global Covenant of Mayors methodology. Combining these two
methods gives policymakers a deeper understanding of the sources of emissions and the
perspective of final users. The second step of SECAP is the preparation of the mitigation plan, which
will identify measures for optimizing policies to prevent and compensate for GHG emissions. The
third step involves systematic monitoring to validate these policies and gradually engages a wide
range of stakeholders in an Alliance for carbon neutrality. The experiment aims to promote
environmental awareness through enhanced knowledge.
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1. Introduction

In 2007, leaders of the European Union set forth the main objectives for the 2020 Climate-Energy Package,
which aimed for a 20% reduction in greenhouse gas (GHG) emissions, a 20% boost in energy efficiency, and
a 20% increase in energy production from renewable sources. The following year, during the second
Sustainable Energy Week (EU, 2008), the EU launched the Covenant of Mayors, a voluntary initiative aimed
at bringing local entities together to achieve the goals of the 2020 Climate-Energy Package. This effort was
carried out through the implementation of a Sustainable Energy Action Plan (SEAP). The European
Commission launched in 2014 the Mayors Adapt project to encourage cities to respond to climate change
adaptation. Their two initiatives were consolidated into one the same following year (2015) leading to the
Covenant of Mayors for Climate and Energy which meant equal attention both to mitigation and strategies
for climate change adaptation (EU,2015). In 2016, the Covenant of Mayors for Climate and Energy was
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joined by the Compact of Mayors, established a few years prior in the United States (UN 2014). Following
this partnership, the Global Covenant of Mayors for Climate & Energy (GCoM) was created (2019). The
initiative’s focus is on three key areas established at the regional level: 1) mitigation of climate change; 2)
adaptation to the adverse impacts of climate change; and 3) ensuring universal access to secure, clean, and
affordable energy. The local authorities that wish to become a part of GCoM should then develop a
Sustainable Energy and Climate Action Plan (SECAP).

1.1.Case study background

In 2013, the Municipality of Grosseto in Tuscany (central Italy) became a member of the Covenant of Mayors
and began working on its Sustainable Energy Action Plan (SEAP). By 2022, the municipality decided to build
on the technical and administrative framework set by the Covenant of Mayors by reviewing the actions taken
and creating a new management tool called the Sustainable Energy and Climate Action Plan (SECAP). The
SECAP has enabled the Municipality to pledge a reduction in GHG emissions of 40% by 2030 in comparison
to 2008 (reference year) levels, allowing for the current environmental condition to be identified and future
interventions to be planned (Grosseto, 2024). The long-term objective of the local Administration is to
achieve Carbon Neutrality (i.e., negative net emissions) by 2050. To achieve this goal, the Municipality plans
to implement a series of strategic policies designed to mitigate emissions, adapt to climate change, and
compensate for any residual emissions.

The drafting of the SECAP and the related monitoring inventories was entrusted by this public organization to
the Ecodynamics Group of the University of Siena. The partnership began during the 2019-2021 triennium to
produce tools to support the elaboration of territorial GHG emission reduction policies in key economic
sectors, namely electricity generation and use, transport, heating, waste, and forestry (Marchi et al., 2023).

This case study aims to demonstrate the progress made by a public administration in reducing greenhouse
gas emissions and addressing climate change.

2. Material and Methods

Each SECAP includes a Baseline Emission Inventory (BEI) of the reference year, as well as climate risk and
vulnerability assessments, which are key to informing strategic decisions (Neves et al., 2016).

The BEI serves as the foundation of the SECAP, identifying priority areas for action. This case study BEl is based
on the combination of the two accounting methodologies:

1) the Municipality-Scale GHG Inventory, which has been compiled following the Intergovernmental Panel
on Climate Change (IPCC) guidelines, represents a standardized approach that is valid at the
international level and is one of the most widely used (IPCC, 2006, 2019). It provides a perspective on
emission sources (Sporchia et al., 2023);

2) the Global Covenant of Mayors for Climate and Energy methodology, which is focused on the final user’s
perspective (GCoM, 2019).

These two accounting methods combined enable informed decisions on climate action to be made at the
local level.

Furthermore, the SECAP includes the programming of a mitigation plan, which means the measures and
actions that the municipality will implement to mitigate its climate impact and to compensate for what
emissions remain, thus participating in global climate change efforts.

The effectiveness of the implemented mitigation strategies is monitored and assessed through the regular
compilation of monitoring emission inventories. This constant tracking allows results to be continuously
updated, and progress to mitigate against GHG emissions-cutting targets to be measured, creating a dynamic
and responsive approach to tackling climate change.

ISOCARP " 63*ISOCARP

1965 WORLD PLANNING WORLD PLANNING
2024 CONGRESS CONGRESS

~th DIAM

P REINVENTING THE
OO0 ANNIVER

(IN)VISIBLE CITIES

8-12 OCTOBER 2024 | SIENA | ITALY




Marchi, M.; Nocentini, E.; Tropea, F.; Tonielli, A.;

Marchettini N.; Pulselli, F.M.

The Sustainable Energy and Climate Action Plan
(SECAP) design and development: the case
study of the Municipality of Grosseto (Italy)

The incorporation of all the human activities typically excluded from the survey (e.g. Industrial Processes and
Product Use (IPPU) and Agriculture, Forestry, and Other Land Use (AFOLU)) enhances the potential for GHG
emission reduction and facilitates stakeholder involvement (Sporchia et al., 2023).

3. Results and Discussion

3.1.BEl and GHG monitoring of the Municipality of Grosseto

In 2008 (baseline or reference year) the Municipality of Grosseto recorded gross GHG emissions amounting
to 462,103 t of carbon dioxide equivalent (CO,eq). The removals, amounting to 69,329 t COeq, were found
to be lower than the gross emissions, resulting in a net accumulation of 392,773 t CO,eq in the atmosphere.
This scenario indicates a balance with an emission removal of approximately 15%.

Table 1 shows the historical series (2008, 2017-2022) of GHG emissions and highlights key sectors
responsible for emissions reduction. Particularly, the analysis of these temporal changes points out the
sectors where the greatest emissions reductions have been achieved and where actions need to be
strengthened (Sporchia et al., 2024).

Table 1. Historical series of GHG monitoring by the Municipality of Grosseto: 2008 (Baseline), 2017-2022.

» 2008 2017 | 2018 | 2019 2020 | 2021 2022 Variation
Human activity (BASELINE)
(2008-2022)
t CO2eq
ENERGY 403,754 | 331,493 | 340,468 | 349,751 | 284,940 | 350,524 | 349,021 -13.6%
Transport 198,860 | 188,184 | 194,227 | 216,628 | 189,298 | 208,748 | 206,796 |  4.0%
Heating 62,496 | 59,388| 61,418| 58,805| 55444| 56,549|  52,459| -16.1%
Combustion for 14,667 | 7,608| 11,244| 8476|  7,672| 6,886 6,140  -58.1%
Industrla| activities
Waste-to-energy plant 10,108| 8,629| 10,688 10,608| 3,757| 8,301 2,670 -73.6%
Electricity imported 112,030 | 57,648| 52,557| 45,015| 20,014| 61,716|  72,835| -35.0%
from the grid
Anaerobic digestion 145| 3,142| 3,138 3,106| 2,519| 2,488 2,432| 1,582.5%
Fugitive emissions 5447| 6,894| 7,196| 7,113 67237| 5836 5689|  4.4%
INDUSTRIAL
PROCESSES AND 0 0 0 0 0 0 0 —
PRODUCT USE (IPPU)
WASTE 22,175 | 18,344 | 19,548 | 18,870 | 15591 | 16,202 | 17,524 -21.0%
Landfil 19,638 | 15,790| 17,015| 16,194 | 13,114| 13,781 14,615|  -25.6%
Composting plants 401 428 420 543 517 590 959 139.2%
Selection plants 1,083| 1,278| 1,296 1,185 999 859 741  -31.5%
Wastewater treatment 1,054 847 817 948 961 972 1,209 14.8%
AGRICULTURE,
FORESTRY AND OTHER | 36,173 | 45,722 | 41,748 | 38,119 | 33,803 | 31,436 | 29,948 -17.2%
LAND USE (AFOLU)
Carbon oss 7,323| 10621| 7323| 4561 4,585 4957 5752|  -21.5%
(harvesting, fires)
Urea use 416 356 279 168 180 174 55|  -86.9%
Enteric fermentation 19,049 | 24,016| 22,740 23,044| 18583| 18,126| 17,149 -10.0%
Manure management 2,674 3,500 3,875 3,700 2,954 2,462 2,442 -8.7%
Nitrogen addiction to 5078| 4925| 5779 4979| 4679| 3,590 2,495 |  -50.9%
the soils
Wetlands 424 522 522 522 411|411 41|  -3.0%
Rice cultivation 1129| 1694| 1,144| 1,057 895 201 209|  -81.5%
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Aquaculture 80 87 87 87 80 80 0 -100.0%
Land use change 0 0| 401,764 0 1,436 1,436 1,436

GROSS EMISSIONS 462,103 | 395,559 | 401,764 | 406,740 | 334,334 | 398,162 | 396,493 -14.2%
UPTAKE -69,329 -67,600 | -67,550 | -67,551 | -71,326 | -70,888 | -70,888 2.2%
NET EMISSIONS 392,774 | 327,959 | 334,214 | 339,189 | 263,008 | 327,274 | 325,605 -17.1%
:Eiii’ﬂ:ﬁ: 15.0% 17.1% 16.8% 16.6% 21.3% 17.8% 17.9%

In particular, the Municipality recorded an overall reduction in gross emissions of 14.2%, which can be
attributed to a few factors:

- the decrease in heating consumption due to building energy efficiency and renewable resources
exploitation (-16.1%);

- the adoption of more efficient technologies, the modernization of production processes, and the use
of less polluting energy sources in industrial activities (-58.1%);

- the increase in local electricity production from renewable/alternative resources and the reduction
of local consumption of the energy imported from the national grid (-35%);

- an increase in waste recycling and material reuse practices (-21%);

- an emission reduction in the AFOLU sector due to an improvement in manure management and the
nitrogen distribution to agricultural soils from the application of fertilizers and crop residues (-17.2%).

Conversely, the reduction of transport emissions necessitates the implementation of sustainable urban
mobility policies, which should encourage a reduction in the overall number of vehicles on the road, while
simultaneously improving engine efficiency and reducing dependence on fossil fuels.

3.2.Pathway for the GHG emissions mitigation plan development

The procedure for identifying the environmental policies to be included in the SECAP Mitigation Plan of
the Municipality of Grosseto has commenced with an exhaustive analysis of all emission sources and their
intensity. The hotspots have been identified, covering more than 95% of cumulative emissions.

Once the major emission sources have been identified, the focus has shifted to the identification of
potential stakeholders to whom policies should be addressed. The identification of stakeholders is of
paramount importance to target tax and regulatory benefits at specific final user classes.

The Italian municipalities that have joined the Covenant of Mayors and that have published an Action Plan
for achieving their GHG emission reduction targets were identified. From the Action Plans identified in the
literature, a list of the main actions implemented has been extracted, with the policies divided into sectors
or areas of intervention. Furthermore, experiences from other territories at the international level have
been analyzed to gain a broader understanding of successful mitigation strategies (EU, 2024).

The environmental action proposals were selected by a methodical step-by-step process in collaboration
with the technical staff of the municipal Administration. Each proposed action was subjected to a rigorous
examination to ascertain its practical feasibility and compatibility with local resources (e.g., data
availability, implementation capacity, political consistency, and economic feasibility).

The main criteria that have informed the selection of policies to be incorporated into the SECAP are as
follows:
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- the coherence of the policies planned in the SECAP with the missions reported in the Single
Programming Document. This guarantees that the actions are integrated into a long-term strategic
vision, coordinated with other planned interventions, avoiding duplication and wasted resources;

- the possibility of giving a comprehensive economic report of the activities undertaken. Transparency
and traceability of actions allow for continuous and accurate evaluation of the effectiveness of
policies. Detailed reporting is essential for internal monitoring, but it is also needed to communicate
the results achieved to citizens and funders.

3.3.The mitigation actions

The mitigation actions, outlined in Table 2, have been selected for the SECAP and have been developed to
reduce GHG emissions by 40% compared to 2008 levels. The action plan foresees a reduction of at least
97,000 t COzeq by 2030, compared to the average values for the period 2017-2019. This ambitious plan
includes 21 different strategic actions involving various sectors and activities:

1) Energy Renovation of Public and Private Buildings

The policies E1-E6 are designed to enhance efficiency and curtail consumption in public and private
buildings. One of the principal planned interventions is the thermal retrofitting of constructions, which
includes the installation of insulating windows. Another key is replacing old heating systems with modern
ones (condensing boilers, heat pumps, central heating). Also, low-energy electronic equipment and lighting
(such as LEDs) are urged. These not only use less energy but are also longer lasting and therefore operate
with a lower running and maintenance cost.

2) Energy Efficiency and Renovation of Public Lighting

Policy L1 replaces the old lighting infrastructure with LED lighting, to improve energy efficiency and reduce
environmental impact. It will be used to make public lighting more up-to-date and will also have a
significant impact on energy use and longevity of the devices.

3) Production of Electricity from Renewable Resources

Policies R1 and R2 are concerned with producing electricity from renewable resources. They have twofold
objectives: the installation of photovoltaic systems on public buildings and the promotion of photovoltaic
technology among private citizens and businesses. The objective of these policies is to encourage the
adoption of renewable energy sources, promoting energy self-sufficiency.

4) Sustainable Mobility

Policies T1-T8 focus on ensuring infrastructure for sustainable mobility and on actions to minimize the use
of personal cars. Among the many aspects of these policies is encouraging people to use bicycles for
transportation to work, school, and recreational destinations. Moreover, charging stations for electric
vehicles help the change to a greener fleet with support from adequate infrastructure and buying
incentives. Besides this, the introduction of electric public transport, with improved services to make urban
buses more accessible and attractive to people is also planned. The "30 km/ha Zones", as well as Limited
Traffic Zones (LTZ) and pedestrian areas, are introduced to curb the traffic in the cities and consequently
reduce road accidents and improve air quality. The policies also encourage work from home, which can
substantially reduce traffic congestion as you don’t have to commute daily anymore.

5) Waste Management

Policies W1-W3 focus on sustainable waste management. That encompasses a series of programs and
initiatives aimed at reducing, reusing, and recycling materials, to minimize landfill disposal.
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6) Conservative/Organic Farming Techniques
Policies A1-A3 encourage local production ("km 0") and promote agronomic practices focused on
conservation and organic farming. This is done to support the local economy, reduce environmental
impact, and improve the quality of food products.

7) Tree planting
The F1 policy entails the planting of native trees within the municipal area, to remove carbon dioxide (CO3)
from the atmosphere and adapt to climate change (extreme heat and the reduction of heat islands in urban
environments).

8) Communication
The S1 policy emphasizes the dissemination of knowledge and the involvement of communities in climate
mitigation actions. Through awareness campaigns targeted at citizens, service sector operators, and
businesses, the policy seeks to encourage the adoption of sustainable behaviors and the implementation
of efficient technologies.

Table 2. Summary of mitigation actions (The values of saving/increase and COzeq reduction are calculated
concerning the average of the period 2017-2019 or the last years with data availability).
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Local .
a . . . electricity Av? |(3Ied
# Environmental policy Savings/Increase production emissions
MWhe, t COzeq

E1 Recjluctic?n of gle.ctricity consumption for 18,262 MWhe avoided \ 2,759
residential buildings

£ ReductiF)n of electricity consumption in 3,496 MWhe avoided \ 1,168
the tertiary sector

£3 Redyction of electricity consumption in 1271 MWhe avoided \ 424
the industry
Replacement of window frames in public

E4 | buildings (pentagonal hall, locker room in -13 MWhr. avoided \ -3
the sports hall)
Energy efficiency of the building stock - .

E5 Energy Performance Certificate (EPC) 29,759 MWhr.avoided \ -5,960
EPC — Residential buildings -27,703 MWhr. avoided \ -5,549
EPC — Commercial buildings -2,055 MWhrt. avoided \ -412
Boilers and heat pumps -2,676 MWhr avoided \ -510

E6 | More efficient boilers -1,884 MWhr. avoided \ -483
Heat pumps -792 MWhr. avoided \ -26

L1 LED street lighting -3,819 MWhe. avoided \ -1,276

R1 Photovoltaic panels currently installed \ 94,320 -31,501

R2 Installatign of new photqvoltaic panels to \ 41,521 13,867
cover residual consumption
Cycle paths -101 km avoided/car \ -801

1 Using cycle paths to get to work -8 km avoided/car \ -65
Using cycle paths to go to school -0,44 km avoided/car \ -4
Using cycle paths to go to the sea -92 km avoided/car \ -732

T2 |30km/haZone -347 km avoided/car \ -3,893

T3 | Limited Traffic Zones (LTZ) -61 km avoided/car \ -687

T4 | Smart working -546,260 km avoided \ -80

T5 Increase in pedestrian areas -876,47 km avoided/car \ -8

T6 | Electric city buses -210,55 tdiesel avoided 594 -682

T7 | Replacement of vehicle fleet owned by -101,230 km avoided \ -17
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the Municipal Administration
Renev.val of 'private vehicle fleet with \ 38,868 27,887
electric vehicles
Gasoline -2,054 t gasoline avoided 8,931 -6,572

T8 Diesel -6,148 t diesel avoided 27,446 -19,901
Liquefied Petroleum Gas (LPG) -274 t LPG avoided 1,384 -842
Natural gas _200 tnaturalgas 1,107 572

avoided

W Waste management -17,760 t waste avoided \ -4,762

Wi Increase in separate collection of organic 475,89 twaste added \ 43
waste

W2 Reduct/on. of undifferentiated waste in 7427 twaste avoided \ 677
the selection plant

W3 | Reduction of landfill disposal -10,808 t waste avoided \ -4,128

A Conservative/organic farming techniques 956 ha added \ -1,048

A1 CO: sequestr.at/on (Reduced tillage in 474 ha added \ 427
croplands with temporary forage)
CO: sequestration (Crop residues in the

A2 . . . 370 haadded -420
fields, cultivated with cereals) aadde \

A3 CQz sequestration (Grassing in croplands 112 ha added \ 201
with tree crops)

F1 | Planting 2 ha of oak forest 2 haadded \ -36

s1 A'warer'less: involvement, and Unquantifiable \ Unquantifiable
dissemination

TOTALE 214,170 -97,367

@ E = Energy efficiency; R = Renewable energies; L = Public lighting; T = Transport; W = Waste; A = Agriculture; F =
Forests; S = Other.

Figure 1 shows the contribution of specific actions to achieving the 2030 target. In particular, the
contributions due to the implementation of renewable energies (R1 and R2; 46.6%), mobility actions (T1-
T8; 35%), and energy efficiency of buildings (E1-E6; 11.1%) are relevant. The implementation of actions
aimed at sustainable waste management (W) contributes to the achievement of the 4.9% reduction target.
Sustainable agricultural practices (A) and the upgrading of public lighting (L1) each provide a marginal
contribution of approximately 1%.
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F1; 0.04%

E2; 1.2%

A; 1.1% E3;0.4%
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T4; 0.1%7 !
13;0.7%_/12; 4.0%
T1; 0.8%

MEl WE2 WE3 "E4 mES WEG WLl mR1IWR2ET1 mT2
ET3 mT4uTS5oT6 " T7 nT8 mW mA mFl mS1

Figure 1. Percentage contribution of actions to 2030 target.

The target set for 2020 with the SEAP has been met, yet it is imperative to implement a comprehensive
plan of policies to achieve the ambitious goal set for 2030 with the SECAP (Figure 2).

BASELINE (2008) 392774 SEAP OBJECTIVE:
AVERAGE (2017-2019) EEENEY] 20% reduction by 2020

E1 A compared to the Baseline
E2 329 860
£ EFEXED ‘@ Objective
£4 EFEYER] Achieved
ES EYENYE]
E6 EYFIETE]
1 321 688

F R1 290,187

2 R2 276,320

‘g T1 275519
ip) 271,627
T3 270,940
T4 0.860
T5 0
T6 0,170
T7 0
8 42 266
w 237,504

A FE SECAP OBJECTIVE:
F1 236.421 ' } ' 40% reduction by 2030
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 compared to the Baseline

tCOeq . o
@ . Objectiveto
Achieve

Figure 2. Simulation of GHG emission reductions through the mitigation plan

4. Conclusion

The proposed decarbonization plan is founded upon robust scientific knowledge, and it is anticipated that
it will serve as a model for replication in different territorial contexts. The plan provides for the involvement
of different components and actors in urban planning:

1) A science-based contribution to the adaptation/improvement of the GHG inventory methodology and
its practical application at the local level, through external support from the University of Siena;

i W
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2) Anorganizational contribution of the city’s technical managers to the implementation of the plan and a
progressive involvement of all possible stakeholders;

3) An active role of the Grosseto City political institutions in the design and development of the strategies
within the framework of the program (from the formal signing of the Covenant of Mayors to the
approval of environmental measures and policies to be implemented).

The proposed experiment demonstrates a method to spread environmental awareness and responsibility
through improved knowledge and research outcomes. Such insights can be translated into tangible
strategies and measures that directly or indirectly benefit urban infrastructure, activities in the productive
sector, citizens, and ultimately the entire territory. This establishes a framework for the formation of an
Alliance for carbon neutrality between diverse actors.
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