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Carbon Accounting Explained to Drive Renew-
able Energy Transition and Decarbonisation of 
Mediterranean Cities

Greenhouse Gas Inventories are consolidated 
methodologies for monitoring trends of nations in 
compliance with the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories (IPCC 2006). Applications 
have also been implemented at the subnational scale. 
The Siena Carbon Free project (Bastianoni et al. 2016), 
referring to the area of the Province of Siena (Italy), has 
combined the expertise of three entities: the University 
of Siena performs the greenhouse gas inventory on 
yearly bases; an independent Certification authority 
validates the monitoring outcomes; the Monte dei Paschi 
di Siena Foundation currently supports the project and 
promotes the local Climate Alliance involving public 
administrations, private companies and citizens. Based on 
outcomes from the Greenhouse Gas Inventory, mitigation 
measures for decreasing emissions have been promoted 
including: decreasing of energy demand through a 
monitoring campaign of residential heating systems in 
order to avoid energy waste; increasing renewable energy 
through approving procedures for small size Photo Voltaic 
(PV) systems and an additional incentive fund of 2million 
euros, besides the national ones (since 2008, 70MW PV 
systems have been installed with an estimated investment 
of around 25M euros). Moreover, two additional issues 
concern strengthening of existing geothermal cogeneration 
plants and the optimization of the waste management 
system with the installation of a waste-to-energy plant. 
The total electricity demand is currently supported by

renewable energy, generated within the Province of 
Siena (92.2% geothermal; 4.2% PV, 3.6% waste). Due 
to these accomplished best practices, the Province of 
Siena is an ISO14064 certified Carbon Neutral area since 
2011, meaning that greenhouse gas emissions within the 
Province are fully compensated by the carbon uptake of 
local ecosystems.

As demonstrated in Siena, the inventories of greenhouse 
gas emissions at sub-national level can be powerful tools to 
address choices, especially concerning the energy sector, 
and plan climate actions. The methodology estimates the 
emissions of carbon dioxide (CO2), methane (CH4) and 
nitrous oxide (N2O) by multiplying inventory data by the 
specific emission/removal factors per unit. All greenhouse 
gas emissions other than CO2 are transformed into CO2 
equivalents (CO2-eq), using 100-year Global Warming 
Potentials (GWPs) published in the IPCC 5th Assessment 
Report (IPCC, 2013). Similarly, carbon accounting 
procedures have been recently applied at the city scale. A 
decarbonisation scenario for the historical centre of Siena 
has been studied, hypothesizing a full transition to electric 
systems supplied by renewable sources (Marchi et al. 
2018).  The policies make it possible to significantly reduce 
emissions in the short term, in compliance with landscape 
constraints and requirements for heritage conservation, 
and to achieve a condition of carbon neutrality and full de-
carbonization in the long run. According to the estimated 
scenario, the electricity demand for building heating 
and cooling, based on heat pump systems, lighting and 
electric mobility, would be potentially fully supported by 
the installation of PV panels on available flat roofs, just 
outside the historic centre (Marchi et al. 2018). 

The experience of Siena has inspired a number of 
initiatives in European cities. In particular, within the 
framework of the EU FP7 City-Zen project (2014-2019), 
a series of workshops, namely City-Zen Roadshows, have 
been conducted in Belfast (UK), Izmir (TR), Dubrovnik 
(HR) (van den Dobbelsteen et al. 2018), Menorca (ES), 
Sevilla (ES) (Pulselli et al. 2018), Roeselare (BE).  The 
experience of Siena has inspired a number of initiatives 
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Figure 1: Virtual road sign of the Siena Carbon Free project of the Province of 
Siena, ISO14064 certified carbon neutral area since 2011.



in European cities. In particular, within the framework 
of the EU FP7 City-Zen project (2014-2019), a series 
of workshops, namely City-Zen Roadshows, have been 
conducted in Belfast (UK), Izmir (TR), Dubrovnik (HR) 
(van den Dobbelsteen et al. 2018), Menorca (ES), Sevilla 
(ES) (Pulselli et al. 2018), Roeselare (BE). Conceived as 
open on-site living labs, these initiatives include 

participatory design processes involving international 
experts on city energy transition and urban design, together 
with local stakeholders. The workshops aim at assessing 
the impact of neighborhoods in terms of greenhouse gas 
emissions and evaluating site-specific mitigation scenarios 
in order to promote and kick-off de-carbonisation plans of 
the hosting cities. In particular, within the limited time-
frame of 4 days (presenting the results on day 5), the city 
and the selected district are visited, studied and provided 
with solutions over a wide range of aspects. Results also 
include the carbon footprint measurement of a typical 
household in the neighborhood (around 7 t CO2-eq/yr 
per household as European average) that, if represented 
in terms of forestland grabbing, corresponds to an area 
covered by forests to absorb the emission of about 0.4 ha, 

equivalent to a football field. Saying that each household 
should have a backyard forest of the surface of a football 
field works well to raise the audience attention on the matter 
as reactions often showed us. This graphical approach 
contributes to drive the participative process during labs, 
raise awareness among administrators and citizens and 
proactively support initiatives for de-carbonisation of 
contemporary cities.
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Figure 2: Map of available flat roofs for solar panel installations in Siena that 
would fully supply the transition to electric systems of the historical centre (ref. 

Marchi et al. 2018). 
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