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1 ABSTRACT

Sustainable Energy Action Plan (SEAP) is the kegudment in which outlines how it intends to reach it
CGO, reduction target by 2020. It defines the actigitend measures set up to achieve the targetshévget
with time frames and assigned responsibilities. B\®v to orient cities toward a low carbon soci&ipger
lasting investment decisions and organisationahgéa will be necessary.

In this conttext, the overall objective of CitinEEsiropean project is to design and demonstrate t-suale
multi-energy decision-making tool to optimise theergy efficiency of cities to support the cities the
developemnt and monitoring of their SEAP. To achi#vs goal, innovative energy system modelling and
optimization algorithms were designed to allow esdss to optimize and monitor their energy strategy
through detailed simulations of local energy prditun; storage, transport, distribution and consuompt
including demand side management and coordinatinctibnalities enabled by smart grid technologies.

This paper presents the study case of the munitgipal Cesena. This municipality, as a partner loé t
project, has implemented its SEAP under the toasgess the impact of the measures taken undarakeve
scenarios and monitor its activities to validate tteveloped software. The different measure adojoted
reduce the COemissions and energy consumption together witih@ease of the energy efficiency and use
of renewables are such as increase of the greas,anerease of the use of cogeneration, renovafitine
building or the promotion the use of PV and thersmhr panels.

2 INTRODUCTION

In March 2007, the European Union (EU) endorsethtagrated approach to climate and energy poliay th
aims to combat climate change and increase the Ed#iergy security while strengthening its
competitiveness. The policy committed Europe tagfarming itself into a highly energy-efficient afav
carbon economy. To kick-start this process, thesétUa series of climate change and energy targdis t
met by 2020, namely the so-called 20-20-20 targeieast 20% reduction of greenhouse gas emissions
below 1990 levels, 20% energy consumption to coroenfrenewable resources and 20% reduction in
primary energy use compared with projected lewelbge achieved by improving energy efficiency [1].

In this context, the key challenges for SmarteSitand Communities are to significantly increaseaverall

energy efficiency of cities, to exploit better tloeal resource both in terms of energy supply ai ase
through the demand side measures. This will impéy/use of energy efficiency measures optimisinipeat
level of districts, the use of renewables, theanability of urban transport and the needed drastiuction
of greenhouse gas emissions in urban areas — vettmunomically acceptable conditions - while ensyfor

citizens better life conditions: lower energy hilswifter transport, job creation and as a consecgie
higher degree of resilience to climate impacts. (@an heat islands effects) etc.

Local governments manage or oversee all city digssziand city development, they play a central inle
determining the energy and carbon emissions piafireir cities. They also have direct accesshturt
citizens and are best placed to know their needg@imfluence their behaviour. Sustainable Enekggon
Plan (SEAP) is the key document in which outlinegfit intends to reach its CO2 reduction targe2Bg0.

It defines the activities and measures set up tege the targets, together with time frames arsigaed
responsibilities [2].

Over the past decade a variety of attempts have tn@ele at developing a holistic decision-making toat
will assist cities in developing urban energy ggats by helping them to assess how well they ameictly
performing (in terms of energy security and affdnitity and greenhouse gas emissions) and allowhegnt

to evaluate energy strategies - bundles of eneegyadd reduction measures energy efficiency andhgsupp
measures — with respect to tcheir impacts in teofgncrease in energy security, reduction in carbon
emissions and their capital and operational cdltsr cost savings and the ownership of those casts
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savings as well as the payback periods of the gaac&ach development has originated from a pdaticu
discipline and has typically been an extensiorh&ourban energy system as a whole of tools spdoifilcat
discipline [3-5].

The software tool developed within CitinES will cither the urban energy system as a whole. It will
provide its user with the possibility to assess financial risk and environmental impacts of a loroa
spectrum of measures ranging from the reductioengfrgy demand, the production and transformation of
energy, its distribution and storage as well asapgmization of the whole energy system thankshe
communication of its sub-components.

3 METHODOLOGY

CitinES methodology is driven by supply-demand be¢amethodologies used by Transmission Systems
Operators and has been adapted to a more locaxt¢6it7]. It can be divided into the following p&e

3.1 Characterization of the energy demand by usage arigtpe of consumer
The first step is to characterize the consumentypy (old/new apartment buildings, offices, hotéland by
usage (space heating, water heating, lighting...jsTfollowing data should be collected:

e Urban planning: number of buildings of a given typeean number of inhabitants by building,
specific industries description...

e Transport: description of public transport, statsbn mobility...

« Energy use measurement (at city or district lefgdpssible by type of contract and with a hourly
time step)

The details of the useful data are given in thealslde definition. Then, using CitinES energy demand
profile data base, demand curves are to be prowglatgsage and type of end-user. It is indeed inapotio
split the demand curves by usage and type of comsumorder to be able to build energy demand
projections using macroeconomic scenarios.

3.2 Choice of macroeconomic scenarios for long-term ergy demand and price evolution

In this step, energy demand scenarios (typicalty2@20, 2030 and 2050) will be constructed based on
assumptions about long-term evolution scenari@nefgy demand by usage and consumers type.

* World macroeconomic models (for instance World BgeDutlook from IEA or scenarios from
European Climate Foundation, see www.tsp-data-porgafor a detailed inventory), which also
generate correlated energy prices

e Local context evolution: urban planning, evolutioh GDP by sector, forecast of population
growth...

These scenarios give typically the annual energyg@mption for a given type of consumer and usagey, o
a period of 40 years.

3.3 Definition of studied energy strategies and charaetization of energy generation mix and
transmission networks

Once the energy demand scenarios are built, thestep is to define a set of energy strategiegudys
Following data have to be specified for each enstmtegy:

« the forecast energy mix for each usage and typeonfumer i.e. the proportion of each energy
carrier (electricity, gas, heat, wood, fuel...) usada given usage

* local energy generation and storage system: P\$,cethste-to-energy, cogeneration, geothermal
energy, heat from industry process...

e transmission and distribution networks (electris,cheat, cold)
* demand side management : building insulation, gneificiency or smart grids
* public transport policies : for instance electrieahicles introduction
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3.4 Definition of uncertainty scenarios (temperature, vind, solar radiation, outages, power market
prices...)

The evaluation of energy strategy depends on leng-tenergy price and demand scenarios, but also on
short-term uncertainties scenarios (temperatuned vgolar radiation, outages, power market prices...)

Test cases with a hourly granularity over a yedrlva built, crossing local historical data (forstance for
weather) with CitlnES data base. Typically, 10 @0 ltest cases (yearly time series with an hourly
granularity) will be used for strategy evaluation.

3.5 Scenario simulation

To assess an energy strategy, CAPEX is computeaptignizing local generation and storage capacity to
face the demand but also includes required eneeqwank CAPEX costs, while OPEX and fuel costs
evaluation is obtained by minimizing costs to mgbchduction and demand, taking into account te@inic
and operational energy system constraints. Optiinizdakes also into account existing and poteetiergy
generation from renewable energy sources. Finalbllutant emissions are evaluated including direct
emissions generated from local energy systemsratigect emissions generated from grid energy supply
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Fig. 1: CitInES software overview — Cesena study case

4 CESENA - STUDY CASE

Cesena belongs to the Emilia-Romagna region ohtinthern Italy and is situated ca. 15 km away ftbm

Adriatic coast. Together with Forli, Cesena is tagpital of the Forli-Cesena province that contaias

378.000 inhabitants and 30 Municipalities. Ceségelfihas a population of ca. 97.500 inhabitantisst(3
December 2011).

Due to its proximity to many important towns (swh Bologna, Rimini, Firenze and Ancona), Cesena has
an important role as a transport hub and is aegficlly significant logistical point in Italy (Bogna airport
and railway station, harbours of Ravenna and Ancdnaaddition, some strategic national routes fBss
Cesena.

Cesena has a long established tradition as a agfrmanufacturing, specialized in the agro-indassector.

In comparison to other manufacturing fields, théster has grown considerably over the last decade.
industrial and demographic pressures require akieavof approach to the challenge of energy efficie
and environmental impact. There are wide marginsrmprovement in terms of a sustainable approach to
energy consumption and efficiency.
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4.1 Energy networks

Electric grid: Cesena has an extensive medium gel&ectric network supplying the residential, sEnand
industrial sector with a total energy consumptidramund 490 GWh [8]. Specific information aboug th
high and medium voltage is available together whithlocation for the electric substations for highdium
and medium-low voltage. The total length of thec&le network at high and medium voltage is aro606
Km of electric lines where 14 Km are high voltagg [

Natural gas grid: To the municipality of Cesenaohgk an extensive grid for the distribution of makwas
supplying the residential, service and industreadtsr which supplies around 920 GWh of energy T8le
total length of the gas distribution network pipisgaround 750 km. Specific information about thetenial
of the pipeline, diameter, length and type togethi#gn connection points to the buildings and dizition for
each pipeline is available for the Municipality@ésena [10]

Heating and cooling grid: In the municipality of $&ma are existing six district heating networksveeing
heat to residential and service buildings. Spedifiormation about the distribution of the pipebne
connection points to the buildings and the insthibapacity is available. The total length of thetritit
heating network is 11 Km of pipelines. Base loagrizvided by the CHP plants located in the partthef
town called “lppodromo” and “Buffalini” (inauguradein 2012). An absorption machine is connectedéo t
CHP installed at Buffalini providing cooling foreahhospital “Ospedale Murizio Buffalini”. The remaig
district heating grids are micro-grids driven bysdaoilers which are connected to 19 gas boilerd wit
thermal capacity of 21.7 MWt with an annual therena¢rgy production of around 15529 MWht [11-12].

4.2 Building sector

Technical information about the characteristicsatmn and activities developed for the residentiatvice
and industrial buildings of the Municipality of Gem is.

Residential Sector (RS): The residential secton witotal surface of 2.73 km2 represents aroun&4bé of
the total built surface of the municipality. Forchaesidential building the year of constructidre tocation
and if it is use also use for additional purposest(of the building is use for commercial acted) is
available [13]. Around 11% of residential buildingee classified as High Efficiency buildings witheegy
consumption less than 50 KWh/m2/a, around the 3386 Medium Efficiency buildings with energy
consumption between 50 - 200 KWh/m2/a and arourtb 2 Low Efficiency building with energy
consumption higher than 200 KWh/m2/a [14-15]. ThenMipality of Cesena does not have specific
information related to the share of the electrigityd heat consumption by end use. However, statisti
national level were considered as assumptionsh&calculations [16].

Service Sector (SS): The service sector with d sotdace of 1.197 km2 represents around 24% ofdtad

built surface of the Municipality [13]. Each buihdj is classified according to its main activity fiour

categories: commercial, tertiary, service and 8tiari Commercial buildings include activities swshshops,
tertiary cover office building, service comprisé thle public activities such as school and towistvers
restaurants and hotels. Most of the buildings ailented to commercial activities representing atb@6%.

Service activities, related with the public aciegt such as school, accounts with around one 2¥all\;

the rest of the surface is designated for servntktaurist activities.The Municipality of Cesenaedchave
specific information related to the energy consuampby end use for the service sector. Howeveipnat
statistics are available about this issue [17].

Industrial Sector (IS): The industrial sector wattotal surface of 1.09 km2 represents around 28¢ @f the
total built surface of the Municipality [13]. Eadbuilding is classified according to its main adivi
according Eurostat classification following the AT& code which is register for each industry of the
Municipality of Cesena. The main economic actigtege oriented to wholesale, retail and repairebficies

and motorbikes or manufacture of metal product @pkanachinery and equipment) and represent around
86%. Agriculture sector and the production machjiraerd transport equipment for it which suppose adou
the 8% of the total. Construction sector represatgs relative high share with around the 2.5%. The
Municipality of Cesena accounts only with aggregatdistics about the energy consumption by fuehan
overall industrial sector [8]. However, nationabtsgtics are available about the share for the fuel
consumption for each industrial activity [18].
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4.3 Local energy production and green areas

Photovoltaic panels: The Municipality of Cesena carts with several photovoltaic installations for
electricity production. For each installation thedtion, surface, power capacity together withytsar of the
connection to the grid is available. The totatalied capacity is around 40 MWp with an averadiiehcy

of 14% [19].

Wind Turbines: The Municipality of Cesena accounith a group of wind turbines installed in the Rarc
Educativo Sperimentale delle Energia AlternativESEA). The installed power capacity is 40 kW whach
estimated energy production of 50 MWh considerig§QLhours of operation per year [20].

Hydropower plant: The Municipality of Cesena acdsuwith a small hydropower plant with a production
capacity of 0.3 MW and a nominal production of G@/h of electric energy [21].

Biogas: The Municipality of Cesena produce biogathe waste which treated in the in the compogtiagt
in Busca and the local water treatment plant witetér is use for the electricity production. Theattic
installed capacity for the plant is respectivelpQ&W and 330 kW [22].

Green areas: Municipality of Cesena accounts wafaidinformation about the location and surfacetef
green areas. Its total surface is a round 4162 ktxaevare almost the totality are forest, around®6#, and
rest are Park and Gardens

4 .4 Indicator

The Municipality of Cesena has defined severaldaidirs to monitor its energy strategy action plemis
action plan has three main pillars: reduction of2C€mnissions, increase of the use of renewable gnerg
sources and increase of the energy efficiency.ofuotly these objectives, five main key performance
indicators (KPIs) has been selected to measuriengh&ct of the:

¢ CO, Emissions (kton)

¢ Reduction of C@emissions (%)

e Primary energy consumption (ktep)

* Energy efficiency improvement (reduction of primamnergy consumption) (%)
e Share of locally produced renewable energy (%)

5 SCENARIOS

Several scenario states of the local energy sysieGesena have been study. They are used to aasgss
compare the pollutant emissions, renewable enamyugtion and energy efficiency of the city, indiwith
the 20-20-20 objectives, in the past, current ojgated situation of the territory.

5.1 2020 SEAP Scenario - Reference Scenario

This scenario is based on the current state ofnieegy sector in Cesena and the goals collectdwiSEAP
of the city. This configuration was composed o&thparts:

e “2010 real”: snapshot of the city’s situation in120 This node consists in the reference situaton f
SEAP.

e 2012 real”: snapshot of the city’s situation in120
e “2020 SEAP”: situation in 2020 if target is reactiedall SEAP actions.

5.2 2020 Projected Scenario

The monitoring process aimed at collecting dataualtoe current situation of the city regarding SEAP
actions advancement. This data was used to creptejected situation of the territory in 2020 if SE
implementation keeps a constant pace.

In this scenario, except for SEAP actions impleragon, it was considered that everything in thealoc
energy system has stayed the same as in 2010 ddr@fresents a “theoretical” current situatiorthef
territory which is in line with the covenant of ntads guideline.
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Based on this representation of the current s@oathe projection of the situation in 2020 if ttgthm of
action implementation stays the same was asse3sedreate 2020 Projected scenario, the following
projecting rules were used:

« Alinear projection is used, assuming that the detign rate of the action is linear between 2010
and 2020: If 10% of the action has been reach@®12, 50% will be reach in 2020

« If the rate exceeds 100% in 2012, the 2012 rateps for 2020; it is therefore assumed that thellev
reached in 2012 is also reached in 2020 (the a@wagiat of action does not decrease), but that the
advancement of the actions stops in 2012.

» If the projected rate exceeds 100% in 2020, thé/d fdte is kept for 2020; it is therefore assumed
that unless the SEAP is reviewed, the targetstidracare not exceeded.

5.3 2020 Alternative Scenario

Based on the analysis of actions effectivenessdegathe cost of the ton of G@mission avoided and on
the assessment of potential new actions, an atieen2020 scenario is built up. This scenario agms
reducing Cesena global costs while keeping the sadaction of CQ emissions in 2020 as the ones
targeted in the SEAP, to make this objective edsiezach.

The actions effectiveness is mainly assessed ubmgndicator of the cost of the ton of €@mission
avoided, including subsidies for the city such aesedfin tariffs. Fig. 2 shows the application ofsthi
methodology to measures adopted in the SEAP togeilie some additional more.

Abatment cost k€/t CO2

182 159

. - .

-148

-46

227 -189

-330 -330
-417
Hydropower CHP Green Applicances Renovation PV Efficiency PV Illumination | electricbus  bicycles
energy
Energy | Residential sector ‘ Industrial sector ‘ Transport

Fig. 2: Abatement cost for several measures

Based on these results shows in Fig. 2, the foligwhodifications were included in the 2020 Alteivat
scenario (compared to the current SEAP scenario):

« Reduction of the cogeneration implementation rhy{B6%6 of the SEAP target)
* Keep the importation of Green Energy at the 204211€3.6 GWh)
* Increase in the installation of solar panels (delBEAP target)
« For all other actions, the targets of the SEAP ke unchanged.
Furthermore, three new additional measures hasitleatified and included in this alternative scémar
* Replacement of diesel and gasoline buses by elextas
« Installation of public bikes that reduces the usprivate cars
* Increase in hydro power plant production

5.4 Summary of the Scenario

Table 1 summarizes the different actions takerachef the analyzed scenarios: 2020 SEAP Scer2rif)
Projected scenario and 2020 Alternative scenario.
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2020 SEAP

2020 projected

2020 alternative

Green areas

Inc. in 160 ha

Inc. in 164.75 ha

m&6Kh.75 ha

Red. of lighting & appliances com
in residential sector

PRed. of 11 GWh

Red. of 11 GWh

Red. of 11 GWh

Cogeneration

146 GWht + 102 GWhe

110 GWht + 21 GWhe

73 GWht + 61 GWhe

Renovation of the buildings

18% Residential sector

18% Residential sector

PV Panels

61 MWp installed

61 MWp installed

102 MiNgtalled

Red. of public illumination

Dec. of comp. in 50%

Dec. of comp. in 50%

Red. of electric
in the Industrial Sector

comy

“Inc. of the eff. in 6% Inc. of the eff. in 3% Inaf the eff. in 6%

Green Energy Purchase 22 Gwhe Purchase 18 Gwhe haider8.6 Gwhe

Buses replacement 50% of diesel and gasolisesbu

Public bikes Red. of 3% of private cars use

Hydro power plant Inc. in 50% of the production

Sceanrios for the energy sector of Cesena up to 2020

6 RESULTS AND DISCUSSION

6.1 Energy and environmental impacts

Table 2 shows the impact in terms of energy consiom@and CQ emissions of the measure in each of the
proposed scenarios.

2010 2020 202_0 2020 '
SEAP Projected Alternative
CO;, Emissions (kton) 435 361 398 351
Reduction of C@emissions (%) 17% 9% 19%
Primary energy consumption (ktep) 217 168 193 163
Energy efficiency improvement (%) 8% 4% 14%
Share of local renewable energy (%) 2,6% 8% 7,4% % 12

Table 2: Enegy and G@mission impact for the scenarios

In all the scenarios proposed, there is an imprevenm terms of energy performance, use of renesvahd
reduction of C@emissions. In fact the 2020 projected scenatiws|dss ambitious scenario which considers
that the rhythm of action implementation staysshme was assessed, achieves a reduction of 9%l&nd 1
in the in the C@emissions and the primary energy consumption cosap@ 2010. Especially interesting is
the increase of the share of the local renewalbdeggnwvhich grows from a 2.6% in 2010 to 7.4% in @02
mainly due to increase of the installed capaciti?\éfpanels.

The additional measures including in the 2020 SEéé¢hario produces an improvement of all the indrsat
compared with the 2020 projected scenario. Althotigh share of renewables is only slight bettewben
both scenario, an important improve in the enefffigiency produce in 2020 SEAP scenario a significa
decrease of the GQOemissions and the primary energy consumption. dhepresent 17% and 22%
respectively compared with 2010 and double of tmprovements compared with the 2020 projected
scenario.

Finally, the 2020 Alternative scenario gets thetdreimpact in terms of energy efficiency and £O
emissions. In this scenario the improvements imsein CQ emissions are slightly better than for the 2020
SEAP scenario. This is because the increase ohgtalled capacity of PV panels which compensage th
impact of other measures which could produce arease of the C£emissions such as the reduction of the
cogeneration in 50% or the reduction of the gremergy purchase to the grid. This measure not oaly h
impact in terms of C@emissions also explain the improvement in thecimtdir related to the energy
consumption and efficiency.
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6.2 Economic impacts
The analysis of economic impacts is based on ihdkeators:

* Investments are considered annualized, with anabz#iion rate of 7.25%. They were obtained
from the study of similar actions lead in Europel @jive an order of magnitude of the necessary
investments.

« Annual energy savings cost refer to the total energsts saved within the city (producers,
consumers and imports costs), including subsidies.

* The global net value represents the total savirighe city, adding annualized investments and
annual energy savings.

Table 3 shows the economic impact for the scenalmoall the scenarios the adopted measures regrase
decrease of the annuals energy savings cost whRirtity. Nevertheless, in spite of 2020 SEAP ada02
Projected scenarios have lower investment cost aoedpto the 2020 Alternative scenario, this sceniari
the only one where the global net value is profgdiom the economic point of view.

2010

2020
SEAP

2020
Projected

2020
Alternative

Investments (M€)

27

18

38

Annual energy savings cost (M€)

-20

-10

-41

Global net value (M€)

7

8

-3

Table 3: Ecomical impact for the scenarios

It is important to note that the evaluation of aatinvestment costs has been done with generalusatg
examples of already executed projects, those coais thus differ from local costs that Cesena should
benefit.

7 CONCLUSIONS

This paper presents the study case of the munityipal Cesena. This municipality, as a partner fué t
project, has implemented its SEAP under the toasgess the impact of the measures taken undarakeve
scenarios and monitor its activities to validate tteveloped software. The different measure adojoted
reduce the COemissions and energy consumption together witih@ease of the energy efficiency and use
of renewables. The methodology employed is drivgrsiipply-demand balance methodologies used by
Transmission Systems Operators and has been adagtadore local context.

Several scenarios have been presented and anatysédch different measures are adopted focus @ th
following objectives: increase the use of renewarlergy sources, the energy efficiency and redti€0g
emissions. The 2020 SEAP scenario represents thentstate of the energy sector in Cesena anddaks
collected in the SEAP of the city. Based on therantr situation of the city, the 2020 projected sc&n
reflects the projection of the situation in 202ahé rhythm of action implementation stays the savae
assessed. Finally, the 2020 Alternative scenasdauilt on focus on the analysis of actions effesiess
regarding the cost of the ton of g@mission avoided and on the assessment of pdteatiaactions.

In all the scenarios proposed there is an improwerneterms of energy performance, use of renewabtk
reduction of CQ emissions. In fact the 2020 projected scenariesléss ambitious scenario achieves a
reduction of 9% and 11% in the in the £@missions and the primary energy consumption coedpt
2010. In the 2020 SEAP scenario only a slight impment in the share of renewable is achieve cordpare
to the 2020 Projected scenario. In this scenagodicrease of the G@missions and the primary energy
consumption is 17% and 22% compared with 2010 hadlouble of the improvements compared with the
2020 projected scenario. Finally, the 2020 Altam@ascenario gets the better impact in terms ofgne
efficiency and C®@emissions which is mainly due to higher capacistalled of PV panels compared with
the rest of scenarios. Additionally, this scenavas the only one where the global net value isifaule.

The future work will be oriented to assess the ichd additional measures such as the integratforew
measures such as the increase of micro-wind twslaind the development of new scenarios.
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