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12 ABSTRACT

13 This paper presents an economic and energy feasibility analysis of a renewable energy system 

14 for a small city in southern Italy to convert it to zero greenhouse gas city by 2030. The 

15 proposed energy infrastructure utilises different technologies: wind turbine, photovoltaic 

16 panels and biogas cogeneration plants to produce electric energy, and thermal solar panels, 

17 cogeneration and heat pumps to meet the thermal energy demand of the city. The 

18 electrification of transport sector is also considered. The whole city energy system is analysed 

19 by the EnergyPLAN software to evaluate streams combination and potential synergies 

20 between the different sectors. In order to improve the analysis, PhotoVoltaic technology has 

21 been simulated in TRNSYS environment, to obtain detailed prediction of this component of 

22 the energy infrastructure. The system behaviour was analysed considering different time 

23 bases: daily, weekly and yearly. The EnergyPLAN outputs include the aggregated yearly 
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24 production and demands of all modelled energy conversion systems, as well as hourly values 

25 useful to identify the measures to make Altavilla Silentina nearly zero carbon city. Every 

26 measure identified becomes a new input in EnergyPLAN to evaluate its effect on city energy 

27 balance. The economic analysis has been performed to evaluate the electricity and thermal 

28 energy costs. 

29 KEYWORDS

30 Smart Energy Systems, Smart City, Energy Planning, Renewable Energy, TRNSYS, 

31 EnergyPLAN.

32 1. INTRODUCTION

33 In Europe, a number of municipalities and public bodies have already adopted integrated 

34 urban approaches to energy saving, for example by developing and implementing the 

35 Sustainable Energy Measures Plan (SEAP), proposed under the Covenant of Mayors initiative 

36 [1]. These plans need to be updated every five years in order to take in account the 

37 development of new regional and local energy plans and strategies [2]. In fact, Member States 

38 have to encourage municipalities and other public bodies to adopt integrated and sustainable 

39 energy efficiency plans with clear objectives, to involve citizens in their development and 

40 implementation, and to adequately inform them about their content and progress in achieving 

41 objectives [3]. Indeed, the urban dimension is crucial due to the fact that 70% of the world 

42 population will be living in urban areas by the next 40 years [4].

43 Future energy solutions must be developed locally based on sustainable and realistically 

44 achievable plans, that must be tailored to the local context, perspective, needs and constraints 

45 such as:

46 • Specific territorial characteristics and climate conditions;
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47 •Current and forecasted end user’s demands in locations with sufficiently high 

48 population/activity densities, and in the proximity of energy sources;

49 • Opportunities to further develop the energy infrastructure, as well as the integration of 

50 highly efficient cogeneration plants;

51 • Availability of Renewable Energy Sources;

52 • Availability of waste heat sources at urban and industrial level (waste heat from 

53 incineration, power plants and other industrial facilities, sewage networks, transportation, 

54 aquifers, etc.) . 

55 The analysis of the territory is important to design new energy systems that can convert cities 

56 in to zero or nearly zero greenhouse city. A city can be defined as “zero greenhouse” when 

57 the CO2 production is zero [5], in other words when the energy production system is a 

58 renewable energy system. 

59 Examples of possible 100% renewable cities have already been reported in literature [6-12; 

60 28]. One of the most interesting is represented by the Danish city of Frederikshavn [6] The 

61 energy demand of the city is satisfied by off-shore wind plants, district heating supplied by 

62 heat recovery of thermal waste and by low-temperature geothermal heat pumps [7]. The 

63 authors of this study outline a scenario for the transition of Frederikshavn’s energy supply 

64 from predominantly fossil fuels to locally available renewable energy sources. The scenario 

65 includes all aspects of the energy demand in Frederikshavn, such as electricity demand, 

66 thermal energy demand, industrial energy demand as well as the energy demand for 

67 transportation. 

68 For Aalborg Municipality in Denmark [8], the possibilities to enable the city to become 

69 independent from fossil fuels have been investigated, through a combination of low-

70 temperature geothermal heat, wind power and biomass. The results of the analyses show that 

71 it is possible to cover the city energy needs through the use of locally available energy sources 
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72 if additional significant electricity and heat savings measures are combined with fuel 

73 substitution in the transport sector.

74 Climate change and energy security are imposing also for the city of Hong Kong to shift from 

75 a fossil based to a clean and low-carbon energy structure, as proposed in [9] where the present 

76 energy structure of the city is examined, and alternative future sustainable energy strategies 

77 are analysed. The Hong Kong government has planned to import more nuclear power from 

78 mainland by 2020, however this will not be possible in the near future due to Fukushima 

79 nuclear accident. In [9] an alternative scenario based on a more extensive use Renewable 

80 Energy Sources proposed to replace nuclear power. The results show that both scenarios can 

81 achieve the targeted carbon reduction, however, RES present better results in terms of 

82 environmental, social benefits and long-term sustainability.

83 Another interesting study of zero carbon energy system, one large scale, has been presented 

84 by Dominkovic et al. [10], who analyse the steps necessary for a transition of South East 

85 Europe Regions to a 100% renewable energy system by 2050. The countries interested by this 

86 study have distinct geographical features, different climates and significant differences in 

87 gross domestic product per capita; the integration of their energy systems and the search for 

88 100% renewable solution are considered to be very challenging. However, biomass has been 

89 determined to have the potential to meet the target of 100% renewable energy in all the 

90 countries considered, despite their differences.

91 Many studies focused on energy planning by using the EnergyPLAN software [13-27] to 

92 simulate the current and future territory energy balance. Despite its extensive use, EnergyPlan 

93 must be used in combination with software that can model the actual performance of the 

94 systems that use renewable energy sources, such as TRNSYS software [29], in order to 

95 perform energy balance simulations. In fact, the energy production values are input data to 

96 EnergyPLAN, and when a technology is new or not yet available on the territory, production 
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97 data must be predicted. In this case, a simulation software is needed in order to estimate 

98 energy production of the proposed technology.

99 In this work, EnergyPLAN is used to analyse the possibility for the transition of a city in 

100 southern Italy to a 100% RES by 2030, in combination with a simulation tool (TRNSYS) that 

101 can reproduce the dynamic behaviour and performance of the systems that use renewable 

102 energy sources. The whole energy infrastructure of the city is analysed by using EnergyPlan, 

103 in order to evaluate fluxes combination and potential synergies between the different sectors, 

104 while, PV technology is modelled in TRNSYS environment, in order to obtain a detailed 

105 simulation of this component of the infrastructure. These two models, coupled for the first 

106 time in this work, allow the authors to outline a new energy scenarios for the city, establishing 

107 a new methodology to carry out an analysis of the energy planning of a city.

108 The proposed approach is crucial in the development of a new RES energy system because it 

109 allows to take into account large temporal variations in energy availability of the RES systems 

110 and to design an appropriate management and control system, which is crucial for the 

111 effective use of these systems.

112

113 2. A CASE STUDY: ALTAVILLA SILENTINA

114 Geography, Climate and Population

115 Altavilla Silentina is a Municipality of Campania Region, in southern Italy (

116 Figure 1); more precisely in the province of Salerno. The City is developed along a hill 

117 characterized by different heights, from 275 m .a.s.l, where the “Saint Blaise's Door” is 

118 located, up to the 313 meters a.s.l .where the Municipal building is ubicated; the top of the hill 

119 reaches about 424 m a.s.l. [42]. 
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120 The climate is typically Mediterranean: the coldest month of the year is January with the 

121 average temperature equal to 6.8 °C and the hottest month is August with the average 

122 temperature of 24.4 °C [42]. 

123 The population trend of Altavilla Silentina from 1861 to 2011 has been estimated on the basis 

124 of the official Italian database (ISTAT) [43]. The population increases of about 100 % from 

125 the years 1921 to 1961 reaching the maximum value of 7000 inhabitants in 1961. In following 

126 years, the number of inhabitants is remained almost constant (Figure 1).

127  

128 (Insert Figure 1 here)

129

130 Industrial activities

131 According to data available from the last survey by ISTAT in 2011 [43], the number of 

132 companies in Altavilla Silentina is equal to 390.Figure 2 shows that the largest share (34%) of 

133 these companies is classified as "Wholesale and retail trade, sale of Vehicles and 

134 motorcycles". The "Construction” sector represents a significant part of the local industry, 

135 with a 15%, as well as the Manufacturing and Scientific activity (13%).

136 Figure 3 reports the number of employees for each category. According to data from the 

137 ISTAT [43], the 32% of 890 employees, about 285 employees, work in the “Manufacturing” 

138 sector and the 23% of them, about 205 employees, for " Wholesale and retail trade, sale of 

139 motor vehicles and motorcycles” category.

140

141 (Insert Figure 2 here)

142

143 (Insert Figure 3 here)

144
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145 Number of vehicles

146 In Figure 4 is shown the number of vehicles per category registered in the years 2010 and 

147 2014 in the City of Altavilla Silentina [44]. It is interesting to note that there has been a slight 

148 increases in the number of motorcycles (+3.4 %), cars (+2 %) and trucks to transport goods 

149 (+5.4 %) from 2010 to 2014. Most significant changes recorded are: a decrease of tractors (-

150 32 %), a decrease of the three wheelers and quadricycles for freight (-22 %) and, an increase 

151 of buses (+8 %). In total, an increase in number of vehicles on the road equal to 2 % between 

152 2010 to 2014 has been found, in accordance with the population growth.

153

154 (Insert Figure 4 here)

155

156 State of the buildings

157 The City could be divided into four main areas: the city center on the hill, and three minor 

158 areas:

159 • “Borgo Carillia” (20 m a.s.l): 779 inhabitants, located along the PR 317;

160 • “Cerrelli” (50 m a.s.l): 586 inhabitants, located along the PR 174 and PR 314;

161 • “Cerrocupo” (93 m a.s.l): 234 inhabitants, located along the PR 246 [42].

162 In according to the ISTAT data-base [43], from 1970 the number of buildings has steadily 

163 grown over the years. In Table 1 the number of new residential buildings built during each 

164 time period are reported.

165

166 (Insert Table 1 here)

167
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168 3. PREDICTIVE MODELS

169 The energy system of a city is characterized by  fluctuating demands and productions and by 

170 interdependencies between heat production, heat demands, electricity production, electricity 

171 demands and transportation needs. In order to evaluate the transient behaviour of an energy 

172 system, a dynamic model must be used. One such model is the EnergyPLAN model. Among 

173 the tools present in literature the authors choose EnergyPLAN because it has been previously 

174 used to simulate a 100% renewable energy system for several cities such as Aalborg and 

175 Frederikshavn.

176 EnergyPLAN software allows users to simulate the whole energy infrastructure of a territory 

177 (Municipality, Region or State), considering potential synergies between the different sectors. 

178 EnergyPLAN can be used to design and analyse the energy system/infrastructure on an hourly 

179 basis with reference to a typical year, including electricity, heating and cooling, energy 

180 consumptions of residential, industry and transport sectors. 

181 The software can take into account many energy conversion systems such as heat pumps, 

182 combined-cycle power stations, etc. and every energy carrier [11], it has been widely used in 

183 Denmark and in the countries such as China and America [30].

184 The software is designed to provide users with:

185  An energy plan for a territory, obtained from a comparative analysis of several 

186 alternative energy systems; 

187  A clear methodology to produce results understandable to all stakeholders. 

188 The following inputs are requested for EnergyPLAN simulations: yearly energy demand-

189 production and hourly energy demand-production trends. EnergyPLAN evaluates the hourly 

190 value of energy demand/production from the annual value [13]. 

191 The yearly energy demand/production can be obtained from data monitoring, upon request to 

192 energy distributors and/or retail energy sales companies, or from national databases. In case 
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193 national database is available, a “Top-down” methodology can be used: local data are scored 

194 from the national database based on the local representative parameter (population, number of 

195 buildings etc.) [31].

196 The most recent data available in the Italian national database refer to the year 2010-2011. In 

197 this work, where the authors planned an energy scenario by 2030, the energy consumption 

198 based on the estimate of the population increase and urban expansion. In particular, the 

199 increase of the population is calculated following the trend between 1861 and 2010. The 

200 urban expansion is tied to the population increase, which implies new buildings (private and 

201 public), new areas and the increase of public and private transportation. 

202 In addition, the work considers specific measures for reducing energy consumption and CO2 

203 emissions, the expected increase of systems efficiency related to technology development, 

204 and the energy production from plants already installed or planned by the municipality before 

205 and after 2016.

206 In order to estimate energy and CO2 emissions reduction due to the implementation of 

207 specific measures, and the increase of system efficiency between 2010 and 2030, the AEEG 

208 procedure presented in Technical Data Sheets [32] for energy savings evaluation has been 

209 used.

210 Data for the new energy production plants, obtained from the municipal and regional 

211 authorisations granted to companies for installation of wind turbine and biogas CHP plant; for 

212 PV plants, the GSE ATLASOLE database [33] has been consulted.

213 As regards the hourly trend, standard hourly energy demand and production curve, are 

214 reported in EnergyPLAN data-base for every country. In most cases, municipal energy 

215 demand is different from the national one, and therefore users have to build it before running 

216 the simulations . Users also have to implement the hourly energy production of plants, such as 
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217 photovoltaic plants, wind turbines and, geothermal plants, that depend on local climate 

218 conditions. 

219 In this work, for plants already installed, the hourly production is obtained from field 

220 measured data. Instead, for new systems/technology proposed for use in the energy plan, a 

221 detailed model has been used to simulate the performance and calculate hourly production. 

222 This has been the case also for energy production from photovoltaic, that is not available for 

223 case under study, and has been simulated by using TRNSYS software. The mathematical 

224 model implemented in TRNSYS (type 194 [34] developed by De Soto et al. [35]) is based on 

225 this current-voltage relationship:

226 [ 1]
V IRs
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228 1s cN n kT
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229 Five-parameter (the light current IL, the diode reverse saturation current Io, the series 

230 resistance Rs, the shunt resistance Rsh, and the modified ideality factor a) affect the current–

231 voltage curve of a PV systems at operating conditions and are functions of the solar radiation 

232 incident on the cell and cell-temperature. In order to compare several technologies, generally 

233 the electric performance of PV systems is calculated referring to Standard Test Condition 

234 (STC) defined by IEC/EN 60904 [36]. These conditions are rarely encountered during actual 

235 operation, in which case the energy output can be significantly lower. In this work the authors 

236 take in to account solar radiation and a semi-empirical model for the prediction of energy 

237 production for four different cell technologies (single crystalline, polycrystalline, silicon thin 

238 film, and triple-junction amorphous) under operating conditions.

239 The trend of thermal energy for space heating has been assumed directly proportional to the 

240 outdoor air temperature. The energy demand is considered to be zero when the outdoor 
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241 temperature is higher than 16°C. In fact, the temperature within a building is 18.0-20.0°C, so 

242 when the outside temperature is 16.0°C, inside of a building it is assumed that the temperature 

243 is 2-3°C higher than the outside one [37].

244 For cooling demand, the trend has been considered a function of the sol-air temperature, 

245 which is defined as the equivalent outdoor air temperature that gives the same rate of heat 

246 transfer to a surface as it would the combination of incident solar radiation, convection with 

247 the ambient air, and radiation exchange with the sky and the surrounding surfaces [38]. In this 

248 case, the demand for cooling is considered absent when the sol-air temperature is lower than 

249 28°C.

250 The electric energy trend has been estimated on the basis of the national electricity hourly 

251 data provided by the Italian company Terna SpA [39], which manages the national electric 

252 grid.

253 Finally, the hourly energy production from wind turbines has been obtained from the 

254 monitoring conducted by a plant installed in the municipality. The company that owns the 

255 plant has provided the authors with the measured data for wind speed and plant electricity 

256 production for an entire year. 

257 The abovementioned curves have been normalised with respect to the peak load in order to 

258 obtain a load curve representing 0-100% of the energy demand/production. 

259 The use of EnergyPLAN, coupled with TRNSYS results and the monitoring data allows to 

260 produce realistic result, and to outline detailed scenarios.

261 In Figure 5, it is possible to see a block diagram that describes the model used for the analysis 

262 and the construction of the scenarios for the city of Altavilla Silentina.

263

264 (Insert Figure 5 here)

265
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266 The outputs of EnergyPLAN include aggregated yearly production and demand of all 

267 modelled types, as well as the hourly values, useful to identify the necessary measures to turn 

268 any city into a zero carbon city. Every measures identified becomes a new input in 

269 EnergyPLAN, in order to evaluate its effect on energy balance of the city. The process 

270 becomes iterative until a zero carbon scenario is obtained. 

271 Finally, in this work an economic analysis has been carried in order to evaluate the electricity 

272 and thermal energy cost. Prices per kWh of both thermal and electric energy have been 

273 calculated according to the following equation:

274 ( 1)kWh
Investments Operational Aquisition SalesC

EnergyDemand
  



275 4. SCOPE and METHOD

276 In this work, the authors carry out the energy planning of Altavilla Silentina Municipality in 

277 order to convert it to a nearly zero greenhouse gas emissions by 2030. 

278 In 2013, the Municipality adhered to the Covenant of Mayors [40], and developed a 

279 Sustainable Energy Measures Plan (SEAP) [41]. A SEAP includes an assessment of the 

280 current situation, i.e. a “Baseline Emission Inventory” (BEI), and a “Measures Plan” with 

281 reduction emissions targets and the measures to achieve them.

282 The Baseline Emission Inventory quantifies the amount of CO2 (or CO2 equivalent) emissions 

283 due to energy consumption in the territory, it identifies the main sources of CO2 emissions 

284 and their respective reduction potentials.

285 Based on the most energy-intensive sectors as given in the BEI, it is possible to identify and 

286 analyse specific measures to reduce the consumption and emissions of 20% by the year 2020 

287 with respect those evaluated in the BEI reference year (2010 for Altavilla Silentina). 

http://context.reverso.net/traduzione/inglese-italiano/the
http://context.reverso.net/traduzione/inglese-italiano/equation
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288 The authors analysed measures that go beyond the minimum requirements of Covenant of 

289 Major, and developed a new energy plan in order to convert Altavilla Silentina to a nearly 

290 zero greenhouse gas emissions by 2030.

291 The transformation of the city is scheduled in two steps 

292  From 2010 to 2020 with the implementation of measures considered in the Sustainable 

293 Energy Measures Plan;

294  From 2020 to 2030 with the analysis of measures needed to fully decarbonise the city.

295

296 3.1 Baseline: Altavilla Silentina 2010

297 The scenario Altavilla Silentina 2010 is the baseline used by the authors to analyse future 

298 development of the municipality energy system/infrastructure. The authors analysed the 

299 geography and climate of the city, the population and its density, the level of economic 

300 activity, characteristics of buildings, usage and development of transportation, citizens’ 

301 attitudes, in order to evaluate energy consumption and CO2 emissions related to all of these 

302 factors. The choice of the reference year for the BEI (2010) is based on the data available for 

303 this year to build the inputs for the EnergyPLAN model, which are more accurate and 

304 complete than previous years.

305 The main data collected for this work are reported below. 

306

307 Primary Energy Consumptions

308 The yearly energy consumptions for the year 2010 has been obtained through a “top-down” 

309 methodology using several national data-bases [43; 45-47]. In Table 2 and Table 3, the local 

310 parameter and the reference database used in order to apply the “top-down” methodology are 

311 presented.

312
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313 (Insert Table 2 here)

314

315 The results of the “Top-down” analysis are shown in 

316 Table 4. The energy consumptions have been divided by sector and energy carrier 

317 respectively. Residential buildings and industry have the highest energy demand, while the 

318 industrial and transportation sectors show a lower consumption than the formers. 

319

320 (Insert Table 3 here)

321

322 (Insert Table 4 here)

323

324 The analysis has demonstrated that 67% of residential heating demand is supplied by biomass. 

325 In order to evaluate the primary energy demand, a cognitive survey on the type of biomass 

326 used by Altavilla citizen has been performed. Results shown that wood, wood pellets and 

327 wood briquettes biomass are widely used. The net calorific value is different for these type of 

328 woods (from 3.5 kWh/kg for chips, 4.1 kWh/kg for logwood, 4.8 kWh/kg for pellets and 

329 briquettes to 5.3 kWh/kg for solid wood [48]), thus in this work an average value, equal to 4.4 

330 kWh/kg, and has been considered. The conversion efficiency value has been set to 80%, due 

331 to the size of the plants that generally varies from 10-20 kWt to 50 kWt. Biomass plants have 

332 been considered CO2 neutral, as indicated by the European guide on “How to develop a 

333 Sustainable Energy Measures Plan (SEAP)” [31].

334 As it can be seen from 

335 Table 4, the remaining heating demand is satisfied by LPG (32%), diesel (1.3%) and oil 

336 (0.07%). For such systems, the energy conversion efficiency has been set equal to 80%, in 

337 order to find the primary energy used for these energy carriers.
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338 The analysis has also shown that LPG boilers are the most common heating system in the 

339 tertiary sector; this is mainly due to the absence of natural gas distribution system in the 

340 municipality. In addition, in this case, the efficiency of such systems has been considered 

341 equal to 80% [49]. Industry presents the highest electric energy demand of all sectors. 

342 Table 5 shows the primary energy consumptions for the transport and agriculture sectors. The 

343 data demonstrates that the electric vehicles are practically not used, mainly because of the 

344 high investment cost of this technology [50], while diesel is the most used fuel for both 

345 agriculture and transport activities due reduced tax fee provided by Italian law for this sectors 

346 [51].

347 CO2 emissions have been calculated by using the standard CO2 emission factor [31] for 

348 different fuels and the national emission factors for electricity. 

349 The results in terms of CO2 emissions have been shown detailed in Table 6.

350

351 (Insert Table 5 here)

352

353 Table 6 even shows, that the highest CO2 emission are due to the industrial sector (50%), 

354 although the energy consumption of the industrial is equal to that of the residential buildings 

355 (31%); that is because the biomass systems used for space heating in buildings are considered 

356 globally as zero emissions plant.

357

358 (Insert Table 6 here)

359

360 Although the national emission factors for electricity is lower than the others energy carriers, 

361 the highest CO2 emissions are related to its large consumption in the municipality. 

362
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363 4. RESULTS

364 4.1 Altavilla Silentina 2020: the SEAP strategy 

365 The measures set in the Altavilla Silentina SEAP have been derived on the basis of the energy 

366 consumptions and CO2 emissions of 2010, in order to achieve the European objective of CO2 

367 emission reduction of over 20% by 2020. Particularly, Altavilla Silentina has set a far more 

368 restrictive target that is 27% by 2020, with respect to the values of 2010.

369 To analyse the impact of these measures on the CO2 emission, the authors took into account:

370 - The population increase and the related urbanization effect.

371 - The measures implemented by the municipality before 2015 and their effects on the 

372 CO2 emissions in 2020;

373 - The reduction of CO2 emissions from new renewable energy systems that are going to 

374 be built in the future (a project has already been approved by the municipality);

375 - The increase of systems efficiency linked to technology development;

376 The expected CO2 emissions increase due to population and buildings growth are shown in 

377 Table 7. 

378 In order to estimate the CO2 reduction due to the implementation of every measures, the 

379 authors used the above AEEG methodology [32].

380 Table 8 shows a list of the aforementioned measures and the expected CO2 emission reduction 

381 effects. 

382

383 (Insert Table 7 here)

384

385 The measures planned in the SEAP have been designed in order to reduce energy 

386 consumption and CO2 emissions reduction for the residential, transporting and, industry 

387 sectors. The construction of wind farms implies a significantly CO2 reduction (50%). The 
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388 other planned actions affect for a few percentage points on the reduction of emissions except 

389 some measures for the residential sector, such as the installation of photovoltaic systems.

390

391 (Insert Table 8 here)

392

393 Figure 6 shows that the implemented measures generate a reduction of previous CO2 

394 emissions of at least 70% by 2020 with respect to the emissions of 2010. This result exceeds 

395 the 27% which was the initial target set by the administration for 2020. In fact, the reduction 

396 of 27% is estimate equal to 5566 t of CO2 while the measures implementation imply a 

397 reduction equal to 14811 t of CO2, as shown in this figure.

398

399 (Insert Figure 6 here)

400

401 In 2020, wind plants will be able to cover the yearly municipality electricity demand and to 

402 export the overproduction in national grid (Figure 7); however, wind power depends on wind 

403 velocity thus the production is not able to match the energy demand. Furthermore, 7.2% of 

404 renewable electric energy will come from photovoltaic plants; also in this case production is a 

405 function of the solar radiation that is not continuous. The electricity produced by biogas 

406 cogeneration plants is constant but it will represent only 10% of renewable energy production 

407 thus, even if only for a few hours per day, a supply of electrical energy from the national grid 

408 should be considered. 

409 Because of this daily un-matching between the energy demand and its production, results of 

410 simulation shows that the yearly energetic balance is not sufficient to define the municipality 

411 as “Electric self-sufficient city”. On a daily basis, even a small amount of energy comes from 

412 the national grid, however, on a yearly basis Altavilla Silentina will be self-sufficient.
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413 Regarding the electric energy consumption, no significant increase is expected by 2020, due 

414 to the small population growth instead a large gap between production and consumption 

415 occurs by 2020.

416

417 (Insert Figure 7 here)

418

419 Figure 8 shows the primary energy consumption for heating and heat available from the 

420 cogeneration biogas power plant. The thermal energy demand decreases between 2010 and 

421 2020 due to the improvement of energy efficiency of buildings supported by the state 

422 financial instruments [52-53]. The gap between production by RES and consumption 

423 represents the energy for space heating that needs to be supplied by fossil fuel plants, which 

424 affects negatively CO2 emissions. 

425

426 (Insert Figure 8 here)

427

428 4.2 Altavilla Silentina 2030: Decarbonisation Process

429 The 2030 Altavilla Silentina energy scenario is outlined on basis of the 2020 SEAP results, by 

430 using EnergyPLAN. 

431 The initial assumptions are stated below: 

432 1) The yearly electric energy consumption in the residential and public buildings are 

433 obtained following the consumption trend between 2010 and 2020;

434 2) The yearly electric energy consumption for public lighting will equal 585 MWh/year 

435 in 2030 considering an increase of the number of lamps;

436 3) The yearly thermal and cooling demand will increase proportionally to the population 

437 increase;
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438 4) Industrial and agriculture consumptions will not increase during the decade 2020-

439 2030;

440 5) Common increase of systems efficiency due to technology development are based on 

441 the trend between 2010 and 2020;

442 6) The yearly thermal energy production by biomass plants in the residential buildings 

443 will be equal to that of 2020;

444 7) The expected consumption for transportation will equal 4918 MWh in 2030. Fuel 

445 consumption nearly halved in the period 2010-2020 due to the rapid development of 

446 transport technology. In order to estimate primary energy consumption in 2030, the 

447 same trend has been considered.

448 8) Finally, the total primary energy consumption (residential buildings, public buildings 

449 and service, public and private transporting fleet, industry, agriculture and public 

450 lighting) equal to 44837 MWh has been estimated for 2030.

451 Furthermore:

452 9) The electric and thermal energy production by RES (wind farm, PV systems and 

453 biogas cogeneration) will be equal to that of 2020. In 2020 in fact, the electricity 

454 production by RES is already sufficient to meet the heat and electricity demand. Thus, 

455 thermal and electric energy production is supposed the same in 2030.

456 The authors modelled in “EnergyPLAN” environment the above described “Altavilla 

457 Silentina 2030 scenario” in order to find the solutions that will enable to convert Altavilla 

458 Silentina into a zero greenhouse gas emission municipality by 2030.

459 The assumptions relating to the energy demand/production trend are the ones above described 

460 in the “Predictive Models” paragraph. 

461

462 (Insert Figure 9 here)
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463

464 (Insert Figure 10 here)

465

466 In Figure 9 and in Figure 10 are reported the hourly energy demand and production trend of 

467 Altavilla Silentina Municipality expected for 2030, respectively. Curves have been 

468 normalized with respect to the peak load.

469 Results of the EnergyPLAN software show that Altavilla Silentina can became zero carbon 

470 emissions city if:

471 1) The fossil fuel plants that will still be present in 2020 scenario are substituted with 

472 electric heat pumps, increasing the electric energy consumptions. The authors have 

473 considered heat pumps with a Seasonal COefficient of Performance (SCOP) equal to 

474 3, thus an electric energy increase for residential sector equal to 1212 MWhe is 

475 expected with respect to that of 2020.

476 2) In the industry sector, 23% of thermal demand has to be supplied at high temperature 

477 (above 70°C) while the 77% has to be supplied at low temperature (60°-70°). The 

478 authors propose the installation of electric heat pumps in order to satisfy the request of 

479 low-temperature thermal energy, and biomass plants for the high temperature one. The 

480 heat pumps installation implies an electric energy increase of 419MWh/year with 

481 respect to 2020.

482 3) In the tertiary sector, 83% of thermal energy demand for heating will be supplied by 

483 heat pumps, for a total of 888 MWht, biomass plant will supply the rest of the 

484 demand;

485 4) In 2030 only electric cars must be considered. The authors have evaluated the electric 

486 energy consumption for the transport sectors by using a typically hourly consumption 

487 profile.
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488 Figure 11 shows an overview of the expected electric energy consumptions for sectors 

489 of Altavilla Silentina in the year 2030.

490

491 (Insert Figure 11 here)

492

493 It is important to note that the yearly electricity production by RES will be even higher than 

494 the demand in 2030, even though electricity consumption will increase (Figure 12). This is 

495 also clear in the yearly balance reported in Figure 13 where the energy exported in national 

496 grid and the energy consumption is indicated. 

497 The electric energy production by RES should be equal to energy demand in order to achieve 

498 a zero energy balance of the city. In fact, the Critical Excess in Electricity Production (CEEP) 

499 could make problems in the managing of the energy grids. 

500 In the case of Altavilla Silentina, the construction of RES plants has already been planned 

501 before the SEAP development, and the relationship between production and consumption had 

502 not been evaluated.

503 For this reason, in the 2030 scenario the authors aim to electrify the city in order to reduce the 

504 gap between production and consumption.  Despite the efforts of authors, this gap remains. 

505 An energy planning extended to neighbouring territories can considered as an interesting 

506 solution, which is analysed in paragraph 5. 

507

508 (Insert Figure 12 here)

509

510 (Insert Figure 13 here)

511
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512 The EnergyPLAN results show that electricity production by RES will not cover the electric 

513 energy demand on hourly base. 

514 As an example, the hour demand and production of electric energy are shown in Figure 14 for 

515 a typical day in January. From this figure, it is clear that it will be necessary to import electric 

516 energy from the national grid. To avoid this situation, an electric energy storage should be 

517 considered in the energy system, thus completing a self-sustained “zero emissions energy 

518 system/infrastructure”.(Insert Figure 14 here)

519

520  reports a list of the RES power plants to be installed by 2030 in order to convert Altavilla 

521 Silentina to “nearly zero carbon emissions”. In case of heat pumps and biomass boilers, the 

522 overall power installed is calculated considering a mean size equal to 10 kWe/unit and 35 

523 kWt/unit respectively for residential and tertiary sector, and average sizes of heat pumps and 

524 biomass boilers equal to 20 kWe/unit and 50 kWt/unit respectively for industrial sector.

525

526 (Insert Figure 14 here)

527

528 (Insert Table 9 here)

529

530 In Figure 15, the total primary energy supply for the years 2010, 2020 and 2030 can be 

531 observed. The “electricity” nomenclature refers to the primary energy required for the 

532 “electric energy end-use”. The conversion efficiency for electric production is considered for 

533 the nation equal to 0.47 [54]. 

534

535 (Insert Figure 15 here)

536
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537 Finally, an economic analysis has been performed in order to evaluate the cost of electricity 

538 and thermal energy. In Table 10 a list of the investment and operating costs for new plants 

539 needed for the decarbonisation by 2030 [54] is reported. In the analysis, the cost for electric 

540 energy storage and the costs related to electric energy exchange with the national grid have 

541 not been taken in account.

542

543 (Insert Table 10 here)

544

545 Assuming that:

546 1) The cost of electric energy to be acquired on the market is equal to 0.20 €/kWhe [56];

547 2) The sale price electric energy is equal to 0.05 €/kWhe  [56];

548 3) The price of wood chips and wood pellets is equal to 679 k€/year [48].

549 The results of the cost analysis are:

550 1) The total costs for electricity production is equal to 31612 k€ (1304 k€/year);

551 2) The total costs for thermal energy production is equal to 929119 k€ (19865  k€/year).

552 3) The total acquired electric energy cost is equal to 2698 k€/year;

553 4) The electric energy sales revenue is equal to 1211 k€/year.

554

555 Prices per kWh of both thermal and electric energy have been calculated according to  

556 Equation (1).

557 Results shown that prices of both thermal and electric energy could be significantly lower 

558 than current price, 11 c€/kWhe and 12 c€/kWht, making the whole system highly profitable 

559 also from an economic point of view.

http://context.reverso.net/traduzione/inglese-italiano/equation
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560 5. POSSIBLE SOLUTION TO CRITICAL EXCESS ELECTRICITY PRODUCTION

561 The influence of the control volume on which energy planning is based obviously very 

562 important. Moreover, the ability of a system to operate in “Island mode” , “connected mode” 

563 or “connected island mode” is a very  interesting point to analyse and there are a lot of 

564 arguments in favour or against each of these approaches[57]. 

565 In this work, the authors investigate an energetic analysis of the neighbouring territories 

566 (“connected mode”), in order to evaluate the possibility to export the over-produced 

567 electricity. The excess of electricity production, due to the wind plants in Altavilla Silentina, 

568 can be a problem for the national grid.

569 The electricity demand of the neighbouring territories has been estimated considering the pro-

570 capite electricity demand of Altavilla Silentina by 2030 (including the electrification of 

571 transport sector) and the population number of close municipalities (Albanella, Controne and 

572 Castelcivita). Moreover, the authors have considered an analysis of RES plants in the 

573 surrounding territories in order to evaluate their electric energy balance. The results 

574 demonstrate that the yearly energy demand of these close neighbouring municipalities is 

575 higher than the local production. (Figure 16). Therefore the electricity produced in Altavilla 

576 Silentina can be an interesting opportunity to solve the CEEP problem and to increase the 

577 share of green energy in their energy balance, without the need of new plants.

578

579 (Insert Figure 16 here)

580

581 However, yearly energy results are not adequate to establish that energy over-production by 

582 Altavilla Silentina can be used by neighbouring municipality. Therefore, a further analysis is 

583 necessary that takes in to account both energy demand of the surrounding cities and that of 

584 Altavilla Silentina.
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585 The hourly results confirm that the excess electricity produced in Altavilla Silentina can be 

586 completely used by neighbouring cities, meeting a large part of the three municipalities 

587 demand.  The choice of a larger control volume offers two-fold benefit: it solves the CEEP 

588 problem of Altavilla Silentina, and it increases the share of RES energy in the balance of the 

589 area. 

590 Another benefit that should be considered is the sharing of the costs among the municipalities. 

591 Infact, a shared service agreement  among the neighboring municipalities has the potential to 

592 decrease  the operational costs and the investment ones. Every municipality may provide its 

593 energy resources available for the agreement municipalities sharing the investment and 

594 operational costs for the resource exploitation.

595 The study has demonstrates that proper energy planning must take in account also the 

596 dependence of results on control volume considered. 

597 6. CONCLUSION 

598 The work presents a feasibility assessment of a novel strategy to make the Italian city of 

599 Altavilla Silentina dependent only on renewable energy sources by 2030. An analysis of the 

600 actual energy consumption, as well as the evaluation of CO2 emission have been carried out. 

601 The energy demand of the municipality in 2030 has been evaluated by using the software 

602 EnergyPlan, integrated with TRNSYS software, through which a possible and effective 

603 energy system based on renewable sources has been modelled in order to cover both the 

604 future electric and thermal energy demands. 

605 The analysis of the energy demand in 2010 shows that the most of the energy consumption of 

606 the city is due to both residential and tertiary buildings (the former has 32% of global energy 

607 consumption the latter 31%), followed by public transportation (21%). The analysis also 

608 shows that electric energy (31%), heavy fuel (i.e. diesel 20%) and LGP (18%) are the three 

609 most used energy carriers. Based on these evaluations, the Altavilla Silentina CO2 footprint 
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610 has been evaluated by using emission factors and top-down method for public and private 

611 sectors respectively. Emission factors measure the amount of CO2 released per kWh of 

612 primary energy converted into electricity or/and heat. As expected, the results show that 

613 industry has the highest CO2 footprint, with more than 6881 tons of CO2 per year (31% of 

614 total emissions), followed by the tertiary buildings, 4173 tons of CO2 per year (more than 

615 21% of total emissions).

616 In order to reduce the energy demand and the related CO2 emissions, the authors studied a 

617 number of measures for each sector mainly: 

618 - Increase the efficiency of energy systems for both public and residential buildings;

619 - Installation of new and more efficient systems for electricity and heat production;

620 - Increasing the efficiency of public transportation.

621 Each measure gives a significant contribution to both energy consumption and CO2 emission 

622 reduction. The analysis shows that, if all the proposed measures are undertaken by 2020, there 

623 will be a reduction of more than 10900 tons of CO2
 per year, mostly thanks to wind energy.

624

625 In the last part of the present work, the authors simulate the energy balance of the whole city 

626 for the year 2030 by using the software Energy Plan integrated with TRNSYS, and defined an 

627 effective and complex system of multiple technologies able to feed Altavilla Silentina only 

628 through renewable energy sources by 2030. The results show that, starting from the 2020 

629 scenario, by replacing conventional boilers with electric heat pumps and by using electric 

630 public transport, the goal can be achieved. However, a CEEP problem occurs in this scenario 

631 due to a large electric production by wind farms.

632 In order to verify the system feasibility, an economic analysis of the system has been carried 

633 out. The results show that prices of both thermal and electric energy could become as low as 
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634 the actual ones, 0.11 €/kWhe and 0.12 €/kWht, making the whole system profitable also from 

635 an economic point of view. 

636 Finally, in order to solve the CEEP problems, an inter-municipality energy balance has been 

637 considered. In this new scenario, the whole energy production due to wind plants is used by 

638 citizens and the exportation in the national grid is equal to zero. The larger volume-control 

639 offers two-fold benefit: it solve the CEEP problem of Altavilla Silentina and it increase the 

640 share of RES energy in the balance of the closed cities.   

641
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657 Development
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659 HP  Heat Pump
660 ISPRA Istituto Superiore per la Protezione e la Ricerca Ambientale
661 ISTAT Italian National Institute of Statistics
662 LPG    Liquefied Petroleum Gas
663 PR  Provincial Road
664 PV  PhotoVoltaic  
665 PVP  PhotoVoltaic Energy Production
666 RES  Renewable Energy Sources
667 SCOP  Seasonal Coefficient Of Performance
668 SEAP  Sustainable Energy Measures Plans
669 TE  Thermal Energy Demand
670 WP  Wind Turbine Energy Production
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816 Figure 1 Geographic position and Trend of the population from 1861 to 2011, Altavilla 

817 Silentina, (ISTAT [43].).
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823 Figure 2: Active companies in 2011, Altavilla Silentina, (ISTAT [43].).
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827 Figure 3: Employees in 2011, Altavilla Silentina, (ISPRA [43].).
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830 Figure 4: Vehicles on the road 2010-2014, Altavilla Silentina, (ACI [44])

831

832 Table 1: Age of residential buildings in Altavilla Silentina (ISTAT [43].)

Residential Buildings built in Altavilla Silentina
Time 

interval Until 1970 1971-1990 1991-2000 2001-2005 2006-2011 Total

Residential 
Buildings 1515 455 154 98 119 2341

833
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836  

837 Figure 5: Input and Output of EnergyPLAN software.

838
839
840 Table 2: References Local Parameters for Top-down analysis

End User Sector
Vector Residential Service 

Sector Industry Agriculture Urban 
Transport

Electric 
Energy

Number of 
inhabitants

Other Vector Residential 
Surface

Number of 
active units

Number of 
employees

Utilized 
agricultural 

area

Number of 
vehicles

841
842
843
844
845
846
847
848
849
850
851
852
853
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854 Table 3: Reference Databases used in the Top-down analysis

Sector

G
as

ol
in

e

D
ie

se
l

LP
G

H
ea

tin
g 

oi
l

El
ec

tri
ci

ty

Li
gn

ite

W
as

te

Co
al

Residential ISPRA ISPRA ISPRA ISPRA TERNA ISPRA ISPRA ISPRA

Tertiary ISPRA ISPRA ISPRA ISPRA TERNA ISPRA ISPRA ISPRA

Public 
lighting - - - - e-

distribuzione - - -

Industry
Energy 

Regional 
Balance
/ENEA

Energy 
Regional 
Balance
/ENEA

Energy 
Regional 
Balance/
ENEA

Energy 
Regional 
Balance/
ENEA

TERNA

Energy 
Regional 
Balance
/ENEA

Energy 
Regional 
Balance
/ENEA

Energy 
Regional 
Balance
/ENEA

Private and 
commercial 
Transport: 

ISPRA ISPRA ISPRA ISPRA ISPRA ISTRA ISPRA ISPRA

Agriculture ISPRA ISPRA ISPRA ISPRA TERNA ISTRA ISPRA ISPRA

855

856 Table 4: Primary Energy Consumptions for the Buildings and Industry per energy carrier 

G
as

ol
in

e

D
ie

se
l

LP
G

H
ea

tin
g 

oi
l

El
ec

tri
ci

ty

Li
gn

ite

W
as

te

Co
al

To
ta

l

Municipal buildings, 
equipment/facilities

0 387 0 0 110 0 0 0 497

Residential buildings 0 167 3871 8 6942 8116 0 0 19105

Tertiary (non municipal) 
buildings, equipment/facilities

0 12 6581 0 3206 2 151 0 9952

Public lighting 0 0 0 0 827 0 0 0 827

Industry 115 1048 814 6807 9047 93 0 753 18677

Total 115 1603 11266 6815 19194 8211 151 753 48109

857
858

859

860

861

862
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863 Table 5 Primary Energy Consumptions for the Transport and Agriculture sectors per energy 

864 carrier in 2010

G
as

ol
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l
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l

El
ec

tri
ci

ty

N
at

ur
al

 G
as

Li
gn

ite

W
as

te

Co
al

To
ta

l

Transport:
Municipal fleet 28 14 0 0 0 0 0 0 0 42

Private and commercial 5633 6035 607 0 0 220 0 0 0 12496
Sub-total trasport 5661 6049 607 0 0 220 0 0 0 12538
Agricolture and Forestry 0 5940 95 0 1837 0 49 0 0 7922

865
866
867 Table 6 CO2 emissions per sector and per energy carrier in 2010

G
as

ol
in

e

D
ie

se
l

LP
G

H
ea

tin
g 

oi
l

El
ec

tri
ci

ty

Li
gn

ite

W
as

te

Co
al

N
at

ur
al

 g
as

To
ta

l

Municipal buildings, 
equipment/facilities 0 103 0 0 51 0 0 0 0 155

Residential buildings 0 45 879 2 3247 0 0 0 0 4173
Tertiary (non municipal) 

buildings, 
equipment/facilities

0 3 1494 0 1500 0 50 0 0 3047

Public lighting 0 0 0 0 387 0 0 0 0 387
Industry 29 280 185 1899 4231 0 0 257 0 6881

Transport:
Municipal fleet 7 4 0 0 0 0 0 0 0 11

Private and commercial 1403 1611 138 0 0 0 0 0 220 3196
Agriculture and Forestry 0 1586 22 0 859 0 0 0 0 2467

868
869
870
871
872
873
874
875
876
877
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878 Table 7 Expected CO2 emissions increase from 2010 to 2020, due to the population and 

879 buildings growth.

Value Sector CO2 Emission 
Increase (t)

Building increase (m2) 17936 Heating Energy Consumptions for 
Residential Buildings

57

Electricity Energy for residential 
Buildings

68

Public Lighting 8

Population Increase 146

Public and Private Trasporting 67
Total 200

880
881
882

883 Table 8 CO2 Emissions reductions expected for each of the SEAP measure

Sector Measure Measures Energy 
Saving 
(MWh)

Energy 
from 
RES 

(MWh)

CO2 
Reduction 

(t)

01_RES_01 PV plants in the 
School Buildings 
(20 kWe) (2012-

2020)

0 28 13Public Building

01_RES_02 Energy Efficiency 
for School 

Building (2012-
2020)

0 0,57 2

03_EE_01 Replacement 
lamp(2010-2020)

858 0 400

03_EE_02 Replacement 
fridge freezers 
(2011-2020)

465 0 217

03_EE_03 PV plants (822 
kWe) (2013-2020) 

0 2123 989

03_EE_04 Install automatic 
shutoff devices 
TVs / decoder 
(2010-2020)

223 0 104

03_RES_05 PV plants (1077 
kWe) (2010-2013)

0 715 333

03_RES_06 Wind farm (900 
kWe) (2017-2020)

0 1350 629

Residential 
Buildings

03_RES_07 Wind farm (600 0 1200 569
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kWe) (2012-2020)

03_RES_08 Wind farm (14 
MWe) (2019-

2020)

0 21000 9874

05_RES_01 Biogas plant for 
electric energy 

production (256 
kWe)

0 1228 170

Biogas 
Cogeneration 

plant (190 kWe)

0 1520 708,6

Industry

05_RES_02
Biogas 

Cogeneration 
plant (261 kWt)

0 835,2 110

Transporting 08_RES_01 Renewal of the 
vehicle fleet 
(2010-2020)

3394 705 1049
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888

889 Figure 6 Comparison of the CO2 emissions of Altavilla Silentina in the years 2010 and 2020.
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892

893 Figure 7 Electric Energy Consumptions and Electric Energy Production by RES of Altavilla 

894 Silentina Municipality in the year 2010 and 2020.

895

27768
24106

0

2958.7

0

5000

10000

15000

20000

25000

30000

2010 2012 2014 2016 2018 2020

M
W

h

Thermal Energy Consumption Thermal Energy production by RES

896

897 Figure 8 Primary Energy consumption for heating and thermal energy production by RES of 

898 Altavilla Silentina from the year 2010 to 2020.
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Electricity Energy Demand Trend

Thermal Energy Demand Trend

Cooling Energy Demand Trend

904

905 Figure 9 Hourly energy demand trend of Altavilla Silentina Municipality expected for 2030
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Photovoltaic Plants Production Trend

Wind Turbine Production Trend

Biogas CHP Plants Production Trend

907

908 Figure 10 Hourly energy production trend of Altavilla Silentina Municipality expected for 

909 2030
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912 Figure 11 Expected electric energy consumption of Altavilla Silentina in 2030.
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915

916 Figure 12 Electric Energy Consumptions and Electric Energy Production by RES of Altavilla 

917 Silentina Municipality in the years 2020 and 2030.
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918

919

920 Figure 13 Yearly electricity consumption and electricity import from national grid.

921

922

923

924 Figure 14 Electricity production by RES and Electricity import from national grid in a day of 

925 January.
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936
937 Table 9 Installed power plants in the Altavilla Silentina 2030 scenario.

938
Plant Power
Residential/ Tertiary Heat Pumps ~30.0 MWe
Industry Heat Pumps ~60.0 kWe
Wind Farm 15.5 MWe
Photovoltaic 1.92 kMWe
Biogas CHP 456 kWe – 261 kWt*
Residential/ Tertiary Biomass Boilers ~63.1 MWt
Industry Biomass Boiler ~250 kWt
* Two biogas plant have been considered: the first one produces only electric energy (256 
kWe) and the second one, to be built for cogeneration (190 kWe- 261 kWt)

939
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942 Figure 15 Primary energy supply Altavilla Silentina in the year 2010, 2020 and 2050.

943
944

945 Table 10 Investments cost and operating costs of new plants to be built by 2030

946
Plant Investment Costs 

(2020)
Operating Costs Period

Unit €/Unit % of investment Years
Heat Pump kW 500 0.98 20
Wind Farm kWe 1840 2.97 25
Photovoltaic kWe 850 2.09 20
Biogas CHP kWe 6400 7.32 20
Biomass Boiler unit 2500 1.79 20
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947

948 Figure 16 Electric consumption and RES production and of the neighbouring territories

949


