CONVENTION ON LONG-RANGE
TRANSBOUNDARY AIR POLLUTION

UN/ECE INTERNATIONAL CO-OPERATIVE PROGRAMME
ON EFFECTS ON MATERIALS, INCLUDING HISTORIC
AND CULTURAL MONUMENTS

Report No 93:
Cal | f or Dat a Nl nvent ory
materials at UNESCO worl d
Part VIT The relationship between the environment and
the artefact

September 2022

PREPARED BY THE SUB-CENTRE FOR STOCK OF MATERIALS AT RISK AND
CULTURAL HERITAGE

Italian National Agency for New Technologie
M Energy and Sustainable Economic Developn

(ENEA), Bologna, Italy




CONVENTION ON LONG -RANGE TRANSBOUNDARY AIR POLLUTION

INTERNATIONAL CO -OPERATIVE PROGRAMME
ON EFFECTS ON MATERIALS,
INCLUDING HISTORIC AND CULTURAL MONUMENTS
(ICP Materials)

Report No 93

Call for Data
Al nventory and condition of stock of

Part VIT The relationship between the environment and the artefact

Teresa La Torrett&®asquale Spezzano

é

ENEA, Bologna, Italy
Septembep022

http://www.enea.it/

mat er i


http://www.swereakimab.se/

CONTENTS

1 Introduction
2 Saint Domnius, Split, Croatia
2.1 Geographic and climate profile of Split
2.2 Population
2.3Energy
2.4Industry
2.5 Transports and infrastructures
2.6 Emission inventories
2.7 Air Quality - Ground level air pollutants
2.8 Implications on the UNESCO Cultural Heritage Site: Saint Domnius
2.9 References
3 The Wirzburg Residence, Wirzburg, Bavaria, Germany
3.1Geographic and climate profile of Wirzburg
3.2Population
3.3Energy
3.4 Industry
3.5Transport and infrastructure
3.6 Emission inventory
3.7 Air Quality - Ground level air pollutants
3.8 Implications on the UNESCO Cultural Heritage Site: The Wirzburg Residence
3.9 References
4 The Royal Palace, Caserta, Italy
4.1 Geographic and climate profile of Caserta
4.2 Population
4.3 Energy
4.41ndustry
4.5 Transport and infrastructures
4.6 Emission inventories
4.7 Air Quality - Ground level air pollutants
4.8 Implications on the UNESCO Cultural HeritageeSiThe Royal Palace
4.9 References
5 Discussion
6 Acknowledgements



Report No.93Pilot study on inventory and condition of stock of materials at risk at UNESCO cultural heritag
Part VIT The relationship between the environment and the artefact

1 Introduction

The International Goperative Programme on Effects on Materials, including Historic and Cultural
Monuments(ICP Materials) was launched in 1985 within the scope and the activities of the
Convention on Longange Transboundary Air Pollution. The aim of the Programme is to fill some
of the major gaps in scientific knowledge in the area of materials corroshoernoéd by atmospheric
pollutants by performing a quantitative evaluation of rapdtilutant effects on atmospheric corrosion

on both technically important materials and materials used in historic and cultural monuments.

Many of the materials used in thenstruction of historic and cultural monuments are very sensitive

to air pollution, resulting in corrosion and soiling of the materials which were used to create the
artefacts. The Programme, through the-8eimtre for stock of materials at risk and cratiheritage,
agreed to |l aunch a Call for Data on Alnventor
cultural heritage siteso. UNESCO sites are col
ideal for illustration and disseminatioh effects of air pollution on materials. The Call was approved

at the 1st joint session of the Steering Body to the EMEP and the Working Group on Effects (Geneva,
14-18" September 2015) and then launched in October 2015.

Six Parties to the Conventio@yoatia, Germany, Italy, Norway, Sweden and Switzerland, provided
gualitative and quantitative data on both historic/cultural monuments and on concentrations of main
air pollutants and metedimatic parameters measured at monitoring stations close &ekbeted
UNESCO world cultural heritage sites. Taken together, the twamycultural heritage objects
included in the call have a total external surface area of about 430%G0@Irover a wide range of
materials (natural stone, artificial stone, copfeonze, glass and others) as well as a wide range of
environmental conditions. Detailed information on monuments/sites and their selection can be found
in the I CP Materials Report No 80: Cal | for L
UNESCO Worl d Cul tur al-2OHle7r.i tSatgeet ussi t Respdoo r t200 1r5e | e
(ICP Materials, 2017).

I n the report | CP Mat e rlnvantos and eopddiontof sthiok of Bid@erialsi C a |
at UNESCO World Cultural Heritage sitd2art IIT Ri sk assessmento rel eas:
(ICP Materials, 2018), the damage due to air pollution on the materials of these twerdyltural

objects was assessed by using desponse functions established by ICP Materials. In the
subsequent e por t | CP Materi al s -IRveniooyrand cdddition8obstockfC a | |
materials at UNESCO World Cultural Heritage sites, PaitHic onomi ¢ eval uati ono
2019) an assessment of the cost of damage due to corrosion andfsomirgyr pollution for the
twenty-one unique monuments was reported on the basis of aegeljnized methodology for cost
assessment developed in the EU REACH Project. The Report No 89 presented the assessment of the
relative importance of individual flatants and the effect of their reduction on the cost of pollution

to some materials constituting the selected twenty objects of cultural heritage and a case study

on the impact on the cost of damage on the Italian sites included in this studydthesiorecasts

of the national model MINNI (4x4km) on atmospheric concentrations of pollutants in 2030 following

the measures that will be taken in Italy in response to the requests of the National Emission Ceilings
Directive (EC, 2016) for reducing emisss. The last ICP Materials Report No. 90 reported the
application of air quality models with increased resolution at selected UNESCO sites in Campania
(Italy) to assess the damage on materials due to air pollution. EMERWI&®dels (previous
EMEP50 withresolution of 50x50Km, and actual EMEPO1 with resolution 01°x01°) and Italian
national model AMSMINNI (resolution of 4x4km and 1x1Km) were considered.

Because of every monument i s i dhere&tonshipbetivesri e d
the environment and the artefacto concerns t he
context surrounding some selected UNESCO sites and the air pollution responsible for the corrosion
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and soiling effects of the material.

On the basis of the enomic evaluation reported in the report No.86 three UNESCO sites with
different cost of maintaining due to air pollution were chosen: Saint Domnius, Split in Croatia,
Wurzburg Residence, Bavaria, Germany and Royal Palace, Caserta, Italy.
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2 Saint Domnius, Split,Croatia.
2.1 Geographic and climate profile of Split

The Republic of Croatia became an independent statd' @ctber 1991. It is a member of the
United Nations since 22May 1992 andf the European Union sincé' duly 2013.
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Fig.1- Croatia map andoom on SplitDalmatia

Split-Dalmatia County borders on the north with the Republic of Bosnia and Herzegovitig on

we st wi tKmin Gunyendiorkthe east with Dubrowleretva County (Fig.1). Split is the

largest town of the region of Dalmatian and the second largest city of Croatia. It lies at the center of
the eastern Adriatic coast on a peninsula between the eastern partoftlhEGof Kagt el a a
Channel. The Marjan hill (178 meters), rises in the western part of the peninsula. The Kozjak (779
meters) and Mosor (1339 meters) ridges protect the city from the north and northeast, and separate it
from the hinterland. (Wilgedia.org)

The geographic coordinates of Split are: 43A3

The climate of Split is classified as Mild Mediterranean.

Summers are long, hot, sunny and moderately dry. Split receives more than 2,600 sunshine hours
annually. Afternoons are cracterized by the Mistral, a light and nice breeze. July is the hottest and
the driest month with an average temperature around 28°C and total precipitation usually below 28
mm.

Winters are mild, wet and windy because of the strong cold northern windaBdréhe humid
easterrsouthern wind Jugo. Temperature rarely goes under 0°C and snow is extremely rare.

January is the coldest month, with an average temperature around 7 °C.

Autumn begins late and is wet: November is the wettest month, with a precipitatti of nearly

110 mm and 12 rainy days. (Drgavni hidrometeo
Because of its mildlimate, Splitis a popular tourist destinatiar the AdriaticSea all over the year.

TableX Air temperature and Precipitation averages for Split (httpst&o.hr/)

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
AIR TEMPERATURE
Mean [°C] 79 84 10.8 14.4 19.1 232 26.1 258 21.6 17.1 12.7 93
PRECIPITATION

Total Prec. [mm| 77.9 66.2 63.3 62.6 573 50.1 27.6 38.6 71.6 78.8 113.4 103.3

1TUBS, CC BY-SA 3.0 via Wikimedia Commons
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Figure 2- The Split Urban Area

2.2 Population

According to the Census performed by the Croa
population of Croatia is 3,888,529, while the total population of -Bglitnatia County 125,412
inhabitants. The city of Split has 161,312 inhabitants with a population density of 2,63R/khe

table the settlements included in the administrative area of the City are reported.

Table2-Admi ni strative area of Split settl ements
Total population

Split 161.312
Donje Sitno 290
Gornje Sitno 358
Kamen 1.942
Slatine 932
Split 150.410
Srinjine 1.205
Stobreé¢ 2.875
Zmovnica 3.300

2Google Earth Prdmage Landsat/Copernicus



Report No.93Pilot study on inventory and condition of stock of materials at risk at UNESCO cultural heritag
Part VIT The relationship between the environment and the artefact

2.3Energy

Figure 3 reports a simplified energy balance of Croatia (PROSPECT 2030)
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Figure 3- Croatian simplified energy balance (PROSPECT 2030)

Because of the richness in water, in Croatia the production of electricity is characterized by use of
hydro plant system (55% of total electricity production) that causes dependence on energy imports.
In 2015 primary energy generation underwent a reducid 7% compared tdhe previous year:
adverse hydrology caused a consistent reduction of hydro power utilization. (Republic of-Croatia
Ministry of Environment and Energy.

Croatian data energy consumption can summarize as follows: 84%lntastry, 15%
Manufacturing Industry, 0.2% Extractive Industry and 0.7% -Nspecified (Industry) European
Emission Agency

In 2016 total demand of energy for Sflialmatian county waassessed at abdu607 GWh, 7% of

the total national consumption.

Crude oiland petroleum, followed by electricity are the most used fuel (FigureRémewable
energies cover the 11% of requirement and they are used largely by residential sector for heating aims
by means wood burning (Figure 5)

Transport sector presents the latggemand of energy (52%), followed by residential sector (24%),
while the percentage attributable to industry sector is only 7% (Figure. 4b)
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Figure 4- Final energy consumption estimation for Sflalmatia County
by fuel (a) and by sector (b) 20 (Prospect203&ource: Croatian Bureau of Statistics])
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Figure 5- Distribution of renewable energies for sector (Prospect2030)
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As reported by the following table, electricity is produced only by renewable sources: 80% from
hydro, 18% from wind ané% from solar photovoltaic plants.

Table3- Energy generation in Splidalmatia County (Prospect2030)

Electricity generation Installed capacity Energy generated  Number
(MW.) (MWh per year) of
Source Electricity = Combined Electricity facilities
only heat-
power
Hydro 919 " 2.426.000 5
Wind 226 - 545.500 8
Solar photovoltaic 30 - 42.326 24
Total 1.176 - 3.013.826 37
thereof non renewable - - - -
thereof renewable 1.176 - 3.013.826 37

As already mentioned, it could be a reduction of production of electricity by hydro, due to the inherent
characteristics connectedhgdrology.

2.4Industry

According to the EUROSTAT data (EUROSTAT) the contribution to national GDFSgiy-
DalmatiaCounty is about 8.4%. In the following figures are reported the GDP per capita trend from

2015 to 2019. The values f8plit-DalmatiaCounty are lower than for Croatia, but they present the
same increasing trend.

Annual Euro per inhabitant Annual Euro per inhabitant

11500 14000 13700

11100
11000

Splitsko-dalmatinska zupanijat Croatia 12900
13000
o 12100
10500 10200 2000
i 11300
10000
9500 11000 10700
9500
10000
9000 8900
8500 8400 9000

2015 2016 2017 2018 2019 2015 2016 2017 2018 2019

Figure 6- GDP per capita trend for Gatia andSplit-DalmatiaCounty; time range 2018019 (own
elaboration from EUROSTAT data)

In the following figures national and local gross value added (GVA) per sector are reported on the

base of EUROSTAT data
’-

> L

Total GVA
Total GVA 45753.63 x10%€
37522.55x10°€
28% 29%
2015-GVAC Croatia 2019-GVA _Croatia

(@)
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Total GVA

Total GVA
3125.57x10% 27% 3965.45x10%
2015-GVA Splitsko-dalmatinska zupanija 2019-GVA Splitsko-dalmatinska zupanija (b)

Agriculture, forestry and fishing
Industry [include manufacturing]
Construction
Wholesale&retail trade; transport; accommedation&food service activities; information&communication
- Financial and insurance acty; real estate acty; professional, scientific and technical acty; administrative and support service acty
Public administration defence compulsory social security; education; human health&social work acty; arts,entertainment&recreation,repair of household goods&other services

Figure 7- annual @ational (a) and local (b) GV&4b. Years 2015 and 2019
(own elaboration from EUROSTAT data)

Regional wholesale and retail trade, transportation, accommodation and food service activities are
larger than national ones, while industry sector is less presexitf(shing, olive, wine production,

paper, concrete and chemicals) (Wikipedia). It is due to the strong tourist vocation of Dalmatia,
moreover confirmed by the consistent contribute to regional GVA of real estate activities.

The SplitDalmatia County haabout 9% of the total national employees (EUROSTAT), the most
part employed ithe service sectof§igure 8).

Employees by sector national Employees in the region by sector

2% 1%
W Agriculture, forestry and
fishing

m Agriculture, forestry and
fishing

W Industry+supply of goods
(without construction)

Bindustry+supply of goods

(without construction)
W Construction m Construction

M Transport M Transport

W Services M Services

Figure 8 National and local employees by sector (Prospect2030)

In SplitDalmatia County the average annual registemeeimployment rate decreased from 17% in
2017 to 14.3% in 2018, a little more than national data (12.1% in 2017 to 9.7% in 2018), but the
average monthly net earnings are below the national average for ~12.1% (Croatian Bureau of
Statistics)

To be mentionedrodosplit the largest shipyard in Croatia. It employs around 2,300 people.
(Wikipedia)

2.5Transports and infrastructures

Relate to public transportation all parts of Split are connected by a network of buses (Official website
of City of Split)

10
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Figure 9- Split public traffic network (Promet Split)

In Split-Dalmatia county rail transport is not the most used public transport. Split is connected with
some municipalities as Primorski Dolac and th
Knnamd Zadar is connected t o -Htasg/englhwzinffaBrG | NFRAST

Figure 10- Railway systeminSpiba |l mati a County (HG I NFRASTRUKT

Usually bus transport is preferred to rail transporstoring time. At passenger service more than 30
lines are available for suburban and wider city traffic.
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