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Abstract
This paper estimates a measure of coal price for all NUTS3 Italian provinces 
between 1861 and 1911. Italy was a latecomer country and its late industrialization 
was characterized by the absence of coal in a time when the steam engine powered 
factory work. The new variable accounts for the main input factor of manufactur-
ing production during that period in which the Italian economy registered a long-
term growth of GDP and an increase in its industrial activity. The measure allows to 
speculate on the importance of coal for Italian industrialization and on the origins of 
the North–South divide.
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1 Introduction

Recently, fossil coal and the demand for fuel are at the center of both political and 
social attention. The need to develop low-carbon technology to help facilitate the 
transition to clean energy has become nowadays an urgent imperative of the global 
agenda. However, less than three hundred years ago coal appeared in history as one 
of the major characters in what is considered today the main economic and social 
transformation of modern economies: the Industrial Revolution. At the time no one 
would have thought that burning fossil fuels would affect climate and global warm-
ing. Indeed, during the second half of the eighteenth century having domestic coal 
made the difference, and its abundance provided a stable source of energy to power 
new machines.

This paper examines the price of fossil coal and its distribution across the Ital-
ian peninsula. Italy lacked domestic coal resources, and according to economic 
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historians (Bardini 1997, 1998; Toninelli 1999, 2010; Malanima and Zamagni 
2010; Bartoletto 2005, 2013) this was one of the main reasons for the backward-
ness of its industrial structure. Italy was a latecomer country and experienced an 
industrial revolution more than one hundred years after the U.K. If for three centu-
ries (from around 1300 to 1600) Italian manufacturing led European production, at 
the time of its unification (1861) Italy was a relatively underdeveloped area with a 
slow growth up to the 1880s. The average annual growth rates of GDP and manu-
facturing remained relatively slow until 1896; it was only during this year that Italy 
registered growth acceleration (Gomellini and Toniolo 2017).1 However, the timing 
and the reason behind Italy’s late industrialization are still debated. According to 
Bonelli (1978) and Cafagna (1972), Italy industrialized before unification. Romeo 
(1959) dates Italian industrial acceleration during the 1880s after the completion of 
the main railway network. Gerschenkron (1962) links Italy’s industrial revolution to 
the establishment of universal banks during the 1890s. Consistent with the Kuznets 
cycle, for Fenoaltea (1988, 2006) the inflow of foreign capitals starting from the 
1880s boosted the construction sector, increasing, in turn, the performance of the 
whole economy. Although these positive figures in its industrial production, Italian 
manufacturing was still far from the benchmark level reached by the second-comers 
to industrialization. The most advanced technological sectors didn’t exist and many 
productions were not able to survive without the state’s intervention (Bardini 1997). 
The main reason for this backwardness and slow catching-up was, according to Bar-
dini (1997), the absence of fossil coal in a period when the steam engine was the 
main technology of the time.

According to Allen (2001, 2011), the first British Industrial Revolution during the 
second half of the eighteenth century has been possible because the cost of energy 
(coal) was low and the cost of labor was high: the need to use the most profita-
ble combination of the two input factors was the incentive to invent coal-powered 
machines that led to the technological transformation of the Industrial Revolution. 
However, since fossil coal could be imported or substituted, some economic histori-
ans denied the importance of domestic coal and its crucial role in the development 
of an advanced industrial productive structure.2 If a single-cause explanation is far 
from being reasonable, the role of coal as a driver, prerequisite, or collateral factor 
is disputed. For authors like Ashton (1948), Cipolla (1962), Deane (1965), Landes 
(1966), Wilkinson (1973), Pollard (1981), Braudel (1982), Church (1986), Wrigley 
(1988, 2010), Pomeranz (2000), Allen (2011) and Kander et  al. (2013), the Brit-
ish Industrial Revolution was essentially an energy matter. The switch from a tra-
ditional vegetable-based economy3 to a mineral-based one4 allowed firms to access 
cheap and large reserves of energy to power new machines. Work mechanization 
improved the efficiency of the production processes with resulting industrialization 

1 See Baffigi (2011, 2013) for detailed estimates on historical Italian national accounts.
2 Clark and Jacks (2007) and Fernihough and O’Rourke (2021) provide a clear summary of the debate.
3 Wood, animals, water, and wind were the main traditional vegetable energy carriers. See Malanima 
(2006) for details.
4 Coal and iron essentially (Deane 1965).
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and economic growth. Other scholars like Mokyr (1976, 1990, 2009), McCloskey 
(1981, 2010), Crafts (1985), Crafts and Harley (1992), Clark and Jacks (2007) and 
Galor (2011), instead, recognize to coal a small contribution. Technological change 
was the main actor of the Industrial Revolution and the energy efficiency given by 
coal usage was the driver for the transformation process. Wright (1990) finds a com-
mon ground in the debate, arguing that the geological advantage of coal endow-
ments needed the skills to exploit them. More recently, the role of coal has been 
empirically tested. Kander and Stern (2014) show that the transition from traditional 
to modern energy sources, like coal, was a necessary, but not sufficient, condition 
for industrialization and economic growth in a mostly coal-importing country like 
Sweden.5Matheis (2016) and Hanlon (2020) link long-run negative effects to coal:6 
coal production positively affected the U.S. population growth and the manufactur-
ing activity only in the short run (Matheis 2016). Fernihough and O’Rourke (2021) 
prove that European urbanization during the Industrial Revolution was boosted by 
the proximity to coalfields. Using a smaller lens, Crafts and Mulatu (2006) and Gut-
berlet (2014) study the effect of the coal endowment on the location choices of man-
ufacturing industries in Britain and Germany, respectively. Crafts and Wolf (2014) 
find that coal proximity did not determine the spatial distribution of cotton mills in 
the United Kingdom, but coal prices affected the size of the cotton textile industry.7

This paper contributes to the debate by providing a measure of coal price for the 
Italian territory at the NUTS3 level. This represents a novelty in the economic his-
tory literature: Cianci (1933) and Vazza et al. (1965) provide the price of imported 
coal in Genoa from 1870 to 1929 and from 1845 to 1905, respectively; more recently, 
Federico et al. (2011) present more detailed data for the period 1862–1921.8 This 
paper makes a step forward and computes the coal price for the 51 years between 
1861 and 1911 for all the Italian provinces of the time.

As pointed out by Farnie (1979) and Crafts and Wolf (2014), a coal price meas-
ure at the local level captures the distance from coal reserves and the development 
of the transport infrastructure. In these terms, it reflects a pure geographic compo-
nent—the natural endowment—and an institutional one - the prevailing transport 
costs—suggesting how variation in coal prices originates from two main factors. 
Both first- and second-nature geography features allow to assess the local advantage 
of an area and the agglomeration economies for industries. Moreover, a measure 
of coal price can be used to empirically test the importance of coal for economic 
growth and industrial development within-country, acknowledging its role as locally 
determinant, concomitant, or trivial. However, the analysis here proposed involves 
important information that allows going beyond a mere economic measure that can 
be used in empirical analyses and historical investigations. The role of coal—and 
energy in general—for Italian industrialization and the origin of the North–South 

5 In a similar vein Wrigley (2010) about the British Industrial Revolution.
6 Coal-generated pollution, decreased employment and urbanization rates in British cities (Hanlon 
2020).
7 Rodgers (1960) recognizes the importance of coal prices on the location of the cotton industry.
8 The Italian price is the Genoa coal price.
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divergence represents a pivotal question in the controversial debate about Italy’s 
economic growth.9 The energy shortage is an issue that affects Italy since its uni-
fication. As stated by Toninelli (2010), modern developed economies stand out for 
a lower energy intensity: the use of energy per GDP unit decreases with income; in 
low-income countries, instead, it increases. In Italy, the lack of primary energy car-
riers might have constrained the innovation frontier: Bardini (1997) highlights how, 
during the last decades of the nineteenth century, the absence of coal might have 
forced Italy into a coal-saving innovation path. Toninelli (2008), instead, finds how 
Italy’s dependence on foreign fuel and oil coupled with state intervention, particu-
larly after the oil crisis of 1973. According to Cafagna (1989, 1999) and Toninelli 
(1999, 2008), among the others, the current Italian industrial organization made up 
of many small- and medium-sized enterprises originates—besides other things—
from the need to save coal. This led to an alternative industrial system characterized 
by a small-scale production of less technologically sophisticated goods, needing a 
lower quantity of power, and induced the efficient use of available energy sources, 
like water.

Water mills, iron, and coal supported the first wave of Italian economic growth 
together with the transport development and different trends across northern and 
southern Italy (Malanima and Zamagni 2010). Northern Italy had superior access 
to transportation and connection with foreign trade partners. Moreover, as observed 
by A’Hearn and Venables (2013), the proximity of rivers and watercourses gave to 
northern Italy an additional advantage: the availability of water sources for the pro-
duction of mechanical energy and hydroelectric power. The historical North–South 
differences in terms of energy substitutes and transport infrastructure endowment 
are still a matter nowadays.10 Ciccarelli and Fenoaltea (2013) argue that the develop-
ment of railways before and after the Italian unification failed in creating a homo-
geneous internal economy. Also energy production and use are quite heterogeneous 
across the country: today the production and adoption of renewable energy sources 
is essentially a northern Italy’s matter. An index that varies within country might 
be instrumental in shedding light on these geographical imbalances. The last part 
of this paper examines these issues and provides two simple exercises. It adopts the 
computed coal prices at the NUTS3 level to explore the role of the transport infra-
structure in making the price of coal lower and the proximity to watercourses in 
being less dependent on coal. Results confirm the advantage of northern territories: 
the more intricate railway system gave them a second-nature advantage, while the 
greater access to water energy represented a first-nature advantage. Minor urban 
centers in the North could access coal thanks to the developed transport infrastruc-
ture, this was less the case in the South. Moreover, thanks to the greater availability 
of hydro power, the price of coal weighed less on northern provinces since the pos-
sibility to substitute coal with water.

10 The construction of motorways during the 20th century resulted in a dichotomous territory: a devel-
oped North-Center and a backward South (Cosci and Mirra 2018).

9 See Federico et al. (2019) for a summary of the origins of the regional North–South divide.
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Four sections follow. Section 2 discusses the peculiar situation faced by Italy dur-
ing the nineteenth century: the need for coal in a territory lacking domestic coal 
resources. In Sect. 3 the construction of a new measure of coal price at the NUTS3 
level is presented. Section 4 analyzes two issues linked with the price of an imported 
factor: the existence of extended transport infrastructure and the presence of a coal 
substitute. Section 5 concludes.

2  The need for coal: import and distribution

For a long time, vegetable sources represented the main energy carriers in Italy. 
Firewood and food for human and animal work were the principal power fuels, and 
still in 1861 the country was mostly dependent on traditional sources: coal—the 
modern energy carrier—represented only 7% of the total consumption.11 From the 
1880s onward, coal consumption accelerated; it became 40% of the total usage on 
the eve of World War I and in 1911 steam power represented 29% of the total indus-
trial consumption (Malanima 2006).12

Coal consumption growth combined with the decreasing availability of traditional 
sources. As stated by Adami (1886), during the nineteenth century vegetable fuels 
became sparse and expensive and they were not sufficient to cover the entire demand 
of energy coming from the metallurgic industry, mines, firms, and needed to power 
railways, tramways, steamships and to produce gas-lights. Moreover, although from 
a mere geological point of view, the Carboniferous period dominated also the Ital-
ian territory, the rich deposits of coal typical of other European countries (such as 
the U.K., Belgium, and France) were scarce in Italy with few outcrops of anthra-
cite and lignite.13 This is shown in Fig. 1: there were no main coalfields and Car-
boniferous rock strata are mostly concentrated in the island of Sardinia and in the 
Calabria region. However, coal quarried from the Sardinian mines was few and of 
poor quality.14 The need of importing coal was then a clear consequence of insuf-
ficient domestic resources.

The scarcity of coal was not a neutral condition for Italy. Bardini (1997) under-
lines how the high weight of coal, as a bulky commodity, made the import of coal 
particularly expensive, with high shipping costs weighing on the final price. Com-
pared to the U.K.—its main coal trade partner—the price of fossil coal in Italy was 
4–5 times higher and 3–4 times higher compared to other Western Europe econo-
mies, like Germany, France, or the U.S.15

Import flows increased during the first decades of the nineteenth century. As 
stated by Malanima (2006), the reduction of sea transport costs increased coal 

11 According to Malanima (2006), total consumption includes both household and industrial usage.
12 Steam energy accounted for 465,343 CV (i.e. cavalli vapore. It is the Italian measure for power, 
similar to the horsepower, HP) out of 1,603,836 total industrial CV (Source: MAIC, Ministero di Agri-
coltura, Industria e Commercio (1914)).
13 Bollettino Consolare (1883, p. 38)  reports that the lack of fossil coal resources was confirmed by a 
research conducted by the Committee of Inquiry on the Merchant Navy.
14 Malanima (2006).
15 Bardini (1998) compares fossil coal prices in Italy and other countries for the period 1883–1912.
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shipping, especially to Genoa. Genoa was the main import port for fossil coal and 
other goods from abroad. In 1882, 346 out of 430 domestic ships docked at the port 
of Genoa with an overall dead weight tonnage of 203,707 out of 250,615. Fossil coal 
represented the majority of traded goods: in 1882, 291,968 out of 677,191 tons of 
coal were unloaded in the port (Bollettino Consolare 1883). The predominance of 
Genoa persisted and one-third of total coal imported to Italy was addressed to Genoa 
also in the following years. Since the large coal shipments arriving in Genoa, the 
port was organized in two areas: one specific for coal and the second assigned to all 
other commodities (Corbino 1922).

The urgency to obtain coal and its widespread employment across all the pen-
insula clearly emerged in the trade bulletins: fossil coal arrived from Cardiff to all 
main and minor Italian ports. Figure 2 provides a map with the 26 import ports and 
the quantity of coal imported in 1882. Savona, near Genoa, was the second import 
port for coal, followed by Brindisi southeasterly, Naples, and Palermo in Sicily.

The need for coal and the provision of fossil fuel that was at the same time of 
good quality and cheap enlivened the discussions and the research of the time. 
Because of these two characteristics, British coal was always the favorite in Italy. 
However, historical reports and bulletins argued for the need of considering other 
supply sources, other than the British one. Referring to Belgium, Bollettino Con-
solare (1869) highlighted how the export of Belgian coal was virtually nonexistent: 
coalfields were far from Antwerp and the port lacked all those facilities needed to 
load coal into the ships. Transport costs needed to move coal from the pitheads to 
Antwerp increased the price of coal at the import port. This was not the case in the 
U.K.: coal basins were close to Newcastle and Cardiff and the ports were equipped 
with all those technological mechanisms that made loading and unloading easy and 
fast. However, the bulletin argued how Italian cargo ships that shipped goods from 
America to Belgium, once arrived in Antwerp needed to ballast the ship and reach 
the U.K. because no coal was available in the Belgian port. This caused an increase 
in transport costs and time. The bulletin underlines that, if coal had been available in 
Antwerp, the higher price of Belgian coal could offset the transport costs to arrive in 
the U.K., arguing how finding convenient solutions was a serious issue of the time.

Italian import ports differed in terms of coal freight costs (noli del carbone in 
Italian). Shipping costs were responsible for expensive coal prices in Italy and dis-
tance was the component that mostly weighed on final sea transports costs. How-
ever, goods freight rates were not exclusively fixed according to distances, but also 
to competition, market factors, and transshipment. Ship companies had to strug-
gle with the prices made by other companies: freight rates in Livorno, despite the 
greater distance, were lower compared to those in Genoa (Bollettino Consolare 
1883).

Once arrived at the port, fossil coal needed to be distributed across the entire 
peninsula. The distribution of coal across the territory depended on the existence 
of available transport infrastructure and still in 1886, as acknowledged by Adami 
(1886), the network was not so developed. Railways were the main transport mode 
to move coal to industrial areas and urban centers, and distance was the major fac-
tor in determining the convenience of fossil fuel for production activities. Abrate 
(1970) estimates that in 1870 French coal in Turin had a price of 35 Italian Lire per 
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ton: 15 Lire was the price of coal, 20 Lire were the transport costs to deliver coal 
from St. Etienne by railways. Because of sea shipping costs, British coal, instead, 
was much more expensive: it arrived at the port of Genoa and was then transported 
to Turin by railways, with a final price of 55 Lire. Considering that in 1870 the price 
of coal in Cardiff was 12 Italian Lire16 and the price in Genoa was 40 Lire,17 mari-
time shipping costs amounted to 28 Lire per ton, while the cost of transporting coal 
from Genoa to Turin was 15 Lire per ton.18 The railway transport cost was also sub-
ject to the cost of coal itself. Based on the steam engine and representing the fuel 
to power locomotives, the increase or reduction of the cost of coal, affected also 
the cost of the railway service. As a commodity, instead, coal was subjected to ad 
hoc railways fares that weighed on coal final price. A further constraint was repre-
sented by the unavailability of railway lines in many provinces. Railways expanded 
over time and in 1881 the kilometers of railways were three and a half times those 

Fig. 1  Carboniferous rocks and major coalfields in 1931 in Europe. Source: Author’s elaborations from 
Fernihough and O’Rourke (2021) data. Shape file from Carlos Efraín Porto Tapiquén, Orogénesis Solu-
ciones Geográficas (2015)

16 9.3 shillings per ton (Bollettino Consolare 1883, p. 65), which corresponds to 0.46 pounds per ton. 
This estimate is consistent with the one by Walters (1975).
17 Source: Federico et al. (2011).
18 Indeed, according to historical sources, British coal was considered of the best quality compared to 
the French one. Therefore, the higher price of British coal in Genoa was compensated by higher quality.
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after Unification. By 1886 the main city center in all provinces was reachable by 
railways.19 When no railways were available, historical sources report that coal was 
distributed by ox- or horse-drawn carts. However, because of the costs and duration, 
this mode of transport was not convenient.

Fig. 2  Coal import ports and imported quantity (tons) in 1882. Source: Author’s elaborations from 
Bollettino Consolare (1883) information. Shape file from Istat

19 The sole province that was not completely linked by railways was Sondrio in Lombardy (North-West 
of Italy).
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3  The coal price measure: data and methodology

A measure of coal price for Italy already exists. Data on the price of coal for the 
Liberal Age have been firstly collected by Cianci (1933) and Vazza et  al. (1965). 
More recently, Federico et al. (2011) produced a more reliable estimate.20 All con-
tributions provide a country-level proxy: the price of coal computed at the port of 
Genoa. Genoa coal price could be used as the Italian indicator for the price of coal, 
assuming local homogeneity and null distributional costs. This paper makes a step 
forward and computes a measure at the NUTS3 level, allowing differences across 
provinces. As highlighted by Bartoletto (2005), the price of coal in the Italian ports 
was 5–6 times higher than in the British ports, the price was even higher in the inter-
nal areas of the peninsula where coal cost 10 times more.

The new measure of coal price is the sum of the price of coal imported from 
Cardiff21 and all transport costs to deliver the coal locally. The measure has been 
constructed for all historical Italian provinces for the period 1861–1911. Data and 
methodology are described by separating provinces between those with a port and 
those without a port.

3.1  Coal price in provinces with a port

The initial step consisted in understanding how coal was imported and distributed in 
each historical province with a port.22

40 out of 69 provinces have access to the sea. Among these, those with at least 
one port are 35. However, not all ports were commercial ports.23 Indeed, as listed in 
Bollettino Consolare (1883), coal was imported in 26 main Italian ports, as shown 
previously in Fig. 2. Many of these ports belong to the same province; coal was then 
imported to 17 provinces.24 However, according to Corbino (1923b, c, 1924a), also 
the ports of Oneglia and Porto Maurizio, Ortona, and Siracusa in the provinces of 
Imperia, Chieti, and Siracusa, respectively, were coal import ports. In these terms, 
fossil coal was imported directly from the U.K. to 30 ports and 20 provinces. The 
computation of the price of coal for provinces with an import port is straightfor-
ward: the coal shipping transport cost of each Italian port is added to the price of 
coal in Cardiff.

20 Felloni (1957) provides the series of charcoal price in Turin for the nineteenth century.
21 According to Bollettino Consolare (1883), British coal was of the best quality and the one exported 
from Cardiff was the cheapest. For these reasons between 1876 and 1882, the amount of coal shipped 
from the port of Cardiff increased, and in 1881 it reached one-third of the total British coal exported to 
Italy (633,971 out of 1,727,829 tons). In the port of Cardiff it was always possible for foreign ships to 
find coal for the outward leg and its location made the approach and docking easy with every kind of 
weather.
22 According to the decennial census, Italy counted 59 provinces from 1861 to 1870, and 69 starting 
from 1871 (Source: Istat).
23 Corbino (1922, 1923a, b, c, 1924a, b) provides a detailed analysis of Italian ports and their activity.
24 Genoa, Venice, Livorno, Ancona, Rome, Caserta, Naples, Bari, Lecce, Reggio Calabria, Messina, 
Catania, Agrigento, Palermo, Trapani, Cagliari, Sassari.
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The coal shipping fares (in Italian noli del carbone) are reported by Harley (1989) 
for the sole port of Genoa from 1839 to 1913. The same detail is not provided for all 
other ports. For the major Italian ports, the information can be sourced from Bollet-
tino Consolare (1883) but only for two years, 1881 and 1882; however, still, some 
ports are missed. To obtain a long series for all coal import ports, the two sources 
have been combined and the computation required some assumptions.

To start, the information provided by both sources has been compared. Accord-
ing to Harley (1989) transporting one ton of coal to Genoa costed 13.6 shillings 
(s.) in 1881 and 12.7  s. in 1882. Bollettino Consolare (1883) reports 13.9  s. and 
12 s., respectively. Although not completely identical, the two sources provide simi-
lar estimates.

The second step consisted in obtaining the coal rate cost for the 11 ports not 
listed in Bollettino Consolare (1883) and to consider only the main port for those 
provinces having more than one.25 For these ports it has been assumed the same 
transport costs of the nearest port:26 for Reggio Calabria the same transport cost as 
Messina, for example.27 A further assumption regarded the port of Gaeta, at that 
time included in the province of Caserta.28 Since this port—compared to the one 
of Naples—was a small port with reduced trade flows, it has been assumed that the 
majority of coal distributed in the province of Caserta had as a starting point the 
port of Naples.

The third step consisted in computing the percentage differential between the 
transport cost in Genoa and those in the other Italian coal import ports in 1881 (as 
reported in Bollettino Consolare (1883)) and applying this differential to the trans-
port cost provided by Harley (1989), obtaining the coal transport cost for all 19 
ports/provinces for all years. The solution adopted implicitly assumes that coal ship-
ping fares in all ports vary across years in the same proportion as Genoa coal trans-
port cost does.29 To express the measure in Italian Lire, the exchange rate between 

25 The bulletin provides the coal transport cost for 11 ports and 9 provinces: Ancona, Brindisi (Lecce), 
Cagliari, Genoa, La Spezia, Livorno, Messina, Naples, Palermo, Savona, Venice. Savona and La Spezia 
belong to the province of Genoa. It does not list the coal transport cost for the ports of Oneglia-Porto 
Maurizio (Imperia), Ortona (Chieti), Civitavecchia (Rome), Gaeta (Caserta), Bari, Reggio Calabria, 
Agrigento, Catania, Siracusa, Trapani, Porto Torres (Sassari).
26 It can be argued whether this assumption is too strong. As mentioned before, the distance determines 
transport costs only partially. Transport fares are also the result of competition and market power.
27 Oneglia-Porto Maurizio (Imperia) has the same transport cost as Savona. Ortona (Chieti) has the 
same transport cost as Ancona. Civitavecchia (Rome) has the same transport cost as Livorno. Bari has 
the same transport cost as Brindisi (Lecce). Reggio Calabria has the same transport cost as Messina. 
Agrigento, Catania, Siracusa and Trapani have the same transport cost as Palermo. Porto Torres (Sassari) 
has the same transport cost as Cagliari.
28 Nowadays the port of Gaeta belongs to the province of Latina.
29 The assumption accommodates the change in time of prices, that is quite homogeneous within coun-
try. Bollettino Consolare (1883, p. 66) reports the coal shipping fares in shillings for several foreign ports 
(including the Italian ports of Ancona, Brindisi, Cagliari, Genoa, La Spezia, Livorno, Messina, Naples, 
Palermo, Savona, Venice) in two years (1881-1882). As a robustness check, these data have been used to 
compute the price differential between 1881 and 1882 to verify the suitability of using Genoa’s price var-
iation as representative for all Italian ports. Comparing the results, it emerges a similar pattern. All coal 
shipping fares decrease from 1881 to 1882: on average, Italian ports experienced a reduction of 6.7%. 
This value is very close to the percentage registered in Genoa: from 1881 to 1882 the cost of transporting 
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the Italian currency and the British one from Spinelli and Toso (1989) has been 
used. The estimates are presented in Fig. 3.

The second variable needed to compute the price of coal in the Italian import 
ports is the price of coal (free on board) in the port of Cardiff. The information is 
provided by Bollettino Consolare (1883) from 1840 to 1882. Bardini (1998) lists 
the price of coal in the U.K. from 1883 to 191330 and the price of coal in southern 
Wales from 1882 to 1912. However, both prices refer to the price of coal at the pit-
head. Comparing the data from Bardini (1998) with those from Bollettino Consolare 
(1883) for the sole year they have in common—1882—it emerges a significant dif-
ference between the two prices. Therefore, it is not possible to combine the sources 
to obtain a unique series. For these reasons, the price of coal in Cardiff has been 
computed starting from the information provided by Federico et  al. (2011) about 
Genoa coal price. Shipping coal fares in Genoa from Harley (1989) and transformed 
above in Italian Lire have been subtracted from the Genoa coal price by Federico 
et al. (2011)—also expressed in Lire. The information obtained has been compared 
for the years 1861–1882 with the one provided by Bollettino Consolare (1883), that 
acted as a benchmark. The computed price of coal in Cardiff, and expressed in Lire, 
has been lastly added to the sea transport costs computed above, obtaining the coal 
price in the Italian import ports. The estimates are presented in Fig. 4.

Bari, Brindisi (Lecce), Cagliari and Porto Torres (Sassari) stood out for the low-
est coal price; in the port of Venice, instead, the price of coal was the highest.

The price of coal in Cardiff is the single coal price considered here. The under-
lying hypothesis is that the price of coal in Italy was essentially determined by 
the value of coal in the port of Cardiff, disregarding the effect played by the price 
of national coal and of coal imported from other countries or shipped from other 
British ports. This assumption is supported by three main reasons. First, domestic 
coal—like the one quarried in Sardinia, the region with the major coalfields of the 
country—was scarce and of poor quality, with a reduced content of carbon and a 
high concentration of water and volatile materials. Its heating power was low and 
not suitable for the steel and iron industry. It was mainly used in the island for heat-
ing purposes or for steam productions, and until World War I only 25,000 tons per 
year were extracted on average from the main mine of the island (Benincasa 2015). 
Sella (1871) argues how local fossil coal could not be compared to the British one. 
If better quality was the main reason for British coal superiority,31 the lack of con-
venient and cheap transport systems in the island did not allow to guarantee a price 
below the competitive level, making the U.K. coal more attractive also from a mere 
spending point of view. Second, coal imported from other European countries had 
not enough power to compete with the one exported from the U.K. ports. During the 

31 It was established that, under the same conditions, to heat steam boilers the consumed quantity of Sar-
dinian fossil coal and of British one was in the ratio of 42 to 25, respectively (Sella 1871).

coal by sea reduced by 7.0%. A similar trend and not too large differences in percentage values allow tak-
ing Genoa’s shipping price differentials as a benchmark.

Footnote 29 (continued)

30 As reported by Bardini (1998), the information has been sourced from the British Parliamentary 
Papers of 1911 and 1924.
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nineteenth century, British coal supplies dominated the world market and they were 
used to ballast the ships in the outward journey, taking advantage of low transport 
rates (Jevons 1865). Fremdling (1996) notices how German domestic coal in Ger-
man, French, and Dutch markets could not overtake supplies from the U.K. reserves. 
However, with the construction of railways, British coal was replaced in some loca-
tions by domestic coal. In India, for instance, foreign coal consumption decreased 
from 25% in 1890 to 5% in 1899 (Department of Statistics India 1922). Wegerich 
(2017) shows for different global ports how British coal faced competition from for-
eign supplies (like Germany or the U.S.), but this happened mainly during the sec-
ond decade of the 20th century. Third, coal shipped from other British ports had a 
similar price as the one in Cardiff. Coal prices reported in the British Parliamentary 
Papers (1913, 1925) for Great Britain show similar series for the North Wales, South 
Wales, and the U.K. average pithead price. The equalization of the three prices both 
in level and trend makes the Cardiff price representative for the British coal price. 
A further point has to do with comparability. Since Cardiff coal was for a long time 
exported and employed all over the world (southern Europe, North Africa, North 
and Latin America, India, China, Australia),32 referring to Cardiff coal prices as a 
background will allow comparison between Italian provinces and foreign countries 
or regions.33

Fig. 3  Coal shipping transport costs (Italian Lire per ton). Source: Author’s elaborations from Bollettino 
Consolare (1883) information, Harley (1989), and Spinelli and Toso (1989) data

32 See Kirkaldy (1914) and Office of Naval Intelligence (1900, 1909) for global ports reached by Welsh 
coal.
33 Wegerich (2017) constructs coal price series from 1840 to 1960 for 30 ports and for major exporting 
countries using the Cardiff coal price as a reference price in his computations and analyses.
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3.2  Coal price in provinces without a port

Once arrived at the import ports, coal needed to be distributed in those provinces 
without a port. Several historical sources34 have been used to identify the import 
port for all 43 (until 1870) and 52 (from 1871 onward) provinces not endowed with 
a port.35 When no reference was found, the nearest port rule has been applied: goods 
were distributed in the province from the closest import port. Corbino (1923a) 
explains that Italian ports served mostly the neighboring areas. An investigation of 
the origins and destinations of the port of Genoa shows that, while the departing 
wagons do not go, with some exceptions, beyond a distance of 50 kilometers towards 
Ventimiglia and Pisa, the arriving wagons come from farther distances, that is, as 

Fig. 4  Coal price in the import ports (Italian Lire per ton). Source: Author’s elaborations from Bollet-
tino Consolare (1883) information and from Federico et al. (2011), Harley (1989), and Spinelli and Toso 
(1989) data

34 Corbino (1922, 1923a, b, c, 1924a, b); Bardini (1998), Gazzetta Ufficiale (1935), MAIC (1881), Bar-
toletto (2004), Deffenu (1976) and Garzella et al. (2013).
35 3 out of 20 provinces with a coal import port have their main city center (Caserta, Lecce, Rome) far 
from the port. From the port of Ancona coal was distributed to the provinces of Ascoli Piceno, Forlí, 
Macerata, Perugia, Pesaro-Urbino. From the port of Bari coal was distributed to the province of Foggia. 
From the port of Brindisi coal was distributed to the province of Lecce. From the port of Catania coal 
was distributed to the province of Caltanissetta. From the port of Ortona (Chieti) coal was distributed to 
the provinces of L’Aquila and Teramo. From the port of Civitavecchia (Rome) coal was distributed to the 
provinces of Grosseto and Rome. From the port of Genoa coal was distributed to the provinces of Ales-
sandria, Bergamo, Como, Cremona, Cuneo, Milan, Modena, Novara, Parma, Pavia, Piacenza, Reggio 
Emilia, Sondrio, Turin. From the port of Livorno coal was distributed to the provinces of Arezzo, Flor-
ence, Lucca, Massa-Carrara, Pisa, Siena. From the port of Naples coal was distributed to the provinces 
of Avellino, Benevento, Campobasso, Caserta, Potenza, Salerno. From the port of Reggio Calabria coal 
was distributed to the provinces of Catanzaro, Cosenza. From the port of Venice coal was distributed to 
the provinces of Belluno, Bologna, Brescia, Ferrara, Mantova, Padova, Ravenna, Rovigo, Treviso, Udine, 
Verona, Vicenza.
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far as the cost of railway transport is cheaper than that of transshipment (Corbino 
1922). Because of the high inland transport costs and the reduced railway network 
in the early years after the Italian unification, it was more convenient to distribute 
coal from the nearest port, reducing inward transportation. For instance, Carrino and 
Salvemini (2006) observe how during the nineteenth century the lack of a developed 
railway network between Naples and Reggio Calabria—in the South—was over-
come by ship transportation: the sea played a substitute role even for minute trade 
between places very close as the crow flies and far from the coast. As reported in 
Gazzetta Ufficiale (1910) the nearest port was customary for moving goods: exports 
and imports from the island of Sardinia to continental Italy were ruled by the nearest 
sea route. Low-speed goods shipping, departing from Sardinia, could be routed for a 
transit other than that determined by the closest route, only if the transport document 
included all the necessary information about the continental railway lines to deliver 
the goods to the final destination.

The price of coal in the provinces without a port was, therefore, equal to the price 
of coal in the import port plus inland transport costs: coal arrived via railways or 
transported through ox- or horse-drawn carts if railway lines were not available.

Inland transport costs are determined by the distance from the import port 
weighted by the fare for each transported ton of coal. The distance between the port 
and the main city center of the province has been computed in terms of transport 
infrastructure. Railways were the main mode to distribute coal and their develop-
ment in Europe during the nineteenth century allowed the transport of heavy loads 
of goods across each country. The first Italian railway line was constructed in 1839 
and by 1894 all provincial capitals were linked to the main Italian ports.36 Cicca-
relli and Groote (2017) provide the shape file of the Italian railway network for the 
period 1839–1913. The GIS file has been used to compute the infrastructural dis-
tance (km) from the port to the main rail station of each province for each year. 
Because of the central role railways played in moving coal, they have been assumed 
as the preferred mode of transport. If railway lines were not available or allowed to 
travel only a part of the whole route, the distance to the nearest rail station has been 
computed and the remaining distance has been traced in terms of roads. To account 
for road distances, the shape file of the Roman road network by McCormick et al. 
(2013)  has been employed. These are all roads constructed by the Romans until 
117 A.D. (peak of the Roman Empire) and used as a proxy of existing paths where 
horse- or ox-drawn wagons could travel to deliver coal.37 When no traced roads were 

36 By 1886 all but one provincial capitals were connected to the nearest port by railways. Sondrio in 
Lombardy only by 1894.
37 According to historical sources, during the nineteenth century, the Italian road network consisted of 
approximately 3000 km and was in a dilapidated condition. This was a direct consequence of the negli-
gence during the Middle Ages: the almost 19,600 km of Roman roads that existed under Trajan went dis-
rupted. Nevertheless, the main longitudinal and transverse axis were maintained during medieval times 
and, towards the middle of the nineteenth century, the old Roman road system still represented the foun-
dation of mobility. Modern motorways, railways, and main roads across Italy trace the historical Roman 
road network (De Benedictis et al. 2021).
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available, straight-line distances have been computed.38 In 1861, 20 out of 43 prov-
inces without a port were linked to the import port exclusively by railways, 13 by 
both railways and roads, and 10 only by roads.

Beyond infrastructural distance, inland transport costs are increased by fares. 
These can be variable (i.e. the cost per km) or fixed (i.e. the cost due for using a 
mode of transport). In Ferrovie dello Stato (1912) railway variable rates and the ter-
minal component for each transported ton are reported for a wide list of goods—
including fossil coal.39 The information is provided for the year 1911. Following the 
same approach as Missiaia (2016), to project back in time variable and fixed railway 
fares, the information provided by Ferrovie dello Stato (1912) has been combined 
with the one in Noyes (1905), who lists for the U.S. and some European countries - 
including Italy—the average railway rates for different years starting from 1870, and 
the computations performed by Federico (2007), who computes railway fares for 
transporting wheat from 1860. Figure 5 shows the estimated cost per km for fossil 
coal. Fares are constant by decade—as in Federico (2007)—and decreasing in time, 
with higher fares for shorter journeys. Same computations have been performed for 
the terminal components (i.e. fixed rates). Elaborations—presented in Table 1—are 
consistent with those by Missiaia (2016)—who estimates average fares for distribut-
ing two representative industrial goods, wheat and coal—with some differences in 
the variable rates due to the inclusion of the sole fossil coal in the present paper’s 
computations.

The rate for transporting coal by road, instead, has been computed using the 
information sourced from Sella (1871) who provides details about different journeys 
by horse- and ox-drawn wagons from the coalfields to the export ports in Sardinia. 
On average, transporting fossil coal from the pithead to the board of a ship cost 0.59 
Italian Lire towards the second half of the nineteenth century.40

Once computed the price of coal in all import ports and all inland transport costs 
to distribute coal in each province, the formula used to obtain the price of coal in the 
latter has been the following:

38 Straight line distances have been computed in very few cases.
39 Ferrovie dello Stato (1912) provides the fixed cost for transporting each ton of fossil coal and the 
variable costs by ton for 12 different journeys: 1–50; 51–100; 101–200; 201–300; 301–400; 401–500; 
501–600; 601–700; 701–800; 801–900; 901–1000; >1000 km.
40 The fare is consistent with those existing in other countries. Bogart (2013) reports that, during the 
nineteenth century, the fare to transport one ton per mile in the U.K. was 1.46 shillings: this corresponds 
to about 1.13 Italian Lire per ton per km. Since by 1886 all but one provincial capitals were connected to 
the nearest port by railways, there is no need to project the information forward.
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The price of coal per ton for each year (t) and province (p) is determined by four 
main components: the price of coal in the nearest import port, the transport costs—
if any—of distributing the coal by railways or by land using the path of a historical 
Roman road or a simple straight line track. The price of coal is equal to the sole 
price of coal in the nearest import port for those provinces having an import port. 
For those provinces linked to the import port exclusively by railroads, the price is 
increased by the distance in km in terms of railways weighted by the cost per km—
according to the different journey fares (i)41 displayed in Table 1—plus a terminal 
cost per ton that is fixed. The distributional costs for those provinces connected to 
the import port by a Roman road or a straight line are obtained by multiplying the 
land distance in km by the cost of transporting a single ton by cart. In those prov-
inces where more than one transport system is needed to deliver the coal, the price is 
the sum of two or more distributional costs.

The estimated coal prices for provinces with and without a port are presented 
in Fig. 6, which shows the trend for the 51 years period. To provide a straightfor-
ward picture, NUTS3 level prices are averaged by NUTS1 socio-economic macro-
areas (North-West, North-East, Center, South, and Islands). Figure  6 also reports 
the prices for the port of Genoa. Coal price has overall a decreasing trend, with two 
main peaks during the 1870s and at the turn of the two centuries. At the beginning 
of the period, the South registered the highest coal price: although their access to the 
sea, southern provinces lacked an extended transport infrastructure. With the devel-
opment of railways and the decreasing of transport costs, the price of coal decreased 
in the South and from 1879 the northern provinces paid the highest price; however, 
Fig. 6 shows an equalization of prices at the end of the period.

A deeper view of the geographical variability within the peninsula can be 
observed in Fig.  7, which shows the price of coal at the NUTS3 level for six 
selected years. For each year, the coal price is divided in quintiles. In 1861, the 
price of coal had a high variability: it ranged from 39.3 Lire, in the island of Sar-
dinia and Bari (Apulia), to 162.5 Lire, in Cosenza (Calabria). In 1871, the South 
still stood and stuck out for the major and minor prices, with northern territories 
lying in between. In 1881, the lowest and highest price was 27.9 and 90.2 Lire, 
respectively, with the province of Campobasso, in the South, experiencing the 
most expensive price. In 1891 and 1901, the coal price variability decreased, 

coal pricep,t = coal price import portp,t

+ (

12
∑

i=1

distance railways kmip,t
∗ km cost railwaysit ) + (railways terminal costt ∗ r)

+ distance Roman roads kmp,t ∗ km cost wagon

+ distance straight line kmp,t ∗ km cost wagon

where r

{

1, if distance railways kmip,t
> 0

0, otherwise

41 Variable costs per ton per km are provided for 12 journeys.
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and in 1911 the range was even shorter: Cagliari, Sassari and Bari still paid the 
lowest price—28.8 Lire for one ton of coal—Cosenza the highest—49 Lire. If 
at the beginning of the period (1860s–1870s) southern and central provinces 
were those bearing the major costs and northern areas, instead—although lack-
ing access to the sea—could take advantage of the presence of an interconnected 

Fig. 5  Variable railways fares for fossil coal transport (Italian Lire per ton). Source: Author’s elabora-
tions from Ferrovie dello Stato (1912) and Noyes (1905) data, according to the methodology of Missiaia 
(2016)

Table 1  Fixed and variable railways fares for fossil coal transport (Italian Lire per ton) Source: Author’s 
elaborations from Ferrovie dello Stato (1912) and Noyes (1905) data, according to the methodology of 
Missiaia (2016)

Fare Years

1861–1865 1866–1870 1871–1880 1881–1890 1891–1900 1901–1910 1911

Fixed 2.6108 1.6953 1.6953 1.7124 1.4211 1.3905 1.2618
1–50 km 0.1171 0.0760 0.0760 0.0768 0.0637 0.0624 0.0566
51–100 km 0.1171 0.0760 0.0760 0.0768 0.0637 0.0624 0.0566
101–200 km 0.0852 0.0554 0.0554 0.0559 0.0464 0.0454 0.0412
201–300 km 0.0852 0.0554 0.0554 0.0559 0.0464 0.0454 0.0412
301–400 km 0.0745 0.0484 0.0484 0.0489 0.0405 0.0397 0.0360
401–500 km 0.0745 0.0484 0.0484 0.0489 0.0405 0.0397 0.0360
501–600 km 0.0745 0.0484 0.0484 0.0489 0.0405 0.0397 0.0360
601–700 km 0.0639 0.0415 0.0415 0.0419 0.0348 0.0341 0.0309
701–800 km 0.0639 0.0415 0.0415 0.0419 0.0348 0.0341 0.0309
801–900 km 0.0532 0.0345 0.0345 0.0349 0.0289 0.0283 0.0257
901–1000 km 0.0532 0.0345 0.0345 0.0349 0.0289 0.0283 0.0257
> 1000 km 0.0532 0.0345 0.0345 0.0349 0.0289 0.0283 0.0257
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railway system, the picture slightly changed over the years. Starting from 1881 
the reduction of transport costs lowered prices, with a more homogeneous bal-
ance between North and South at the end of the period: provinces in Lombardy 

Fig. 6  Coal price: averages by area (Italian Lire per ton). Source: Author’s elaborations. See text for 
sources

Fig. 7  Coal price in selected years (Italian Lire per ton). Source: Author’s elaborations. See text for 
sources. Shape files from Istat
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and Emilia-Romagna paid between 39 and 44 Lire per ton of coal in 1911, but 
still some southern areas - like Cosenza, Campobasso, Catanzaro, Potenza—suf-
fered from expensive prices.

Although the improved railway system reduced the imbalances between North 
and South, it did not level out the two areas. The point is examined in next Sect. 4.

4  Coal price and North–South gap

This section aims at using the computed price of coal to explore the Italian 
North–South divergence in terms of two aspects: transport infrastructure and coal 
substitutes.

As an imported and intermediate good, transportation costs weighed on the final 
price of coal. Once arrived at the import ports, the existence of a connected trans-
port infrastructure made the difference in reaching the final destination and making 
the price lower. Moreover, the heterogeneous Italian geography—on the one side - 
and the institution’s functioning—on the other side—are two key factors that in the 
past, as well as in present days, rule the development of transport networks. Also 
the availability of water for the production of hydro energy was—and still is—quite 
heterogeneous across the country, with the North having a substitute for coal. The 
analysis here proposed provides two simple exercises to gain insight on these issues.

4.1  Railway infrastructure and the North–South gap

The coal shortage and the need to provide all the country with the scarce fossil fuel 
highlight the importance of a transport infrastructure endowment.

As a natural resource, the availability of coal favored those areas rich in ore 
deposits. This was clearly not the case in Italy, where the accessibility of the fos-
sil mineral might be assumed homogeneous across the country. However, it might 
be argued how differences existed and how these depended on the existence of the 
transport network.

In the past as today, the extension of the transport infrastructure across the Ital-
ian territory is a matter that involves a broad discussion. The uneven construction 
of railways first and motorways then generated a polarization: the North with an 
extended and intricate transport system, the South with a backward infrastructural 
network.42

If in the past railways were the preferred mode of transport to distribute goods 
across each country, today three-fourths of the European freight transport is per-
formed by truck; in Italy, road transport represents approximately 88% of total 
freight distribution.43 To deeply examine the role of the historical transport infra-
structure on the North–South polarization in terms of coal price, a wider number 

42 See Ciccarelli and Fenoaltea (2013) and Cosci and Mirra (2018).
43 https:// ec. europa. eu/ euros tat/ stati stics- expla ined/ index. php? title= Freig ht_ trans port_ stati stics_-_ 
modal_ split.

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Freight_transport_statistics_-_modal_split
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Freight_transport_statistics_-_modal_split
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of provinces is taken into account, including also smaller urban centers. The price 
of coal is then computed using all railway lines present in 1911 but considering the 
106 out of the 110 NUTS3 provinces that characterized the Italian administration 
between 2010 and 2016: the territories of the provinces of Trento, Bolzano, Gorizia, 
and Trieste in 1911 were not part of Italy.44 This allows decomposing the territory 
into finer administrative units in order to better account for the negative geography 
(mountains), which makes the construction of transport infrastructure particularly 
difficult. Figure 8 shows the results of this computation by averaging the NUTS3 
coal prices at the NUTS1 macro-level. The area that registers the higher differential 
in coal price is the insular one: for the islands of Sicily and Sardinia, the coal price 
computed for the new provinces is 9.1% higher than the price of coal measured for 
the historical provinces. Then come the central provinces for which the coal price 
in modern provinces is 3.4% higher. The South reports a higher coal price of 1.5%, 
instead. There are no differences for the northwestern provinces, while in the North-
East coal price is 0.4% lower.

By increasing the number of provinces under scrutiny, it emerges a polarization 
between the North, on the one side, and the rest of the peninsula, on the other side, 
with islands experiencing the most disadvantaged condition. A finer disaggregation 
of the territory reveals how differences exist, disparities increase at the local level 
and imbalances persist in time: in the past, as today, northern provinces were bet-
ter connected taking advantage of an integrated transport system. The more intri-
cate railway system in the northern provinces gave them a second-nature geography 
advantage, even more when a finer scale is considered: if the main cities had the 
same access to the transport infrastructure in the North as in the South, the minor 
urban centers in the southern areas suffered from the lack of an interconnected rail-
way network, corroborating the importance of accounting for these differences with 
a price varying at the local level.

4.2  Coal substitute and the North–South gap

Among the several explanations for what is known as Questione Meridionale, 
Fenoaltea (2014) and A’Hearn and Venables (2013) focus on the different proximity 
to water sources between northern and southern Italy. According to this literature, 
one of the reasons for the large regional disparities and the backwardness of the 
South can be found in the different geography of the two areas. Basile and Ciccarelli 
(2018) find that water drove the location of labor-intensive industries between 1871 
and 1911. Similarly, Missiaia (2019) reports a positive correlation between indus-
trial location and water power. The northern provinces had a comparative advantage 
in terms of water energy endowment and the availability of “white coal” from the 
Alpine region made the North energy-self-sufficient.

Still today the larger water power production in the North is at the core of both 
economic and political discussions. The process of decarbonizing the economy by 

44 Since 2017 Italy is organized in 107 NUTS3 provinces.
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promoting the substitution of conventional sources with the adoption of renewable 
energy sources becomes essentially a northern Italy’s matter. Hydroelectric power 
plants are mostly located in the northern area of the country and represent 40% of 
total Italian renewable energy.45

Although in Italy it didn’t exist a geographic advantage linked to the availabil-
ity of coal, the natural endowment of water and the differential provision of water 
energy, as a direct substitute of coal, might have provided the northern provinces 
with a further additional advantage: the low dependency on external energy carriers.

The measure of coal price at the NUTS3 level discriminates provinces in terms 
of higher or lower input factor costs. However, it does not account for the reliance 
on the fossil production factor: the lack of water energy supply made the South 
more vulnerable to coal imports. To account for the natural advantage given by the 
water endowment and the availability of a natural substitute, the price of coal can be 
weighted by the availability of water energy.46 This can be proxied by the number of 
water mills existing in each province and by the proximity to hydroelectric plants.47 
The information on the number of water mills by province is sourced from MAIC 
(1889). Water mills, through a wheel or a turbine, employed mechanical water power 

Fig. 8  Coal price differential (%) with 106 provinces: averages by area. Source: Author’s elaborations. 
See text for sources

45 Source: Enel.
46 Across the centuries, the consumption of wind energy in Italy has always been less than half than 
hydro power usage. As remarked by Malanima (2006), wind power had a marginal role in the Italian 
territory. Between 1878 and 1882, wind mills for grounding cereals were only 78; registered water mills 
were, instead, 29,418.
47 Basile and Ciccarelli (2018) measure water endowment at the NUTS3 level using the number of rivers 
flowing in the province and weighting the importance of each river by its length and socio-economic rel-
evance. Missiaia (2019) exploits the production of mechanical water power and hydroelectricity.
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to drive a production process, such as grinding flour. As reported in the Annals of 
Statistics by MAIC (1889), coal was a competitor of water energy. Between 1869 
and 1882 the number of water and animal-driven mills registered a drop in Italy, 
while millstones powered by steam power increased. Nevertheless, water mills still 
dominated the grain industry: steam mills represented only one-sixth of total pro-
duction and their distribution across the peninsula was opposite to the location of 
water mills, being predominant in those regions, like Puglia, Basilicata, Campania, 
and Sicily, where water sources lacked. In 11 provinces steam mills were completely 
absent and in 34 the production was lower than 100,000 tons. With the spread of 
technology and the possibility to transmit energy from one place to another, the 
exploitation of water resources changed. Starting from the last decade of the nine-
teenth century, the production of hydroelectricity took root in northern Italy. Taking 
advantage of the steep terrain of the Alpine region and of the Apennines in central 
Italy, hydropower plants can be considered the first step of Italy’s energy transition 
from fossil fuels towards renewable energy sources. Malanima (2006) reports that 
the production of hydroelectricity in Italy began in 1887 and during the beginning 
of the 20th century Italy was the first producer in Europe: in 1911, 942,694 out of 
1,603,836 CV used by the Italian industry derived from water power; 465,343 CV 
from steam power. The information about hydroelectricity is sourced from GSE 
(Gestore Servizi Energetici) which provides details about the location (municipal-
ity) and the opening year of hydroelectric plants.48 Figure 9 shows the distribution 
across the peninsula of both types of water plants.

As an exercise, the measure of coal price in Italian Lire can be weighted by the 
possibility to rely on a potential coal substitute. In these terms, those provinces 
whose availability of water for energy is scarce will have a weighted coal price close 
to the original (non-weighted) one. In those provinces where the presence of water 
power plants predominates, instead, the weighted price of coal will be lower than 
the non-weighted one.49

The information on water mills and hydroelectric plants is used to compute two 
proxies for hydro energy. The first measure accounts for the density of water mills: 
it is the sum of all water mills existing in the province in 1882 weighed by the land 
area of the province.50 The measure has been then re-scaled to vary from 0 to 1, with 
0 meaning absence of water mills in the territory. The second variable is the distance 
in kilometers to the nearest hydroelectric plant in 1911.51 Analogously to the water 
mills indicator, the distance has been re-scaled to compute an index that varies from 
0 to 1, with 0 this time meaning being close to a hydroelectric plant and 1 absence 
of hydro power. The newly constructed proxies for water availability are reported 

48 https:// www. gse. it/ docum enti_ site/ Docum enti% 20GSE/ Servi zi% 20per% 20te/ GARAN ZIA% 
20D’ORIGI NE/ Altri% 20con tenuti/ Elenco% 20imp ianti% 20GO. XLSX.
49 The weighted price of coal is an artificial price expressed in Italian Lire. The opportunity to replace 
coal with hydro energy can be inferred from the difference between weighted and non-weighted price: 
the higher the difference the higher the availability of water power.
50 The area of all 69 historical provinces is measured in square kilometers.
51 Distances from the centroid of each province to the nearest hydroelectric plant have been computed 
using QGIS.

https://www.gse.it/documenti_site/Documenti%20GSE/Servizi%20per%20te/GARANZIA%20D%e2%80%99ORIGINE/Altri%20contenuti/Elenco%20impianti%20GO.XLSX
https://www.gse.it/documenti_site/Documenti%20GSE/Servizi%20per%20te/GARANZIA%20D%e2%80%99ORIGINE/Altri%20contenuti/Elenco%20impianti%20GO.XLSX
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in Table 2 which lists the two variables and the corresponding normalized indexes 
for all historical provinces and by area (North-East, North-West, Center, South, and 
Islands).

With more than 36 water mills per 100 km2 and a normalized index of 1, Lucca, 
in Tuscany, was the province with the highest number of water mills. Lecce, in 
southern Italy, instead, was the province with the lowest number: there were no 
water mills in its territory. The macro area having more water mills per 100  km2 
was the North-West, with 15.66 water mills and the corresponding normalized index 
equal to 0.43. The Center followed with more than 14 water mills and an index of 
0.40. In the insular provinces, instead, the density of water mills was of sole 6.23 
water mills per 100 km2.

When focusing on the distance to the nearest hydroelectric plant, the North-West 
again was the area closer to the centers of hydroelectricity production, with an aver-
age distance of 29.68 km and a normalized index of 0.07: this time having a normal-
ized index close to 0 means a higher presence of water since the higher the distance 
the lower the availability of water power. Then comes the North-East, the Center, 

Fig. 9  Number of water mills in 1882 and hydroelectric pants in 1911. Source: Author’s elaborations 
from MAIC (1889) information and GSE (Gestore Servizi Energetici) data. Shape file from Istat
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Table 2  Number of water mills per 100  km2 and distance to the nearest hydroelectric plant Source: 
Author’s elaborations from MAIC (1889) information and GSE (Gestore Servizi Energetici) data

Province Water mills Hydroelectric 
plants

Province Water mills Hydroelectric 
plants

Number Index Distance Index Number Index Distance Index

Torino 10.4780 0.2907 3.3866 0.0054 Pisa 15.4909 0.4297 73.4638 0.1690
Novara 11.7495 0.3260 3.1735 0.0049 Arezzo 18.1212 0.5027 88.0353 0.2030
Cuneo 10.8052 0.2998 26.2789 0.0589 Siena 9.5529 0.2650 99.9665 0.2308
Alessan-

dria
8.6211 0.2392 58.9947 0.1352 Grosseto 4.2859 0.1189 98.9691 0.2285

Imperia 10.3918 0.2883 37.3990 0.0848 Perugia 9.0517 0.2511 25.0712 0.0560
Genova 32.3758 0.8982 92.2390 0.2128 Roma 4.5449 0.1261 45.5999 0.1039
Como 24.8548 0.6895 16.4478 0.0359 Caserta 7.5212 0.2087 94.5528 0.2182
Sondrio 15.8339 0.4393 15.4074 0.0335 Benevento 10.9989 0.3051 128.0495 0.2963
Milano 16.3627 0.4539 29.2127 0.0657 Napoli 7.8383 0.2174 155.0283 0.3593
Bergamo 20.0494 0.5562 9.1866 0.0190 Avellino 11.9368 0.3311 168.1378 0.3899
Brescia 16.0498 0.4452 7.5113 0.0151 Salerno 12.4746 0.3461 225.0666 0.5227
Pavia 15.4953 0.4299 33.6238 0.0760 L’Aquila 6.9602 0.1931 26.6839 0.0598
Cremona 16.7758 0.4654 57.0969 0.1308 Teramo 10.1313 0.2811 14.9776 0.0325
Mantova 9.4390 0.2619 25.5754 0.0572 Chieti 12.9228 0.3585 42.3438 0.0963
Verona 16.3797 0.4544 3.8226 0.0065 Cam-

pobasso
11.8769 0.3295 82.9004 0.1910

Vicenza 19.8428 0.5505 13.8462 0.0299 Foggia 1.4436 0.0400 161.3744 0.3741
Belluno 12.6820 0.3518 23.4324 0.0522 Bari 0.0932 0.0026 268.7779 0.6247
Treviso 13.4285 0.3725 1.0524 0.0000 Lecce 0.0000 0.0000 359.0180 0.8352
Venezia 4.5696 0.1268 36.0901 0.0818 Potenza 5.6686 0.1573 264.5468 0.6148
Padova 11.4732 0.3183 32.2237 0.0727 Cosenza 10.3881 0.2882 213.8759 0.4966
Rovigo 14.8960 0.4132 70.9093 0.1630 Catanzaro 20.2200 0.5609 171.5840 0.3979
Udine 9.2224 0.2558 7.5791 0.0152 Reggio 

Calabria
17.9422 0.4977 89.0298 0.2053

Piacenza 17.3172 0.4804 62.4858 0.1433 Trapani 2.9103 0.0807 212.3043 0.4929
Parma 12.8319 0.3560 28.0502 0.0630 Palermo 7.7256 0.2143 134.7079 0.3119
Reggio 

Emilia
12.8757 0.3572 33.9361 0.0767 Messina 17.5746 0.4875 23.4454 0.0522

Modena 18.5754 0.5153 48.5553 0.1108 Agrigento 4.8812 0.1354 150.9824 0.3498
Bologna 10.7890 0.2993 35.2128 0.0797 Caltanis-

setta
4.1347 0.1147 100.7939 0.2327

Ferrara 1.3580 0.0377 85.9218 0.1980 Catania 5.3142 0.1474 48.8061 0.1114
Ravenna 4.3482 0.1206 70.9884 0.1632 Siracusa 8.3512 0.2317 99.9996 0.2309
Forlì 11.6349 0.3228 88.7490 0.2046 Sassari 3.2857 0.0911 357.9436 0.8327
Pesaro 

Urbino
10.8742 0.3017 44.5087 0.1014 Cagliari 1.8633 0.0517 429.6287 1.0000

Ancona 10.3402 0.2869 6.0357 0.0116
Macerata 8.2394 0.2286 15.2125 0.0330 Macro 

area
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the South, and the Islands. Treviso being only 1 km far from a hydroelectric center 
is the province with the lowest index (0). Cagliari, on the island of Sardinia, instead, 
has an index of 1.

Both indexes are used to compute a weighted price of coal. Since 0 means no 
availability of mechanical water power and 1 the highest presence of water mills, 

Table 2  (continued)

Province Water mills Hydroelectric 
plants

Province Water mills Hydroelectric 
plants

Number Index Distance Index Number Index Distance Index

Ascoli 
Piceno

8.6564 0.2401 11.9953 0.0255 North-East 12.01403 0.3333 40.17845 0.0913

Massa 
Carrara

31.5165 0.8743 21.3750 0.0474 North-
West

15.66301 0.4345 29.68097 0.0668

Lucca 36.0469 1.0000 14.3761 0.0311 Center 14.39764 0.3994 49.92049 0.1140
Firenze 25.4092 0.7049 32.7241 0.0739 South 9.276038 0.2573 154.1217 0.3572
Livorno 9.4366 0.2618 121.5536 0.2812 Islands 6.226748 0.1727 173.1791 0.4016

Number in columns 2 and 7 refers to the number of water mills per 100 km2 in 1882. Index in columns 3 
and 8 is the corresponding normalized index: the higher the index the denser the water mills in the prov-
ince. Distance in columns 4 and 9 refers to the distance in km to the nearest hydroelectric plant in 1911. 
Index in columns 5 and 10 is the corresponding normalized index: the higher the index the farther the 
hydroelectric plant

Fig. 10  Coal price and weighted coal price by water power access in 1882 (Italian Lire per ton): averages 
by area. Source: Author’s elaborations. See text for sources
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when using the index of the density of water mills, the price of coal is multiplied by 
1 minus the index.52 When using the index of the distance to the nearest hydroelec-
tric plant, instead, the price of coal is directly multiplied by the index since 0 means 
being close to a hydroelectric center and, therefore, availability of water power, and 
1 means being very far from a plant.53 The results of this exercise are reported in 
Figs. 10 and 11.

Figure 10 shows the price of coal in 1882 and the corresponding price of coal 
weighted by the density of water mills. The North-West is the area that reports the 
largest difference between the non-weighted and the weighted price: 42.55 and 24.24 
Lire, respectively. The price of coal weighted by water is 43% lower than the non-
weighted one. Also for central provinces the artificial weighted price of coal devi-
ates from the real one, confirming how the presence of water mills in the area was 
quite pervasive at the time. The lack of water in the islands and the South, instead, 
is proved by the reduced differences in terms of price. The price of coal weighted by 
water mills is closer to the non-weighted one: the former is 83% and 74% of the lat-
ter in the insular and southern territories, respectively.

Analogous results are those emerging from Fig. 11 that shows the coal price in 
1911 and the corresponding coal price weighted by the proximity to hydroelectric 
plants. It is clear how for North-West and North-East areas the difference between 
the two prices is the largest: one ton of coal in 1911 costed on average 37 Lire 
in both areas,54 while the weighted price, mimicking the highest availability of 

Fig. 11  Coal price and weighted coal price by water power access in 1911 (Italian Lire per ton): averages 
by area. Source: Author’s elaborations. See text for sources

52 The formula is: weighted coal  pricep = coal  pricep * (1 – Index millsp).
53 The formula is: weighted coal  pricep = coal  pricep * (Index plantsp).
54 37.42 Lire in North-West and 37.44 Lire in North-East.
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hydroelectricity, is 2.35 and 3.46 for North-West and North-East, respectively. In 
these terms, the weighted price is only 6% and 9% of the unweighted one. Also in 
the Center the artificial price differentiates from the original one: the weighted price 
is 88% lower than the non-weighted one, confirming the availability of hydroelectric 
sources. The Southern and insular provinces, instead, are those farther from hydro-
electric plants and, therefore, with the smallest deviation in terms of weighted coal 
price. In these territories, the price of coal weighted by hydro energy availability is 
on average 38% of the unweighted price.

5  Concluding remarks

This paper has analyzed the construction of a new measure of coal price: the index 
covers a time-span of 51 years and is computed for all historical provinces existing 
in Italy between 1861 and 1911.

Coal was the main energy source of the time, the fuel to power steam engines, 
and the input factor for manufacturing production and industrial activity. Never-
theless, Italy was poor in coal and needed to import it from abroad. Its abundance 
and high quality made British coal the preferred one. And because of its mecha-
nized ports and the availability of coal for the outward leg, the U.K. was the main 
Italian trade partner.

As an imported good, the price of coal was strictly driven by transport costs 
and fares. Shipping costs from the port of Cardiff determined the coal price in the 
different Italian ports. Inland transport costs and railways rates, instead, further 
increased the price in those provinces without a commercial port. The decrease 
in time of global and domestic transport costs balanced the coal price across 
provinces.

The price of coal at the NUTS3 level reflects, on the one hand, provinces’ market 
access and their geographical advantage. Those provinces with better geography and 
a more extended transport infrastructure benefited from a lower price of coal. On 
the other hand, the measure allows to assess some of those imbalances that typi-
cally characterize the North–South gap, for instance, the extension of the railway 
network, providing estimates of these imbalances. The availability of water and the 
possibility to use hydro energy as a substitute of coal advantaged the northern ter-
ritories. This issue has been further explored by computing an additional price of 
coal mimicking the Italian production of water power. In these terms, the research 
underlying this paper contributes to the debate on the origins of the regional divide 
between northern and southern Italy (Cafagna 1962, 1965; Zamagni 1987; Russo 
1991; Daniele and Malanima 2011; Felice 2013) and on the importance of coal for 
Italian industrialization (Bardini 1997, 1998; Toninelli 1999, 2010; Malanima and 
Zamagni 2010; Bartoletto 2013).

Coal shortage involves a lively discussion that goes beyond the mere natural 
endowment issue. Referring to protectionism, for example, Gerschenkron (1962) 
argues how the lack of domestic coal should have directed state intervention toward 
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non-coal-intensive productions, rather than in favor of iron and steel industries. 
However, the central role of firms and how the coal price weighed mostly on them 
is the issue that mainly links to the debate. The high price of coal in Italy was essen-
tially a firm problem and firms’ distance to the nearest port was the crucial vari-
able that differentiated the price across them (Zamagni 1993). Also the well-known 
dualism between few modern big enterprises and many small firms originated from 
the need to save coal (Toninelli 1999). The lack of coal forced the Italian indus-
try to a different innovation path from the British one (Bardini 1997) and the diffu-
sion of small- and medium-sized enterprises producing medium high-tech products 
(Gomellini and Toniolo 2017). Firms invested more in labor-intensive productions 
and in electric-intensive activities rather than in coal-intensive ones, but, this rela-
tive specialization was not fruitful: electric power was a poor substitute of steam 
energy. The availability of water power, instead, positively affected the need for pri-
mary energy in manufacturing production (Bardini 1997). The measure of coal price 
constructed in this paper allows to better address all these issues and to investigate 
the regional disparities by using the index in territorial explorations and economet-
ric estimations.
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