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T
his article presents preliminary findings 

from an extensive research project titled 

‘Burning the Bones of the Earth’,1 which 

began in 2021. It documents the technology 

of traditional lime kilns in the trans-border 

region between Albania and Greece.2

The project aims to reveal the importance of 

preserving traditional skills and practices that have 

historically shaped the built environment in Greece, 

Albania and the Balkans. In particular, it intends to 

trace the technology and practice of lime burning 

from an ethnographic perspective, in a trans-border 

framework. It also intends to foster the idea of using 

air lime in architecture, restoration and contemporary 

design, as a less carbon-intensive and more culturally 

consistent material than modern Portland cement-

based materials or, in some cases, even hydraulic lime, 

which is extensively used in restoration practice. 

The project will culminate in 2024 with the develop-

ment of a curated digital archive. This will include 

drawings, photographs, videos and interviews with 

craftspeople and members of the local communities. 

It will also include archival material about traditional 

lime kiln technology in Greece and Albania, hosted 

on the project’s website at the Endangered Materials 

Knowledge Programme. 

This paper focuses on the firing process of a dry-

stone kiln – a type of flare kiln in which a temporary 

vault-shaped construction is used to fire the limestone. 

There are multiple parameters of the firing process that 

are all crucial for ensuring the success and quality of 

the lime products (quicklime and lime putty). Empirical 

knowledge and understanding of the process by the 

masons undertaking it were recorded during ten days 

of fieldwork in June 2023, at one of the few remaining 

traditional lime production sites in south-east Albania. 

These field observations are examined in conjunction 

with scientific data from literature, with the aim of 

contributing to current heritage conservation debates. 

The regional, historical and 

cultural context and the 

lime-making practice

Figure 1 illustrates the landscape in which our research 

took place, defined by the Pindos mountain range 

(to the east) and the Adriatic Sea (to the west). It is a 

mountainous limestone-rich region with an intricate 

cultural landscape, including many traditional villages 

and post-medieval cultural monuments. Of the three 

Fig. 1 The study 

area in the context 

of the south-west 

Balkans and the lime 

kiln sites recorded 

during our fieldwork. 

All locations are 

associated with 

the presence of 

limestone, sourced 

either from nearby 

geological outcrops 

or from riversides. 

© F Moudopoulos- 
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51

VOLUME 29

clusters of lime kilns where fieldwork was conducted, 

one is in Albania (Korçë) and one in Greece (Tzoumerka), 

while the area of Pogon(i) extends across both sides of 

the border. 

During the last centuries of the Ottoman Empire, 

these regions shared the same cultural milieu, being 

home to communities with different confessions 

(Orthodox Christians, Muslim Bektashi) and various 

occupations. The Ottoman administrative context 

facilitated craft specialisation and, therefore, villages 

of specialised craftspeople, sedentary agropastoral 

communities and groups of pastoralists practising 

transhumance/nomadic pastoralism shared the 

mountainous territory.3 Despite being rough and rocky, 

the area acted as a corridor of communication between 

the south-west Balkans, Central Europe and Wallachia, 

facilitating exchange and trade. Consequently, this 

18th–19th-century cultural landscape was characterised 

by mobility of varying scale and nature (merchants, 

craftspeople and pastoralism). 

This situation changed when the official border 

between Greece and Albania was established in 

1913 (London Treaty, 30th May), following the end 

of Ottoman rule in the region. This frontier had been 

contested since the turn of the 19th century, and after 

the firm establishment of the border, local communities 

were gradually confined in the ideologies of the nation 

states, promoting – at large – sedentism. The events 

following World War II, when the two countries fell 

on the opposing sides of the iron curtain, completed 

this transformation. Since then, in the case of Greece, 

inhabitants have abandoned the area, following the 

trend towards urbanisation that started in the 1960s, 

while in Albania the villages retained significant 

numbers until the 1990s.4, 5, 6 

Within this historical and cultural context, the 

traditional craft of manufacturing lime developed in 

response to the natural limestone-rich environment, 

and it was intrinsically linked to the region’s stone 

architectural legacy. The practice of lime production 

was firmly established by at least the 18th century. The 

region is known for the itinerant guilds (Ott. ‘esnaf’) of 

craftspeople, called ‘bouloukia’, who – until the early 

20th century – travelled around the Balkans and beyond 

to undertake big construction projects. Imposition 

of the 20th-century national borders restricted 

mobility, limiting this cultural phenomenon. Gradual 

depopulation at varying pace either side of the border, 

coupled with the introduction of modern materials and 

construction practices, led to the progressive decline of 

this professional tradition and the loss of a substantial 

amount of the relevant tacit knowledge. 

In Greece, traditional lime production was progressively 

subsumed by the industrial process in the 1960s.7 

In Albania, the communist regime maintained the 

practice of traditional lime production, which remained 

quite common until the 1990s. In many regions, and 

especially in the southern part, quicklime and lime 

putty were produced to cover the needs of specific 

clusters of villages within the context of the state-

controlled agricultural cooperatives. Across the border, 

the built structures and the relevant remains recorded 

during our fieldwork manifest cultural and production 

processes of a past practice that – although not so 

distant – is almost entirely forgotten (Figures 2a–2c). 

In some cases, lime makers would also form 

itinerant companies of masons who built lime kilns. 

Fig. 2 A number 

of different pre-

industrial lime kilns’ 

remnants were 

detected in Greece 

and Albania.

(a) Area known as 

Karakol, close to 

the city of Delvinë, 

Albania. Lime 

producers were 

active here until 

the early 2000s. 

According to the 

kiln owner, the car 

tyres shown in the 

photo were used 

as fuel instead of 

wood during the 

last firings. Lime kiln 

operators could not 

easily get a licence 

to collect wood 

due to new land 

restriction policies. 

© F Moudopoulos-

Athanasiou

(b) Sotirë village, 

Dropull, Albania. 

According to local 

testimonies, the 

entrance is now 

blocked with stones 

to stop people 

leaving their rubbish 

inside. © I Ntoutsi

(c) Ktistades village, 

Tzoumerka, Greece. 

By the side of the 

Raftanitikos river are 

the remains of what 

was probably the 

last unburnt dome-

shaped kiln of the 

area, now covered  

by lush vegetation.  

© I Ntoutsi
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At the same time, lime was an indispensable product 

for every household and it had multiple uses: from 

building, plastering and lime washing, to agriculture 

and sanitisation. During our research, villagers in both 

Greece and Albania explained how quicklime was sold 

by travelling merchants and slaked in the pit that every 

house had to form lime putty. Several testimonies also 

told of communal labouring during lime burning for 

constructing public buildings.

Firing the traditional  

lime kiln 

During ten days of fieldwork in summer 2023, the 

entire firing process of a traditional flare lime kiln was 

observed, documented and studied in Albania. In 

parallel, several correlations with the scientific literature 

are provided. 

Kiln assembly 
The traditional lime kilns under investigation are pre-

industrial, intermittently operating, continuous loading 

flare kilns. In other words, they are funnel-shaped, dry-

stone structures used for the calcination of a single 

limestone batch and fuelled by wood. 

A general view of the lime kiln can be seen in  

Figure 3a. The opening (draw hole) is located at 

the bottom, creating direct access to the heating 

chamber and allowing wood to be fed in. This area is 

structurally vulnerable because it is close to the fire. 

It is, therefore, reinforced with lateral walls of heat-

resistant stones to withstand the high temperatures 

and the mechanical stresses exerted by the constant 

wood throwing. A metal lintel above the draw hole 

carries some of the load from the vertical layer of 

limestone charge that covers the front face of the 

inner dome. According to the mason, this extra layer 

is used to improve the stability of the inner vaulted 

structure during calcination, and also serves to reduce 

thermal losses. 

At the time of the field visit, the inner vault had 

already been built. We could, therefore, only observe its 

Fig. 3 The lime kiln 

studied during the 

fieldwork.

(a) The traditional 

lime kiln infrastructure 

in Leshnjë village, 

near Korçë, Albania. 

(b) and (c) 

Construction of the 

inner limestone 

arched structure. 

The interlocking of 

the stones is crucial 

for the structure to 

maintain its stability 

during calcination. 

(d) Different materials 

were used in the 

perimetric walls: 

heat-resistant stones, 

clay bricks and clay 

render to prevent 

thermal losses. 

(e) Limestone charge 

on top of the kiln.  

© I Ntoutsi
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structure internally. Stones were fitted together (using 

the dry-stone method) in a concentric arrangement, in 

which larger stones are interlocked with smaller ones as 

the structure rises (Figures 3b and 3c).

A clay render is also applied to ensure minimum 

lateral energy loss during burning (Figure 3d). The use 

of clay render extends to other areas of the fortifying 

wall structure. Finally, the upper part of the kiln is 

covered by a charge of small limestone pieces (Figure 

3e). Approximately 30m3 of limestone was used to 

build the kiln, and the firing used 70m3 of wood. 

The way in which the kiln is assembled is crucial to the 

lime quality for several reasons:8,9

• Proper construction assures a more homogenised 

heat distribution inside the heat chamber, which 

helps to ensure thermal decomposition of most of 

the limestone load. 

• The kiln is designed to maintain its structural 

integrity despite the extremely intensive and 

prolonged thermal stresses during calcination. It is 

important to note that any collapse or material fall 

during the heating process means the whole batch 

is lost. 

• The design permits the desorption of carbon 

dioxide during calcination, which is vital for 

achieving proper pressure conditions inside the 

heating chamber, thereby accelerating the thermal 

decomposition and avoiding the recarbonation 

of the calcined material. Moreover, calcination in a 

lower pressure environment contributes to non-

agglomeration phenomena during the calcium 

oxide crystal growth. This is beneficial for the quality 

of the quicklime. (Temperature is also a crucial 

parameter that regulates the above phenomena.) 

It is beyond the scope of this paper to present 

all the parameters that affect the traditional lime 

manufacturing process. However, it acknowledges that 

the quality of the raw materials – limestone and wood – 

are crucial to its success. In our case study, limestone was 

collected from the surrounding mountains and taken 

to the work site. It was selected based on empirical 

parameters; the colour and texture of the stone were 

the ones most commonly referred to by masons.10 

The main limestone characteristics that will affect the 

calcination process are:

• Purity of the limestone, in terms of its calcium 

carbonate content 

• Lack of significant amounts of other mineralogical 

phases 

• Mineral texture 

• Grain size and arrangement of the crystals 

• Density and cohesion11,12 

Not only will these factors determine the quality of air 

lime, but they will also dictate differentiations in the 

calcination process. For example, higher energy and 

calcination times will be needed for coarse-grained 

stones of high density.13 

The selection, collection and preparation of the 

wood to fuel the kiln are also significant. Historically, 

the availability of wood was very important when 

preparing the kiln and choosing the work site. At times, 

it was even more important than stone procurement, 

due to the large quantities needed. The wood needs to 

be very well dried and, depending on the local tree and 

plant species, it would have been used in diverse sizes. 

In our case study, the mason stressed the importance 

of using dry wood to ensure a progressive temperature 

rise and to maintain the minimum temperature for 

Fig. 4 The 

preparation of 

pinewood, collected 

in different sizes, and 

an overview of the 

kiln location among 

the fields of Leshnjë. 

© I Ntoutsi 
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thermal dissociation until the proper calcination of 

all the limestone has occurred. The type of wood 

collected was pine softwood from local logging 

leftovers and also from burnt woodlands (Figure 4). The 

inferior quality of firewood, in terms of high moisture, 

affects the temperature rise and impairs the production 

yield, as reported during a traditional lime kiln firing 

experiment in Norway.14 

Firing process
The transformation of calcite to calcium oxide starts 

at approximately 600°C and ends at about 850°C, 

depending on the type of limestone. Decomposition 

begins on the exterior of the pieces of limestone, 

and the calcination front moves towards the interior 

through the mechanism of thermal conduction.15

 The parameters of pressure and temperature regulate 

the proper decomposition of limestone:16,17,18,19 

• The stone must be heated to at least its 

decomposition temperature, in practice a little bit 

higher. 

• Decomposition is hindered by high pressure. Carbon 

dioxide and other gases should, therefore, be 

continuously exhausted from the heating chamber. 

• Increased pressure will induce increased 

temperature, which will cause the already calcined 

surface to over-burn. 

• The minimum required temperature should be 

maintained for a certain period of time (residence 

time) for the calcination front to reach the centre of 

each piece of limestone. Otherwise, a semi-burnt or 

under-burnt product will result. 

• The combination of the parameters will impact the 

calcium oxide crystal growth and the reactivity of 

the quicklime. 

Small branches and thin twigs are used to light the 

lime kiln for the first time, to ensure a steady and 

slow increase in the heating rate (Figure 5a). The kiln 

must then be fed two or three times per hour, for a 

72-hour period. This is very labour-intensive, but any 

deviation from the feeding rate could have disastrous 

results. This is because the dissociation temperature 

must be maintained for the entire limestone material 

to be calcined. If the temperature falls, the calcination 

process is halted and the limestone remains unburnt. At 

the start of firing, moisture within the stone is released, 

in the form of whitish smoke (Figure 5b).20,21 

According to research,22,23 the thermal decomposition 

of limestone in traditional lime kilns is characterised by 

a particular environment: not very high temperature, 

slow heating rates and longer residence time. All these 

aspects are thought to improve the quality of the 

quicklime, compared with fuels of high calorific values 

such as petcoke or other fossil fuels that have replaced 

wood. Lower calcination temperatures (up to 900 to 

1000°C) have proved beneficial for quicklime quality, 

increasing its reactivity and rate of temperature rise 

during slaking. Traditional lime kilns that use wood as 

fuel usually operate at 850 to 900°C, and this seems to 

be the main reason they produce high-quality lime. 

Moreover, when wood is burnt, a more homogeneous 

heat distribution is ensured inside the heating chamber. 

This helps the calcination layer to remain more porous 

and the process to be fully complete.24 

The second day of burning is the most crucial. As the 

heat increases significantly, the structure needs to be 

able to cope with the heat intensity. Success will depend 

on how meticulously the kiln was built. As the fire gets 

stronger, it is difficult to remain next to the lime kiln. A 

piece of tree trunk is placed in front of the entrance to 

reduce the amount of heat released and also to monitor 

the proper increase of temperature (Figure 5c). By the 

third day, the light that radiates from the kiln entrance is 

so intense that it is unsafe to look at the kiln (Figure 5e). 

It is essential that the same feeding rate is maintained 

throughout the night. The release of black smoke from 

carbon dioxide gases and the occasional appearance of 

flames are indicators of progress. 

Fig. 5 The various 

stages of the firing 

process.

(a) The beginning  

of the fire inside  

the chamber.

(b) After the first 

hours of burning, 

the stone’s moisture 

content is released in 

the form of whitish 

smoke.

5a 5b
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Fig. 6 As the process 

continues, the 

limestone charge  

on the top of the  

kiln changes colour. 

(a) On the first day, as 

the calcination slowly 

begins, the limestone 

pieces turn darker. 

(b) The limestone 

pieces turn black 

during the second 

day of burning. 

(c) The white colour 

indicates that the 

calcination process  

is complete.

(c) On the second 

day, a small piece 

of tree trunk is put 

in front of the draw 

hole to reduce the 

amount of heat that 

is released to the 

outside.

(d) During the 

second night of 

burning, flames 

burst out and black 

smoke is released 

from carbon dioxide 

gases, as the process 

reaches completion. 

(e) On the third 

day of burning, 

it is difficult and 

even unsafe to look 

directly into the fire 

due to the intense 

light.

During the traditional process of limestone 

calcination, monitoring visual indicators, such as smoke 

(volume and colour) and the appearance of the calcined 

stone, allows the optimal calcination conditions for 

each type of stone to be maintained. Another visual 

indicator is the changing colour of the limestone charge 

on top of the kiln. As firing progresses, the small pieces 

of stone on the top turn black initially and then bright 

white at the end. Also, the level of the upper surface of 

the dome drops a bit when the calcination process is 

close to completion (Figures 6a–6c).

5c 5d

5e

6a 6b

6c
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The day after firing is complete, the properly burnt 

quicklime is sorted from the semi-burnt or unburnt 

pieces of stone. The main visual indicators are the 

stones’ colour and weight. According to the mason, 

quicklime’s specific gravity is almost half that of raw 

limestone (Figures 7a and 7b). Similarly, mass losses of 

around 44 to 50 per cent are reported in literature.25,26 

The vitality of artisanal 

lime production for cultural 

heritage restoration  

and beyond

Lime is one of the oldest building materials, apart from 

earthen materials27,28, and its versatility in architecture 

throughout the ages has been vigorously documented 

by the scientific and professional cultural heritage 

community. Its importance as a less energy-intensive 

material compared with modern building materials, 

with lower embodied carbon, and its breathability and 

self-healing properties are being studied and appraised, 

not only within the academic community, but also 

among practitioners of both heritage restoration and 

modern architecture.

Over the past few decades, a series of scientific works 

have studied the processing parameters during lime 

production and their influence on the microstructural 

characteristics and quality of the final product, with 

implications for its use during restoration works. 

These studies agreed that traditionally produced lime 

is of superior quality. However, the very process of 

traditional lime manufacturing is poorly investigated 

and documented. Several initiatives have begun to 

revive the traditional lime burning process, aiming to 

foster its continuation.29 

Traditional lime production can be seen as 

somewhere natural landscapes, technological 

achievements, artisanal skills, materials science and 

architecture meet. Awareness-raising activities for local 

communities and interested stakeholders are needed 

to help revitalise the lime craft. Improving the working 

conditions and legislative status of the last family 

businesses operating in the Balkans, and in Europe 

overall, is a matter of urgency.

Fig. 7 Sorting and 

collecting quicklime 

(empirical quality 

control). 

(a) An under-burnt 

piece of limestone, in 

which the calcination 

has not reached the 

centre of the stone.

(b) The colour of the 

limestone pieces on 

the top of the kiln 

indicate whether 

they are properly 

calcined. Properly 

burnt pieces are 

beige-white.
7a

7b
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