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Final Project Report 

1. Contestant profile 

▪ Contestant name: Leonardo Balduzzi 

▪ Contestant occupation: Beekeeper and Architect 

▪ University / Organization Beescot Farm 

▪ Number of people in your team: 1 
 

2. Project overview 

Title: BeeConcrete 

Contest: (Research/Community) Research 

Quarry name: Santa Giustina 
 

Abstract 

Apiculture is a vital activity that helps environment protection and favor biodiversity for plants, animals, and 

microorganisms. Thanks to their irreplaceable pollination job, bees perform a strategic function for the 

preservation of flora and the maintenance of biodiversity: 90% of all species of plants with flowers on Earth 

depend on the work of bees and insect pollinators. Over the last few decades there has been a serious decline 

in the population of bees and insect pollinators, due to various concomitant factors, such as viruses and 

pathogens, climate change, unsustainable agricultural techniques, massive use of pesticides and pollution. The 

aim of the project BeeConcrete was to develop an innovative type of hive with an unconventional material such 

as concrete that could overcome some typical problems related to traditional beekeeping, and in particular the 
use of wooden hives, to introduce within Santa Giustina ex-quarry an efficient and sustainable permanent apiary 

capable of safely hosting a new colony of two million bees. The research focused on the design and 

implementation of the concrete hive model, developing and validating the ideal mix-design to meet the technical 

needs of beekeeping and a new economic and environmental sustainability, while ensuring maximum comfort 

and wellness for bees. The new bee colony housed in the twenty concrete hives of the permanent apiary will 

allow to maintain and increase the biodiversity within Santa Giustina ex-quarry, as well as work as an important 

environmental monitoring system for the site: bees are in fact excellent biological indicators and observing their 

health conditions and the quality of their products (honey, wax, propolis) it will be possible to have reliable 
information on the environmental health of the area. 
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Introduction 

The twenty beehives settlement contributes to re-qualify and enrich the area biodiversity, being bees activity a 
guarantee of the eco-system balance: bees are essential for most of the trees life because they play a 

fundamental role in their pollination. Therefore, the project has not came up only for the purpose of the contest 

but it has been thought as a long-term experience which may become an essential part of the Santa Giustina ex-

quarry. In order to ensure a temporal continuity to the project, it has been necessary to focus mainly on the 

beehive, case traditionally made of wood which plays a protective function and inside which bees conduct the 

majority of their biological activities. In the last years, in fact, many problems related to the use of a traditional 

hive, one made of wood, have emerged. Wood is for sure a very cheap and easy to work material which has, 
nevertheless, many bad sides; among the most significant, there are: 

• Material Deterioration – Hives made of wood are much more subjected to the atmospheric agents 

which cause their quick deterioriation, obliging the bee-keeper to frequent maintenance intervention. 
• Deforestation – Exactly because a hive made of wood must be replaced, roughly every ten years, the 

excessive exploitation of the wooden sources to create new hives, contribute to the deforestation 

process. 
• Bees Health – The internal parts of a wood-hive may more easily be infested by mushroom, bacterias or 

viruses because wood is an organic material which favours their proliferation. 

• Beehives Safety – The wood-hive can not protect bees from fire and from the risk of robbery, especially 

if it is located in a secluded place. 

Hence, in order to deal with all the “traditional-hive” bad sides, it has appeared useful to use a different material, 

one with better performative features compared with wood. After some serious considerations on the many 
possibilities, the material “concrete” had been identified as the most suitable to the aim of the project, thanks to 

its features and ease of use; among the advantages of the use of concrete, the following can be listed: 

● Low Price – Supposing the possibility of having re-usable moulds, costs of concrete-hive components 

production would be six times inferior in comparison to a wooden-hive.  
● Insulating – By adding a foam extinguisher additive, a much less heat dissipation is warranted inside 

the hive, reducing bees’ waste of energies in maintaining costant temperature and humidity.  
● Durable – A beehive made of concrete is much more durable and it may be even considered 

everlasting. 
● Fire resistant – Concrete is an excellent fireproof material and it protects bees from any fire. 
● Anti-intrusion and extreme atmospheric agents resistant – Thanks to the density of the material and 

its mechanical performances, the concrete beehive is more resistant against ants infestation and against 

any attempt of intrusion by rodents or birds which irrimediably damage the internal sides of the traditional 

hives; in addition, a concrete beehive can not be damaged by wind or hail storm.  
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● Antitheft and against vandalistic acts – The concrete beehive is an excellent deterrent against 
robbery and vandalistic acts, phenomena which have been incredibly increasing in the last ten years. A 

traditional wooden beehive, instead, is easily moved because it is light anda manageable so that it is 

more vulnerable to fire and overturning. 
● No need of maintenance – A beehive made of concrete, once created, does not need any 

maintenanalong its use and it gets ruined much slower.  

Thanks to all the positive aspects over-listed, it was possible to design and create a prototype of the concrete 

hive, with the final aim of settling twenty bee-families in the Santa Giustina’s quarry. Thanks to the Italcementi - 

HeidelbergCement technicians’ support, the concrete mix-design has been optimized to obtain the most suitable 

concrete for the project, namely one with the following features: 

1. as lightest as possible to facilitate the operations of assembling and to guarantee a very handling 
management of the apiary; 

2. with insulating characteristics which improve the apiaries’ habitat; 

3. with the possibility to pour the components without the aid of rebar and vibrating tables. 

 

Methods 

Design Phase 

In the first design phase, the importance of maintaining the standard dimensions of the most common beehive 

used in Italy and in Europe (Dadant Blatt beehive) has been the main focus of the activity for two reasons: 

1. in order to have tools and devices already available on the market;  
2. to be able to compare and contrast the two different kind of beehives (wooden- and concrete-one) with 

equal geometrical dimensional conditions. 

As a priority, internal dimensions of the new hive have been defined and shaped on the “Dadant Blatt” model, 

from which all the additional mechanical parts (internal and external handholds, metal ends for frames, bee entry 

slit) have been removed because they are actually uneuseful for a residing apiculture. The structures have thus 
been simplified, depending also and especially on the joint between each component moulds during the pouring 

phase. 

The “Dadant Blatt” beehive has than been reshaped and divided into four components: 

1. an airy floorboard which contains an anti-varroa tray and it is equipped with a joint for the “brood 

chamber”; 
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2. a “brood chamber”, designed to host the comb-frames; 
3. a crown board with a closing function, leaning against the “brood chamber”, which is used for the winter 

nourishment; 

4. a covering whith the function of closing the crown  and protecting from bad weather conditions. 

Once the main structures have been outlined, the thickness of the sides of each components has been defined, 

in such a way that the mechanical, thermical performances of the concrete could be warranted and the pouring 
operations first, the dismantling ones afterwards, could be facilitated.  

 

Realization of the prototype with a traditional concrete 

After having finalized the design phase, a prototype was created by using an ordinary concrete mix-design and 

to verify the feasibility of the castings and their dismantling; afterwards, an assembly test of all the components 

was made to assure its suitability to host the frames.  

Video of the realization of the prototyp 

Planning of the mix-design 

Testified the feasibility of the components realization and the functioning of the concrete beehive, it has been of 

fundamental importance the cooperation with the Italcementi - HeidelbergCement’s technicians in order to obtain 

a more performative material for the hives and one the most environmental sustainable. It was therefore 

necessary to add to it an airy additive, thanks to which during the blending phase some air bubbles get formed 

and they provide the mix with isolating and lightening qualities. The introduction into the new mix of polimeric 

fibres has allowed to largely simplify the realization process, namely creating moulds without the use of metal 

rebar and, by adding a fluidifier to the mix, avoiding the use of a vibrating table during the pouring phase. 

Anather very positive and interesting aspect of this “new beehive” lays in the choice to use cement (ALI CEM 
GREEN) and clinker with a very low environmental impact with the final aim to make the mix-design more eco-

sustainable and respectful of the environment.  

Creation of the twenty beehives with an “optimized” mix-design  

After having finalized the studying of the best concrete mix design, the 20 beehives were effectively realized: at 

first small moulds were fabricated as useful indicators of the quantitative modifications of the ingredients 

necessary to obtain the best blend. 
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Settlement of the apiary 

Fabricated the concrete beehives, a location where to place them was identified with the Santa Giustina quarry 

thanks to its characteristics: 

1. Accessible – Reachable by any mean of transport to facilitate the beekeeper in the loading and 

unloading operations. 

2. Safe – Located in such an area that prevent dangerous situations for visitors of the parc to happen. 

3. Heterogeneous – It is important that inside the same apiary portions with different solar radiation are 

present, factor wich positevly affects the habitat of the beehives hoste inside the concrete.     

Video of the station inside the site of Santa Giustina 
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Results 

Finalized the realization phase of the project, two kinds of results could be observed: the ones concerning costs 
and specific features of the concrete, material used to fabricate the “new beehive” and the ones referring to the 

relation between this product and the surrounding environment. 

1. Costs of realization and characteristics of the “optimized” concrete: 

● without considering the realization costs and supposing the re-use of the moulds for further 

casts, the effective cost to fabricate a concrete beehive would be around 10/15€ while a wooden 

beehive of the same dimensions costs 65/70€; 

● by weighting the various components realized it emerges that the mix, once hardened, has a 

density of 1900	𝑘𝑔/𝑚³, hence one fifth inferior compared to a traditional blend of cement 

(2450	𝑘𝑔/𝑚³). Density of the fir-wood, used to construct commercial beehives is roughly 

420	𝑘𝑔/𝑚³ 

● the thermical conductivity obtained is 0,8	𝑊/𝑚𝐾. Traditional concrete has a density of about 

2,3	𝑊/𝑚𝐾, while wood of 0,20	𝑊/𝑚𝐾 

● mechanical strenght has been defined along the relizative process by taking two cubic samples 

of the mix that, once hardened, were submitted to the Italcementi laboratories to be tested on 

their destructibility. The average of the two strenghts, obtained from the tests is of 4 MPa; in 
traditional concrete is of about 30 MPa. 

 

2. Observation and data collection of the health state of the apiaries, hosted inside the concrete 
beehives, in relation to the surrounding environmental conditions. 

Thermal mass 

Bees constantly maintain a temperature of 34°C and relative humidity of 55% inside the hive but, in case 

of a significant increase of the temperatures outside, they employ strategies to keep unaltered their 

comfort conditions. More in details, if the beehive tends to overheat bees start collecting and spreading 
water inside the hive, activating a ventilation system already at the entrance: this phenomenon usually 

occurs when the case containing the hive undergoes important thermal fluttuations, as a consequence of 

the thermal excursion between day and night. 

By collecting data with a thermohygrometer, located inside the two beehives exposed to the sun 

irradiation during the hottest hours of the day, it comes out that the concrete beehive, in comparison with 
a wooden-one, has a thermal mass more efficent in delaying the temperature transfer: because it 

absorbs more slowly the heat coming from outside, it reduces the thermal fluttuations inside the hive. 
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Following the data about the two different kind of beehives, collected in the same sun irradiation 
conditions: 

 EXTERNAL FACTORS CONCRETE HIVE WOODEN HIVE 

Date External 
temperature 

(°C)  

Relative 
external 

humidity (%) 

Internal 
temperature 

(°C) 

Internal 
humidity (%) 

Internal 
temperature 

(°C) 

Internal 
humidity (%) 

03/08/2022 33 62 35 56 37 60 

07/08/2022 29 75 34 57 36 64 

12/08/2022 29 70 34 55 36 59 

21/08/2022 31 58 35 56 37 58 

28/08/2022 30 76 34 57 37 65 

 

It was than possible to observe that bees, hosted inside the concrete beehives, do not have to waste time and 

energies to climatize the internal environment, despite the high temperatures registered outside during the whole 

month of August. On the contrary, traditional wooden beehives show a much higher numer of individuals located 

at the entrance of the hive to carry out the ventilation activity. 

 

 
 
 
 
 
 
 
 
 
 
 
 
Normal activity of bees in concrete hives. 

 
 
 
 
 
 
 
 
 
 
 
 
Bees during the ventilation of the wooden hive. 
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Isolation 

The thermal conductivity represents the attitude of a material to transmit heat by conduction avoiding the 

possible contributes given by the convection  and the irradiation. The symbol of thermal conductivity is 𝜆 and the 

unit of measurement in the international system is 𝑊/(𝑚 ∙ 𝐾). 

Thermal conductivity is hence the specific feature of each material: the higher it is the better is the possibility to 

transmit heat through that mass; if it instead get close to zero it means that the property to transmit heat get 

almost completely reduced. 

Thermal strenght 𝑅	of a material is the ability of a mass to resist to the heat transmission; it depends by the 

thickness 𝛥𝑥	of the material and by the thermal conductivity 𝜆	according to this relation: 

𝑅 = 𝛥𝑥/𝜆	

By knowing the data of the “optimized” concrete cunductivity given by Italcementi laboratory and having decided, 

during the planning phase, to create the internal sides of the hive with a thickness of 0,04 m, it is possible ti 
calculate the thermal strength of the artifact: 

𝜆 = 0,8	𝑊/𝑚𝐾	

𝑠𝑝 = 0,04	𝑚	

 𝑅 = 	0,04	𝑚/0,8	𝑊/𝑚𝐾 =	0,05 𝑚²𝑥𝐾/𝑊 

It is inferred than that the beehive, constructed with this material, gives back discreet isolating properties, very 

similar to the wood ones. 

 
Observation and comparison between the two types of hives 

During the management of the hives and in the comparison phase between the two types of hives, it was 

possible to observe a progressive infestation of ants in the wooden hives and the first signs of deterioration of 

the parts most exposed to atmospheric agents, events that did not occur on concrete hives. Some explanatory 

pictures: 
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No signs of degradation on the entrance of the 
concrete hive. 

 
 
 
 
 
 
 
 
 
 
 
 
First signs of aging on the entrance surface of the 
wooden hive. 

 

 
 
 
 
 
 
 
 
 
 
 
 
Concrete honeycomb cover free of infestations. 

 
 
 
 
 
 
 
 
 
 
 
 
Wooden honeycomb cover infested with an ant nest. 

 

Analysis of the beehives’ products 

Because of the time dedicated to the planning phase and the adverse weather conditions occured during July 

and August (heat and drought), it was not possible to take significant quantitative samples to make all the 

laboratorial analysis needed to verify possible interferences of the concrete material on the wax, propolis and 

honey. 
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Discussion 

From the analysis of the data collected, it is however possible to state that the beehive made of “optimized” 
concrete, supposing to have re-usable moulds, can be a valid alternative to the traditional one made of wood to 

run a stantial beekeeping thanks to the following evidences: 

1. production costs 6 times lower than a wooden beehive; 

2. ease and speed ion the assemply of the components in comparison with the construction process of the 

wooden beehive which needs many expensive and dangerous tools; 
3. everyone may auto-produce concrete beehives; 

4. safe from robberies, vandalistic acts and fires thanks to its mechanical strenght and the density of the 

material. A wooden beehive can be easily moved, damaged and put on fire; 

5. they allow bees to waste less energies and food to keep a constant temperature and humidity level of the 

hive, especially under extraordinary climate conditions. 

All the featured over listed show how the concrete beehive can guarantee a better habitat for the bees, drastically 

reducing costs of maintenance and natural resources exploitment. However, it is underlined the fact that, in order 

to obtain a more exhaustive idea about the beehive performances, it would have been necessary a longer period 

of time, starting from the settlements of the concrete beehives, so that to make: 

● evalutations of the conditions of the beehives during winter and their spring recovery (October 2022 - 
March 2023); 

● quantitative analysis of the production of the different products (May - June 2023); 

● qualitative analysis of the beehives’ products to understand if/when the concrete material can alter the 

products (May - June 2023). 

 

Final conclusions 

On the base of the collected data during the experience it can be concluded that the concrete beehive has better 

characteristics than the wooden one; first of all, its ease in being fabricated without the use of any particular tools 
or skills and the fact that it is a model replicable in any context. It is possible to say that the concrete material 

does not negatively affect the biological or the health of the beehive, on the contrary by keep constant inner 

climate conditions, it prevents the spreading of diseases which instead can proliferate in the wooden hive. In 

addition, concrete is a great solution to avoid the negative effects of the climate changing by reducing the 

activities needed to maintain the beehives and the costs of the beekeeping. It was also observed that a bee 

colony hosted inside a concrete beehive has more capabilityto store the collected food and hence be more 

efficient in productive terms. This increased health condition has than a very positive consequence on the 
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vegetal biodiversity allowing in this way other species survival on the territory. To conclude, it is a real alternative 
to face the actual problems related to the survival of the beehives and it guarantee a cheaper and more 

environmental friendly management of the beehives. 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 
This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

☐Beyond quarry borders 
⛝Biodiversity management 
☐Cooperation programmes 
☐Connecting with local communities 
⛝Education and Raising awareness 
☐Invasive species 
☐Landscape management  
⛝Pollination 
⛝Rehabilitation & habitat research 
⛝Scientific research 
☐Soil management 
☐Species research 
☐Student class project 
⛝Urban ecology 
☐Water management 

 
Flora: 

☐Trees & shrubs   
☐Ferns   
⛝Flowering plants   
☐Fungi   
☐Mosses and liverworts 

 
Fauna: 

☐Amphibians  
☐Birds   
☐Insects   
☐Fish   
☐Mammals   
☐Reptiles   
☐Other invertebrates 
⛝Other insects   
☐Other species 

 

Habitat: 

☐Artificial / cultivated land 
☐Cave   
☐Coastal  
☐Grassland 
☐Human settlement   
☐Open areas of rocky grounds 
☐Recreational areas   
☐Sandy and rocky habitat 
☐Screes   
☐Shrub & groves   
☐Soil   
☐Wander biotopes 
☐Water bodies (flowing, standing)   
☐Wetland 
⛝Woodland 
 

 
Stakeholders: 

⛝Authorities   
⛝Local community   
☐NGOs   
⛝Schools 
⛝Universities 

 

 

 


