
IOP Conference Series: Earth and
Environmental Science

PAPER • OPEN ACCESS

Upscaling bio-based products: poplar and hemp
for soil and building circular synergies
To cite this article: Elisa Zatta et al 2024 IOP Conf. Ser.: Earth Environ. Sci. 1402 012033

View the article online for updates and enhancements.

You may also like
Biological and economic features of the
‘Voronezh Giant’ hybrid poplar
A P Tsarev, R P Tsareva, N V Laur et al.

-

Promising introduced Black Cottonwood
species for bioenergy and forage
production
A Tsarev, Yu Plugatar, R Tsareva et al.

-

Results of the intersectional poplar
hybrids’ testing in the Central Chernozem
region
V A Tsarev

-

This content was downloaded from IP address 157.138.221.89 on 14/10/2024 at 16:17

https://doi.org/10.1088/1755-1315/1402/1/012033
/article/10.1088/1755-1315/574/1/012083
/article/10.1088/1755-1315/574/1/012083
/article/10.1088/1755-1315/875/1/012088
/article/10.1088/1755-1315/875/1/012088
/article/10.1088/1755-1315/875/1/012088
/article/10.1088/1755-1315/226/1/012006
/article/10.1088/1755-1315/226/1/012006
/article/10.1088/1755-1315/226/1/012006
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssUqMZyUmlhhvWxgf3uaUxfodWW-Uh9nw4yvvRO2F6kcFMxaAgvMtpPieqdOuxTvi-Oyy5ra4seHLxRz9WqnQAcLFKaciAOTJvauOLRbC_kUf4jqcpuYkjr-P32nzy74HOxfm3zQLKcOe4iuoAMCO8eDpbp7EAsMh1aSbBan9NO75FIL3VAc9XEl7ZB0BEXbf9c3Sgz6FU8DWjwOq4yeXVWQWg_oJDsxHCBCH-695aYi4Jaozfa9A2q9W8kuo1UOwcJ9UlPfK8Dn1TakCu-PdSoeOTDjEJ-fcZoMpVzke_AbpyHkrB6momWXtFwJ-fcNYgBGCbyI9anLZYc1rrMgLPS3LD-JIHwULaAzT9BJ2HI&sig=Cg0ArKJSzF7l6y6_aivd&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/247/%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_247_abstract_submission%26utm_id%3DIOP%2B247%2BAbstract%2BSubmission


Content from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

International Conference on Challenges for the Next Generation Built Environment
IOP Conf. Series: Earth and Environmental Science 1402 (2024) 012033

IOP Publishing
doi:10.1088/1755-1315/1402/1/012033

1

Upscaling bio-based products: poplar and hemp for soil and 

building circular synergies 

Elisa Zatta1,*, Elena Ferraioli1, and Elisa Bernard1 

1 Iuav University of Venice, Department of Architecture and Arts, Santa Croce 191, 30123, 

Venezia, Italy 

*Corresponding author: elisa.zatta@iuav.it

Abstract. The paper illustrates the rationale of an ongoing research aimed at identifying innovative 

applications for poplar- and hemp-based products in constructive systems, focusing on load-bearing 

poplar plywood elements and hemp blocks and panels for the building envelope. The underlying 

approach extends the circular-based perspective from the building component scale to the territorial and 

economic one, adopting a context-wise approach. The potential of these renewable materials is 

examined beyond the application to reversible building systems, to depict their comprehensive 

contribution to a carbon-neutral region by examining the links with the local territorial management and 

a potential short supply chain. The contribution describes poplar and hemp agricultural productions, 

connecting their outputs to several economic sector. After addressing the environmental benefits, the 

two cultivations produce in terms of climate change mitigation and adaptation, among which carbon 

uptake, it contextualises poplar- and hemp-based products within current bio-based solutions in the 

building sector, exploring possible applications in new and existing constructions through circular 

constructive systems. The results discussion outlines the sustainable multiscale synergies supported by 

poplar- and hemp-based building products within the research perimeter. 

Keywords: multi-scale approach, low-carbon building systems, renewable materials, soil management 

and regeneration, reversible construction. 

1. Introduction

In line with global institutional frameworks, European strategies have been increasingly highlighting

the importance of a shift towards circularity in all the energy and carbon-intensive sectors, among them

construction [1] [2]. In this context, policy trajectories stress the need to go beyond the actions targeting

the buildings’ operational life and to adopt of a whole life carbon perspective, defined as the one

encompassing “all greenhouse gas emissions resulting from the materials, construction and the use of a

building over its entire life, including its demolition and disposal. It is thus the total amount of embodied

and operational emissions” [3]. Several strategies can be jointly undertaken to support carbon neutrality

in construction; at a global scale, the United Nations Environmental Programme (UNEP) summarises

them in three urgent pathways [4]:

• Building (with) less and improving circularity.

• Shifting to bio-based building materials.

• Decarbonising conventional materials and only using non-renewable, carbon-intensive,

extractive materials when absolutely necessary.

https://creativecommons.org/licenses/by/4.0/
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Nevertheless, when transposing these strategies to different geographical and economic contexts 

such as the Italian North-East one - on which the paper focuses - they have to be tailored depending on 

the specific construction sector, built environment, and territory. 

Nowadays, the Italian building practice is tied to consolidated techniques and materials, 

distinguished by concrete and masonry blocks structures, a circumstance hindering the improvements 

towards the circular management of actual and future built resources. In fact, when a building reaches 

its end of life, the reclamation of the structural elements is unlikely an option and the selective 

demolition results in large, underused quantities of construction and demolition waste. Given that the 

allowed percentage of recycled aggregate for the structural parts is significantly limited [5], concrete is 

generally downcycled, as it happens for the masonry components. Hence, considering the energy-

intensive nature of these conventional building materials, material efficiency and material substitution 

appear to be the most effective strategies to prevent significant carbon lock-in paths in the built 

environment [6]. The depicted scenario highlights the need to investigate structural reversible building 

systems, especially the ones making use of non-extractive and renewable materials. 

In Italy, the building stock is extensively heterogeneous in terms of age distribution [7]; most of it 

currently requires functional and, above all, energy retrofit, an urgency underlined also by European 

strategies [8]. Recent economic incentives have encouraged privates to improve the energy efficiency 

of the residential buildings’ envelope and installations, however a large share of the whole stock still 

proves to be unfit [9]. Therefore, solutions for the energy efficiency of the building envelope in both 

future and existing buildings must be investigated, above all the ones avoiding insulation materials with 

high embodied carbon - such as the polymeric ones [10] [11] [12], possibly exploring the potential of 

bio-based products instead. 

The trajectories outlined by these two guidelines - renewable materials and reversible building 

systems for structural purposes and bio-based products for the building envelope, should be further fine-

tuned on the specific context. In fact, when examining the embodied energy and carbon of a construction 

product, a life-cycle approach encourages to evaluate its circular and decarbonisation potential in a wider 

framework. This assumption goes beyond climate parameters and the building systems’ environmental 

performance, extending the scope to the geographical and economic features of the region by connecting 

two dimensions, the territorial sustainable management and the local supply chains, to examine their 

joint potential in improving the natural and built environments. Hence, to foster context-wise synergies 

maximising both circular patterns and carbon-neutral strategies, investigating bio-based products and 

renewable materials requires to adopt a multi-scale approach, building upon the local territorial features 

and socio-economic fabric. 

With reference to the Italian North-East, its fragile territory presents inherent environmental risks - 

as the seismic and hydrogeological ones - more and more exacerbated by climate change. Several 

agricultural productions, consolidated in the area, could contribute to carbon sequestration, vulnerability 

reduction and soil regeneration, while offering, at the end of the growth cycle, a source for bio-based 

and renewable building materials in a short supply chain. Besides being a means to enact economic and 

ecologic sustainable processes that positively affect construction, this circular approach could also 

involve the local widespread and established network of SMEs with linkages to the building sector. In 

particular, furniture manufacturing, providing a solid know-how about wood-based panels and plywood, 

has to be considered. 

Starting from these premises, the research “Integrated circular strategies and renewable materials”, 

spanning 18 months, recently started within the context of the Interconnected Nord-Est Innovation 

Ecosystem (iNEST). Objective of the research is to examine bio-based products deriving from poplar 

and hemp, cultivations consistent with the Italian North-East agricultural production, to identify the 

potential synergies that could be activated between the territorial management, the architectural practice, 

and the local supply chains. This multi-scale and circular-based approach aims to link three dimensions: 

• The application of poplar-based structural elements and of hemp-based insulation products in

reversible building systems for existing and new constructions.
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• The benefits produced by poplar and hemp plantations in terms of soil circular management and

regeneration, carbon capture, and risk reduction.

• The supply chain perspective about the potential upscaling of the products and components

deriving from these cultivations.

By examining and connecting these dimensions, the project adopts a synergic and context-based 

perspective of the circular management of material resources (Figure 1). 

Figure 1. Workflow of the research 

The contribution will describe how the state-of-the-art led to identify a range of products and 

solutions to be examined, paying attention to depict the different aspects supporting the upscale of these 

two biobased materials (Figure 2). Paragraph 2 will analyse the poplar and hemp agricultural 

productions in relation to the examined context, to identify their multiple outputs and several connected 

supply chains. Paragraph 3 will describe the benefits the two cultivations could produce on the territory, 

addressing soil remediation, risk reduction strategies, and carbon uptake. Paragraph 4 will contextualise 

poplar- and hemp-based products among current bio-based solutions in the building sector and will 

explore possible applications in new and existing constructions through circular constructive systems. 

Paragraph 5 will discuss the research following steps and identify the potential limitations, in light of 

the multi-scale circular-based approach and its objectives. Paragraph 6 will draw the conclusions. 

Figure 2. Structure of the paper 
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2. Poplar and hemp: from the agricultural production to the valuable outputs

The reason for steering the building sector attention towards poplar and hemp does not only rely on the

environmental and cross-cutting benefits these plantations could provide, but also on their historical and

future potential economic impacts examining the specific local context within the global economic

scenarios.

When considering the construction transition towards an increase in the use of mass timber products, 

usually the benefits in terms of carbon storage are highlighted [13] [14], as well as the shorter timeframes 

for the structure assembly given its prefabricated and modular nature [15]. Nevertheless, two intertwined 

factors are sometimes overlooked: on the one hand, the actual climate benefits achieved by wooden 

constructions given the growth cycle of the trees used to source the materials and, on the other hand, the 

future availability of the wood resource itself [16]. In the European context, fir trees are the most 

common source for mass-timber structures as Cross-Laminated Timber (CLT) and Glulam. However, 

the increasing demand for this renewable resource could question its very renewable nature in a 

sustainable management perspective [17], ultimately endangering the fundamental role that forest could 

play in European climate change mitigation strategies [18]. Moreover, tree farming can be considered a 

means to meet the demand for construction products only if it provides the necessary materials within 

limited timeframes, and the importance bioeconomy is gaining as a driver could induce demand to 

exceed the total timber supply within few decades [6]. These circumstances highlight the importance of 

paying attention to the different trees’ life cycle, focusing on the products derived from the fast-growing 

species - such as poplar. 

When examining biobased insulation products and the related cultivations, different observations 

emerge. Besides being considered promising alternatives to construction carbon-intensive materials due 

to the generally low thermal conductivity [19], plants as hemp are put at the intersection of different 

supply chains and industries, among them: food and beverages, livestock nutrition, textiles, packaging, 

biomass, and biofuels. This implies considering, on the one hand, how each part of the plant can be used 

for producing different outputs and, on the other hand, that by-products and waste of each productive 

process could become a source for other industries through the adoption of circular and symbiotic 

patterns. Such perspective paves the way for building coordinated strategies in local and regional 

economies through the promotion of established and context-wise businesses, materials and crafts [20]. 

The depicted scenario stresses the importance of analysing poplar and hemp cultivations different 

aspects: 

• The plants general features and the growth cycles usually adopted for the plantation and tree-

farming activities.

• The different manufacturing processes taking place at the end of the growth cycle, and the

related bio-based outputs derived from the various parts of the plant.

• The market products fabricated by using the identified outputs and the different economic

sectors in which they are utilised.

In fact, as [16] underline, “appropriate biobased material choices consider the local supply chain and 

availability, sustainable cultivation, climate responsive architecture, and possibly add value to local 

agricultural practices by creating new streams for by-products’ valorisation, as well as creating jobs in 

local communities”. By outlining the current practices, processing and markets related to poplar and 

hemp cultivations, it will be possible to understand their role in the agricultural sector and related supply-

chains. Following the construction of this framework, the potential in the territorial sustainable and 

circular management, as well as the use of the final products in the building sector and architectural 

applications will be examined. 

2.1.  Poplar tree farming: features, outputs and related sectors 

In Northern Italy, tree farming has been a well-established industry since the early Twentieth century. 

Poplar cultivation, despite a decline in the last decades that led to a strong decrease in the dedicated 

area, represents an excellence in the wood-based production for industrial and energy use [21]. Although 

covering less than 1% of the whole forest territory, poplar provides almost half of the industrially 
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manufactured timber in the country [22]. Nevertheless, as institutional and private stakeholder recently 

underlined [23], its cultivation should be strongly enhanced to promote local manufacturing, as the 

national production currently only supplies about the 20% of the industrial wood-based products 

demand. 

The most common clone used in poplar plantations is the so-called “I-214” (P. ×canadensis), 

characterized, on the one hand, by great adaptability to the climate and soil conditions, and, on the other 

hand, by intrinsic biologic features making it suited for the plywood and panels industries. Due to these 

features, and despite the clone’s susceptibility to biotic threats [24], in decades its incidence on the total 

of poplar plantations gradually increased, almost leading to a monocultural model. In the last years, to 

foster biodiversity and a more sustainable model of territorial management, the MSA (“Maggiore 

Sostenibilità Ambientale” - hence, offering a greater environmental sustainability) clones have been 

introduced. These clones, proving a better resistance to the main biotic adversities, require less intense 

cultural practices and disease control interventions, also allowing for the same final processing adopted 

for I-214 clone. 

The poplar cultivation generally relies on growth cycles between 8 and 10 years [21], sometimes up 

to 12 years. At the end of the cycle, three main processing of the tree can be carried out, depending on 

the part of the plant to be manufactured, on its technical features and on the desired final output [25]: 

• Peeling is generally used for the lower part of the trunk, as it is possible to derive veneer

layers useful for both the construction and furniture sectors final products.

• Sawing concerns a larger portion of the trunk and allows for many outputs that can be used

in thicker final products.

• Chipping is used for the smaller branches up to the tree crown, and from this process particles

and chips derive.

When choosing the correct processing for each part of the tree, the diameter and potential defects 

of the trunk are fundamental to consider for maximising the outputs. Figure 3 summarises the 

poplar farming growth cycle, connecting the further processing to the related outputs, these outputs’ 

use in final products, and the related supply chains. 

Figure 3. The poplar growth cycle, different outputs depending on the processing, their use in 

market products, and connected supply chains (adapted from [25])  
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More recently, polycyclic cultivations models were introduced. Based on management strategies that 

substitute cultivation inputs with natural dynamics, they are conceived to allow wood production by 

using different one or more main species (generally broadleaves trees), paired with accessory species 

[26]. These models, drawing from the historic agricultural tradition [21], aim to achieve growth 

synergies, a better conformation of the trunks, multifunctionality objectives, and the reduction of the 

risks deriving from monocultural models. By merging different productive cycles in a single plantation, 

not only biodiversity is differentiated, but also the quality and amount of wood-based products deriving 

from the final processing could increase if compared to a single clone farming model. This would 

ultimately guarantee a higher productivity of the plot just by making use of nature-based strategies. 

Three different cycles can be distinguished in a polycyclic model: 

• very short rotation trees, mainly destined to biomass production, with a 1-2 years growth cycle.

• short rotation trees, used for veneer production, with a 10-12 years growth cycle.

• medium- to long- rotation trees, used for timber production, with growth cycles higher than 20

years.

In this model, poplar can fulfill different functions depending on the growth cycle it is positioned in: 

as a very short-rotation tree, it can be a source for biomass and wood-based panels, while, as a short-

rotation tree, it is mainly used for veneer production through peeling operations [21] [27]. 

2.2.  Hemp agricultural production: features, outputs, and related sectors 

Hemp (Cannabis sativa L.) is one among the most ancient fibre-plants cultivated by man, mainly for 

textile and paper production, but also for medical and nutritional purpose. Despite being a consolidated 

production in the modern Italian economy throughout the whole territory, after World War II its 

production suddenly decreased, as more competitive textile fibres - at first natural ones, later synthetics 

ones, were introduced in the market. Due to the drop in the cost-effectiveness of hemp-related industrial 

activities, the interest in its cultivation decreased even though, in the previous decades, the country had 

been among the world leaders in its production, considering both the total extension of the area dedicated 

to plantations and the related throughput [28]. Moreover, the strict Italian normative about industrial 

hemp cultivation, originally conceived to contrast the opiates illicit crops and market, but almost 

irreversibly affecting the whole legal industry, prevented the Italian producers to resort to the European 

financing schemes that supported the other countries’ industry in the early 1990s [29]. Recently, the 

political interests on this cultivation have been rising due to its potential significant value in many 

different economic sectors, and the agricultural production has been supported, especially in the Italian 

Northeast, through a more appropriate normative framework promoting the local production and supply 

chain [30] [31]. 

Hemp is an annual herbaceous crop currently distributed worldwide, with 120-150 days cropping 

cycle, that can supply a high yield of dry matter per ha [32]. Its intrinsic features, in particular the 

structure of the stem, make it possible to derive various different outputs by processing the several parts 

the plant is composed of, each one of them with specific technical characteristics to be taken advantage 

of, making hemp a multi-purpose crop. While the seeds, consumed raw or pressed into seed oil, are 

mainly used in the pharmaceutical sector and food industry, the outputs deriving from the stem 

processing represent an important resource for different markets. Analysed in a horizontal section, the 

stem structure can be divided in three different parts [32]: 

• the hollow space at the centre.

• an inner layer, surrounding the empty core, composed by a woody material known as shives or

hurds.

• an external layer, extending to the epidermis of the stem and containing the fibre bundles.

Depending on the processed component, the shives or the fibres, several outputs can be produced after 

the stem decortication. The shivs can be processed into animal bedding, construction materials, fiber 

board components, paper filler, or used as biomass; the fibres, depending on their length and quality, 

are used in the paper manufacturing, insulation products, carpets and cordages, or fibre boards [32] [33]. 
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Figure 4 depicts the hemp plantation growth cycle, linking the different processing to the outputs, 

these outputs’ use in various final products, and the many related supply chains. 

Figure 4. The hemp plantation growth cycle, the different outputs depending on the processing, 

their use in market products, and connected supply chains (adapted from [32] [33] [34])  

3. Territorial benefits deriving from poplar and hemp cultivations

Poplar and hemp cultivation represent two agriculturally important resources in the sustainable

management of the territory, with positive implications for the environment, economy, and society.

These crops are particularly relevant for promoting circular and regenerative agricultural practices,

actively contributing to carbon capture, climate change mitigation, and reduction of environmental risks

[35].

One of the main benefits of these crops is their ability to contribute to the management of hydraulic 

risk. Poplar, with its deep and developed root system, has proven to be effective in hydrological 

regulation, absorbing and retaining excess water, reducing the risk of soil erosion and flooding [36] [37]. 

Similarly, hemp, with its abundant biomass and robust root system, can improve soil permeability, 

increasing its infiltration capacity and reducing the risk of floods [38]. 

Poplar and hemp crops also play a significant role in soil remediation. Poplar is known for its ability 

to absorb and accumulate contaminants, such as heavy metals, pesticides, and excess nutrients, 

contributing to the reclamation of contaminated soils [39] [40]. Hemp, on the other hand, has shown 

potential in decontaminating lands through the phytoremediation process, absorbing contaminants from 

the soil and accumulating them in its tissues [41]. In this sense, these crops are able to promote a 

sustainable and circular revitalization of the soil, through the contribution of organic matter and nutrients 

[42]. This is possible by cultivating them on degraded or unused lands, transforming them into 

productive areas and regenerating the soil. This circular approach promotes the valorization of the 

territory, favoring biodiversity, soil fertility, and ecological resilience [43]. 

For these reasons, the cultivation of poplar and hemp within agroforestry systems emerges as an 

innovative and multifunctional strategy for the sustainable management of the territory, combining tree 

or shrub forest crops with agricultural and livestock activities. This pioneering method, involving the 

trial of poplar and hemp crops, represents uncharted territory, offering a promising model for further 
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exploration. These systems are capable of providing a wide range of economic and environmental 

benefits, while presenting potential challenges related to decreased yields and homogeneity of 

technological characteristics [21]. 

Poplar stands out for its multiple environmental functions. It serves as a windbreak, contributing to 

the protection of surrounding crops from winds and harsh weather conditions, and constitutes an 

essential component of the ecological network. Its rapid growth and ability to absorb carbon dioxide 

actively contribute to carbon capture. This crop can also be used as a buffer strip to protect soils from 

erosion, particularly in the early years after planting when soil cultivation is limited. Poplar plantations 

have also been studied to reduce erosion in riverbanks during flood events, highlighting their potential 

in water regulation and soil protection [21], and playing a role in phytodepurating contaminated areas 

[21] [44]. Besides biomass production, SRF crops can provide a series of ecological services that have 
become more and more important over the last few years. Restoration of quarry sites or polluted lands, 
stabilization of riverbanks, and creation of ecological corridors are often accomplished with SRF 
cultivation. Recently, SRF plantations were used in research projects to evaluate the possibility of 
applying wastewater and sludge with different origins. While this is a quite new approach in Europe, 
there is an increasing interest in such systems for treating and reusing waste residues and simultaneously 
producing biomass for energy [44].

Despite the benefits, introducing poplar plantations on agricultural lands may result in 

transformations of lesser value compared to traditional practices of logging, such as obtaining materials 

for sawing, resulting in a reduction of economic value [21]. However, converting agricultural lands 

previously cultivated with cereals into poplar plantations can lead to a significant increase in the soil 

organic matter stock, compensating for potential reductions in the positive balance of carbon stored in 

the soil organic matter [21]. Concerning hemp, it can be considered a valuable crop when considering 

that, compared to other cultivations, it has a low fertilizer and irrigation demand; moreover, it can be 

used as well as in crop rotation practices before winter cereals, such as wheat [32]. 

In summary, the cultivation of poplar and hemp within agroforestry systems offers an integrated and 

sustainable approach to land management, promoting ecological resilience, climate change mitigation, 

and environmental protection. These systems represent an innovative solution that combines 

agricultural production, environmental conservation, and sustainable development [21] [44]. Table 1 

synthetises the different ecosystem services that the two plantations provide. 

Table 1. Ecosystem services provided by poplar and hemp cultivations [21] [45]. 

Ecosystem service Type 

Poplar 

production of industrial wood supply 

water floods regime regulation and reduction of soil erosion regulation 

reduction of the environmental impacts compared to the 

agricultural production 
regulation 

filtering of the solutions circulating in the soil (nutrients and 

polluting substances) 
regulation 

reduction of Greenhouse gases (GHGs) regulation 

realisation of transition areas between the woods and the 

agricultural crops 
regulation 

being an element of the ecological network support 

conservation of the rural landscape cultural and social 

biodiversity conservation cultural and social 

public fruition for recreational purposes cultural and social 

Hemp 

production of fibers for the textile industry supply 

cultivation of seeds for human and animal consumption supply support 

improvement of soil quality through erosion reduction regulation 

groundwater filtration, removing excessive contaminants regulation 
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reduction of environmental impact compared to traditional 

crops 
regulation 

minimization of greenhouse gas emissions regulation 

creation of transition zones between forest and agricultural 

habitats 
regulation 

increase of biodiversity through habitat creation for plant 

and animal species 
support 

conservation and enhancement of the rural landscape support 

integration into the ecological network to promote 

connectivity between different habitats 
support 

promotion of cultural traditions related to hemp cultivation cultural and social 

providing economic opportunities and employment for local 

communities. 
cultural and social 

4. Potential as circular and bio-based resources for the built environment

The brief analysis of the two agricultural productions in relation to the current market, together with the

potential proved by poplar and hemp cultivations in the territorial and soil benefits, encourage research

into the innovative application of their outputs in products for the building sector.

4.1.  Hemp- and poplar-based products in the building market: an overview 

Poplar solid wood is traditionally not considered suited to load-bearing applications due to the warping 

behaviour [46] that hinders its safe use, therefore boards represent the only building product derived 

from the tree’s sawing. Nevertheless, as the construction practice is moving more and more towards the 

use of engineered wood, international research has been exploring how species less conventional than 

fir could substitute them in mass-timber or lumber elements. In fact, engineered wood can be organized 

in three main categories: 

• Mass timber, including: Cross-Laminated Timber (CLT) - panels with isotopic performances

used as load-bearing walls and slabs, and Glue-Laminated Timber (Glulam) - elements with a

unidirectional behaviour and suited for one-way spanning applications as beams and pillars.

• Structural composites, including: Laminated Veneer Lumber (LVL), Parallel Strand Lumber

(PSL), Laminated Strand Lumber (LSL), and Oriented Strand Lumber (OSL), elements

carachterised by a unidirectional orientation of the veneer or strands, hence suited for one-way

spanning applications as beams and pillars.

• Panels, including: Plywood, Oriented Strand Boards (OSB), Medium Density Fibreboards

(MDF), High Density Fibreboards (HDF), and particle boards. The structural or non-structural

function of these products depends on their complying with the UNI EN 13986 [47]

requirements.

As already mentioned, poplar is widely used for plywood veneer layers, both internal and external 

ones due to its aesthetic qualities; in these products, the layers can entirely derive from a single specie 

or be assembled according to a hybrid pattern. While these panels have been for decades a significant 

input as semi-finished products in the furniture components local industry [25], research is recently 

examining their wider potential in the building sector as load-bearing elements [48]. Also OSB panels 

can be produced by poplar strands, in a variable share up to the entirety of the wood used. Applications 

in mass timber are less common, at least in the Italian industry context, nevertheless several 

investigations assessed the suitable properties of CLT panels with poplar inner layers [49] [50]. Among 

the structural composites, LVL represents a recent field of investigation - also due to the growing 

demand of engineered wood products; although its use is more common in North American regions, 

demand in Europe is significantly expected to rise in the next yeas [51]. LVL can be composed of 

veneers belonging to different species, either coniferous or deciduous ones: among them poplar, proving 

good performances [52], although attention to the specific clone used must be paid [53]. 
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Hemp is becoming quite popular in the eco-friendly construction field, although the latter is still a 

niche in the Italian market. Nevertheless, hemp-based products have been gradually spreading and, 

besides fibres or shives marketed as loose material, they can be organized in three main groups: 

• Blocks, mainly composed of hemp shives with a small percentage of mineral component (lime),

to be used for non-structural purposes. Thanks to the massive structure and the low conductivity

of the material, they prove good thermal and acoustic properties, and are particularly suited to

be used in the layering of the building’s external walls, but also in the internal partitions. Their

installation usually requires mortar.

• Panels, made up of compressed hemp fibres, to which a small percentage of natural bonding

fibres or synthetic adhesives is sometimes added, used for insulation. These panels are suited to

be applied the building envelope, hence both external walls and roof, but can used in horizontal

and vertical partitions as well. The fiber structure of the panels guarantees significant acoustic

performances, above all high noise absorption, and good thermal properties, depending of

course on the specific density and compression rate of the fibres. Their installation is usually

reversible.

• Pre-mixed products, including hemp shives, a binding agent - usually natural lime, and possible

natural additives, to produce conglomerates for non-structural purposes. Among them,

“hempcrete” (a mixture of lime and thick shives as fibre reinforcement in variable proportions)

is used for the building envelope and inner partitions and can be both molded in place and

sprayed. Lime plaster reinforced with thin shives is probably the hemp-based most known

product and has been used as a finishing in internal and external partitions for decades.

All the hemp-based products ensure good hygrotermal performances, contributing to the indoor 

comfort in both new construction and renovation activities. Due to the carbon sequestered in the plant 

growth cycle, they can demonstrate an embodied carbon significantly lower than conventional 

alternative products [54]. Moreover, despite their natural origin, they are not subject to the activity of 

rodents, mites, and termites due to silica being present in the fibre. Nevertheless, as all bio-based 

insulation products, hemp insulating panels are affected by a lack of economic competitiveness when 

compared to synthetic materials [55] a factor affecting the users’ penchant. 

4.2.  Circular applications in building systems: prospects and precautions 

When exploring the possible upscale of poplar- and hemp- agricultural production in the research 

perimeter, attention must be paid to the features of the building products manufactured with the outputs 

deriving from these cultivations: 

• they have to be suited for reversible building systems, to ensure the circularity prerequisite to

be fulfilled.

• the possible uses in these systems have to be evaluated in relation to their potential weaknesses

- as biobased materials, although performant and reliable, are not suited to all the functions that

non-natural alternatives can take on.

Concerning the poplar-based products circular potential, all engineered wood elements can be 

installed with reversible fastenings, as they were conceived in the prefab building industry field. 

However, their durability and, consequently, their future proper management through reuse, depends on 

an installation that carefully avoids contact with water. Current building practice adopts a range of 

possible solutions protecting the engineered wood components from water absorption by detaching the 

elements from the ground through concrete or steel intermediate elements and paying attention to a 

correct waterproofing of the external walls and roofing systems. This concerns the most popular load-

bearing elements (CLT and Glulam, with reference the Italian context), but the same rationale can be 

adopted for products that, although less common in the local architectural practice, can provide structural 

uses, such as panels. In particular, wood-based panels are subject to different environments depending 

on their position within the layering of a building system, a circumstance affecting their moisture content 

[56]. However, thermal modification can be a means to prevent the hygroscopic nature of wood elements 

to reduce their durability in time [57]. 
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Examining hemp-based products in the multi-scale circular perspective of the research, all of them 

contribute to a productive synergy between the agricultural production and the building sector by 

valorising the shives. In fact, most of that output is treated as a low-value by-product of the crops in 

other sectors [58], while the thermal and acoustic performances it provides represent an important 

property in sustainable constructions. Nevertheless, considering the investigation scope, products not 

allowing reversible solutions - fibre reinforced conglomerates and plasters, fall out of it. As a 

consequence, only the application of panels and blocks in constructive systems will be examined in the 

next steps of the investigation, whereas they are produced and installed without mortar, or with a small 

and easily removable amount of adhesive substances. Concerning their specific use in the layering of a 

building systems, it has to be considered the significant hygroscopic features of hemp, resulting in an 

extremely high water absorption [12]. This especially affects the durability and performance of fibre-

based insulation panels. Recent research [59] assessed how the contact with water produces relevant 

increases in both mass and volume of these elements, suggesting limiting the use of hemp fibre panels 

to controlled environments, “excluding any kind of contact with precipitation or any other source of 

water during storage and transportation, because full drying is impossible in natural conditions at a 

building site in case of water absorption”. Nevertheless, the study also noticed how, if the layering of 

an external wall is properly designed, the panel should be protected except in case of damaged 

waterproofing. 

5. Discussion:

The investigation outputs can be examined in two different perspectives: on the one hand, focusing on

general remarks related to the literature analysis, and, on the other hand, in light of the cross-cutting and

context-oriented approach on which the research is based.

Current national and international literature support poplar- and hemp-based construction materials 

and elements to be adopted for increasing the built environment sustainability. These observations rely 

on the multiple advantages provided by the two fast-growing agricultural productions, that encompass 

the territorial perspective and the building system scale. The renewable origin of these bio-based 

products and their feasible circular management through reversible constructive systems encourages 

research towards in-depth analysis of their potential through a life-cycle approach. However, the many 

ecosystem services and territorial functions provided by poplar and hemp also suggest how the adoption 

of a multi-scale perspective enhances the understanding of these cultivations’ sustainable outcomes. 

Besides addressing carbon neutrality at different levels, this approach allows to jointly undertake several 

environmental challenges, as risk reduction and soil regeneration - ultimately building a synergic 

operational framework in the context of climate change prevention and adaptation. Nevertheless, it has 

to be noted that climate change itself represents a huge variable in the long-term effectiveness of the 

strategies relying on bio-based materials, despite their origin from fast-growing cultivations. In fact, the 

productivity and profitability of plantations could be challenged by restrictive irrigation associated with 

climate change, and significant variations in the rainfall regime could especially affect poplar Short 

Rotation Forestry (SRF) crops [44]. 

Contextualising the results in the research specific perimeter, two dimensions have to be considered: 

the local supply chains and industry, to build upon an existing know-how and potential, and the target 

in terms of building stock, identifying solutions suited to both renovation and new construction. Thus, 

by examining the investigation outputs, the most suited poplar- and hemp-based materials and elements 

should be identified as preliminary results on which basing the following steps of the study. 

Given the local context manufacturing and economic fabric, poplar plywood represents a product on 

which the research should definitely focus on. This evaluation is supported, on the one hand, by the fast-

growing and locally based nature of the resource that represents the necessary premise for a short supply 

chain, and, on the other hand, on the already existing network of SMEs providing the proper knowledge 

to explore poplar plywood potential novel applications. The latter would be suited to both new 

constructions and renovation or extension of existing buildings, either with structural purposes or in 

layering designed to improve the energy efficiency of the envelope. 
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With regard to hemp, panels and blocks are suited to multiple applications as well, all of them taking 

advantage of the thermal and acoustic properties provided by the material resource itself. However, 

although its agricultural production has been recently, and significantly, spreading in the North Italian 

area, the national producers’ association reports a lack of processing plants in the Country for the fibres 

and shives manufacturing [29]. Given the recent political interest in supporting this cultivation as a local 

resource, the processing infrastructure will supposedly be established once the throughput value will be 

considered. This would create the missing link between producers and the several established companies 

in the territory involved in the eco-friendly construction products manufacturing and support a short 

supply chain in the sector. 

Based on these observations, the following research next activities can be identified, to be carried 

out while defining the related normative framework: 

• the involvement of the local supply chain actors, especially the ones active in the agricultural

production and manufacturing, to examine barriers and enabling factors.

• the analysis of the geographical distribution of the existing cultivations, to cross-check territorial

data and develop possible management strategies for risk reduction and soil regeneration.

• the exam of case studies proving a degree of innovation in the application of hemp-based panels

and blocks and the analysis of poplar plywood structural applications, starting from the results

of recent research conducted in Northwestern Italy - a geographical and climate similar context.

6. Conclusion

The contribution described the rationale and objectives of a multi-scale and circular-based research

aiming to address carbon neutrality by connecting, through a context-wise approach, local fast-growing

agricultural productions with three dimensions: the building sector, the territorial management, and the

local supply chain.

The paper focused on the potential of poplar- and hemp- cultivations, defining the related growth 

cycles, outputs, final products, and related economic sectors. It then examined the multiple 

environmental functions provided by the two plants, such as carbon uptake, hydraulic risk reduction, 

soil protection and remediation, outlining their contribution to climate change mitigation and adaptation. 

Poplar- and hemp-based products were then contextualised among bio-based solutions in the building 

sector and were examined in light of three parameters: possible applications in reversible building 

systems, compatible functions depending on the material and technical features, and connection to the 

existing local manufacturing fabric. The results discussion steered the research next steps towards the 

study of innovative applications of poplar structural plywood and hemp-based panels and blocks, suited 

to both new constructions and existing buildings. 

The investigation highlights how a multi-scale and circular-based approach allows to address carbon 

neutrality at different levels, beyond the construction component scale, possibly building a synergic 

operational framework in the context of climate change prevention and adaptation. 
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