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a b s t r a c t

The management of a large amount of wood waste generated from construction activities is a challenging
issue. However, wood waste is an inherently renewable resource that can be recycled and utilized for the
production of green products and renewable energy. In order to minimize the environmental impacts
and to provide a scientific basis for the decision-making process on the wood waste management sys-
tems, a life cycle assessment (LCA) approach was employed in this study to evaluate the potential
management systems from an environmental point of view. Three alternative scenarios, including the
recycling and reusing of wood waste to produce organic polymer based particleboard, cement-bonded
particleboard and energy were compared with the current disposal strategy (landfill disposal), with
the functional unit of 1 tonne of wood waste within a cradle-to-grave system boundary. The LCA results
showed that significant reductions of environmental impacts were observed for the production of
particleboard (scenario 1) and wood-cement composite (scenario 2) from wood waste compared to that
of using virgin wood. However, the results also showed that scenario 3 (energy generation from bio-fuel
derived fromwood waste) was the best strategy, as this technology reduces more than 1 tonne of CO2 eq
greenhouse gases compared to the energy generation from coal. The analysis conducted in this study can
serve as guidelines to design a sustainable and resource-efficient wood waste management system.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The construction industry consumes a huge amount of resources
and disposes a considerable amount of waste to the environment.
Sustainable management of construction waste is paramount
important in order to minimize resource consumption, increase
recycling, and reduce the related environmental impacts. According
to the Hong Kong Environment Protection Department (HKEPD),
over 66,000 tonnes per day of construction and demolition waste
were generated in 2015. Among them, about 1000 tonnes per day of
wood waste were generated in Hong Kong. Thus, the management
of such large amount of waste has become a serious concern due to
the shortage of waste disposal outlets in Hong Kong (HKEPD, 2017).
However, building construction waste can be reused as a raw ma-
terial for the manufacturing of secondary materials/products
(Rodrigues et al., 2013). For example, recycled aggregates from
concrete waste (Butera et al., 2015; Hossain et al., 2016b), bio-fuel

from wood waste (Dahlbo et al., 2015; Hossain et al., 2016a), sec-
ondary steel from steel scraps (Dahlbo et al., 2015; Mercante et al.,
2012), other materials including plastics, papers, glass, aluminium,
etc. (Mercante et al., 2012; Hossain et al., 2017b).

Wood waste contributes to a significant portion of the total
building construction waste (Poon et al., 2001). There is an
increasing concern on the wood-based products especially on the
environmental impacts of the production, use and disposal of the
wooden items/goods at the end of their service life (Sathre and
Gonzalez-Garcia, 2014). Wood is considered as a versatile renew-
able resource with high potential of impacts mitigation (Hoglmeier
et al., 2017). Wood waste is a secondary resources that can be
reused for wood products and energy production (Kim and Song,
2014; Ratajczak et al., 2015; Bergeron, 2014). Virgin raw materials
can be replaced by recycled wood that can reduce the associated
cost and externalities for logging, transportation, and disposal (Kim
and Song, 2014; Jungmeier et al., 2002). Several major wood waste
management options have been identified which include recycling
for wood composites, particleboard production and bio-fuel pro-
duction (Ruisheng et al., 2014). In addition, landfilling of the wood
waste is the most commonly appliedmanagement method inmany
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parts of the world including Hong Kong, which is undoubtedly a
non-sustainable practice that results in substantial environmental
impacts as well as wastage of an enormous amount of landfilling
space (Tsang et al., 2007). But due to the limited downstream re-
cyclers of wood waste, as well as lack of appropriate government
policy, landfilling is still the prevailing practice for wood waste
management in Hong Kong.

Several studies have demonstrated that the use of recycled
wood is technically feasible for particleboard production (Yang
et al., 2007; Varga et al., 2004; Erlandsson and Sundquist, 2014).
These studies have focused on assessing the characteristics of
particleboard produced from recycled wood chips, and found
comparable mechanical properties (e.g., bending strength, internal
bonding strength, thickness swelling, etc.) compared to particle-
board produced with virgin wood. Besides, the production of
cement-bonded particleboard (CBP) produced with recycled wood
from construction activities was found to be technical feasible
(Wang et al., 2016a,b; Kruger et al., 2009; Werner and Richter,
2007). These studies demonstrated that CBP produced from recy-
cled wood met the standards on mechanical performance (e.g.,
flexural strength of >9MPa) and manifested excellent noise
reduction and low thermal conductivity which suggested the po-
tential applications of the CBP as lightweight acoustic and thermal
insulating materials. Wood residues are also suitable for wood
pellets production that can be burned directly as a fuel to provide
thermal energy in the relevant industries (Magelli et al., 2009). In
addition, wood waste generated from building construction activ-
ities are also suitable for wood pellets production, and can be used
as a fuel to substitute coal for reducing environmental impacts
(Hossain et al., 2016a).

Life cycle assessment (LCA) is a well-established technique
specified in international standards (ISO, 2006a,b), and it has been
widely used to assess the environmental impacts in waste man-
agement systems (Clavreul et al., 2012). A few LCA studies have
been published on the biomass to energy generation; for example,
power generation from direct biomass burning in China (Wang
et al., 2015), US (Nuss et al., 2013), and France (Perilhon et al.,
2012). Although several LCA studies have also confirmed that
wood pellets from fresh and recycled wood waste can be used for
sustainable energy generation (Reed et al., 2012; Hossain et al.,
2016a, 2017a; Zhang et al., 2010; Katers et al., 2012), few LCA
studies have been conducted on the environmental implications of
the particleboard production (Silva et al., 2013; Wilson, 2010b;
Merrild and Christensen, 2009; Rivela et al., 2006a).

In addition, several LCA studies have been conducted on wood
waste management and utilizations, especially on wood residues
from fresh wood processing (Nuss et al., 2013; Carpenter et al.,

2013). Mercante et al. (2012) assessed the environmental impacts
of construction and demolition waste management systems in
Spain, where different recoveredmaterials (e.g., metals, aggregates,
plastics and wood) were used to replace primary materials, where
wood chips from primary softwood were replaced by secondary
wood. Bais-Moleman et al. (2017) assessed the potential of
cascading use of woody biomass in different utilizations for
reducing greenhouse gases (GHGs) emission based on 28 member
states of the European Union. Morris (2016) studied the potential
recycling and utilizations of wood waste, and the study considered
a few recycling options, such as recycled wood products to wood
pulp for papermaking, and direct burning to energy generation as a
substitute of natural gas boiler fuel. However, other alternative
feasible techniques, such as particleboard production, wood com-
posites and bio-fuel (instead of direct burning) production has not
been considered.

Therefore, this study aimed to assess the environmental per-
formance of wood waste management systems comparatively, us-
ing a case study in Hong Kong. The study provided the
comprehensive evaluation of different alternative options to reduce
environmental impacts, and resource-efficient solutions for wood
waste management systems that can be used in decision making
processes, especially for high-density and compact cities, like Hong
Kong.

In order to evaluate the environmental impacts, four manage-
ment scenarios, including (i) particleboard production, (ii) cement-
bonded particleboard production, (iii) bio-fuel production towards
energy generation, and (iv) landfilling (current management
method in Hong Kong), were assessed based on environmental
performance. In addition, the mentioned products and energy
generation were compared with conventional products produced
with virgin materials and the conventional fossil fuel.

2. Methodology

2.1. Study method

Life cycle assessment (LCA), a well recognized environmental
impacts assessment method (ISO, 2006a), was applied in this study
in order to make sound decision on wood waste management
systems. LCA has been rapidly adopted in various systems and
waste management systems as a decision support tool (e.g., Bais-
Moleman et al., 2017; Morris, 2016; Mercante et al., 2012). Ac-
cording to ISO (2006b), there are fourmain steps included in an LCA
study, including (1) defining goal and scope of the study, (2)
developing life cycle inventory, (3) assessing environmental im-
pacts, and (4) interpreting the results.

Abbreviation

AWC American Wood Council
CBP Cement-bonded particleboard
CLCD Chinese Life Cycle Database
CLP China Light and Power
ESF Energy saving factor
GHGs Greenhouse gases
GHGSF GHGs saving factor
GWP Global warming potential
HKEPD Hong Kong Environment Protection Department
ISO International Organization for Standardization
Kg Kilogram
Km Kilometer

kWh Kilowatt-hour
LCA Life cycle assessment
LCI Life cycle inventory
MJ Megajoule
MPa Megapascals
OPC Ordinary Portland cement
PB Particleboard
R Recycled wood
TRADA Timber Research and Development Association
TWP Total amount of wood pellets
TWW Total amount of wood waste
UF Urea formaldehyde
Uf Unit fuel
V Virgin wood
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