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Increasing forest carbon sequestration serves as an important strategic choice for
the Chinese government to combat climate change and mitigate the pressures from
emission reductions measures. A number of strategies for increasing forest carbon
sequestration, such as afforestation, reforestation, deforestation reduction and the
promotion of sustainable forest management, are reflected in relevant political and
legal frameworks designed to combat climate change demonstrating great potential
in reducing emissions and noticeable cost advantages. However, globally, the focus
when assessing the contribution to forest carbon sequestration has always been on
the biomass and soil carbon stocks of forest ecosystems, 1gnoring the immense forest
product carbon pool generated from carbon transfers and storage after the logging of
forests. The forest product carbon pool, one of the three major forest carbon pools,
contributes tremendously to the mitigation of carbon emissions. At the 17th United
Nations Framework Convention on Climate Change Conference of the Parties held
in Durban, South Africa, in 2011, all countries unanimously agreed to include forest
product carbon stocks in the realm of forest carbon emission reductions.

Bamboos, a plant subfamily (Bambusoideae) in the family Poaceae, are
widely distributed throughout Asia, South America and Africa. Globally, there are
approximately 150 bamboo genera and 1225 bamboo species. Bamboo forests,
comprising an area of 22 million ha, are the second largest forest resources in the

world. Geographically located in the middle of the world’s distribution of bamboo

species, China has abundant bamboo resources, which are primarily distributed in 15
provinces and regions, including Zhejiang, Fujian and Jiangxi etc. China accounts for
approximately 40% of the global bamboo species and 20% of the bamboo forest area.
In addition, China has the largest bamboo forest resources and highest bamboo product
yield in the world. According to the results of the Eighth National Forest Inventory,
China’s bamboo forest area totaled 6.01 million ha and the bamboo industry in China
had a total output value of 184.5 billion Chinese yuan in 2014. The bamboo industry,

currently one of the ten major leading forest industries, the development of which was
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prioritized during China’s 13th Five-Year Plan period, serves as a primary source of
income for rural families.

Research has shown that bamboo forest ecosystems have highly efficient
carbon sequestration capacity; in addition, a bamboo forest, once established, can
also be subjected to selective logging every other year. Given improved techniques
for processing and using bamboo, the types of bamboo products are increasingly
more diverse and the trend of replacing wood with bamboo 1s progressively more
pronounced. As a result, the focus of bamboo forest carbon sequestration continuously
shifts to the creation of bamboo product carbon pools, which are important carbon
pools that should not be overlooked. In addition, low-carbon product certification is
also gaining momentum. Accordingly, the carbon footprint and low-carbon levels
of bamboo products that store carbon need to be promptly determined. Therefore,
systematic research on the carbon transfer and carbon footprint of bamboo products
is of great importance to further develop scientific assessments of the carbon
sequestration function of bamboo forests throughout their entire life cycle, to advance
research on the techniques for increasing product carbon stocks and reducing product
carbon footprints, to achieve the Chinese government’s goal of increasing forest
carbon sequestration and to strengthen the capacity of companies to combat carbon
tariff trade barriers and increase the competitiveness of their bamboo products.

Since 2001, the team at Zhejiang A & F University responsible for innovating
forest carbon sequestration and calculation and measurement technologies has been
studying bamboo forest carbon sequestration, primarily focusing on two areas—the
biomass carbon and soil carbon of bamboo forest ecosystems. To comprehensively
assess the carbon sequestration function of a bamboo forest during its full life cycle,
it 1s necessary to understand the characteristics and patterns of the carbon stock and
carbon footprint of harvested bamboo products. During eight years of concentrated
research, we conducted field surveys on more than 100 bamboo product manufacturing
companies in four Chinese provinces (Zhejiang, Fujian, Jiangxi and Sichuan),
selecting more than 1000 harvested Moso bamboo plants with a diameter at breast
height (DBH) distributed in the range of 6-16 cm for analysis, and investigated five
representative bamboo products (laminated bamboo boards, reconstituted bamboo
boards, sliced bamboo veneers, flattened bamboo boards and drawn bamboo threads)
and three representative production techniques (lamination, reconstitution and
flattening). In addition, from the micro-level, we also surveyed all the companies’

bamboo product manufacturing processes, calculated and measured the carbon
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transfer ratio of each production process, and studied the effect of different DBHs and
production techniques on the carbon transfer ratio obtained when producing bamboo
products as well as the bamboo product carbon stock. Based on the aforementioned
investigations, we eventually selected nine types of final bamboo products belonging
to five categories (flattened green-barked bamboo flooring boards, flattened bamboo
cutting boards (two specifications), reconstituted bamboo flooring boards (outdoor and
indoor), sliced bamboo veneers and drawn bamboo thread products (bamboo curtains,
bamboo mats and bamboo carpets) to study bamboo product carbon footprints and the
factors affecting them. We achieved the following developments.

First, we resolved the difficulty in simultaneously ensuring adequate scale and
accuracy when calculating and measuring bamboo product carbon transfer and
carbon stocks by using a new research method. At the micro-level, by surveying the
bamboo product manufacturing processes, we analyzed the carbon transfer pattern and
characteristics involved in producing bamboo products and constructed a carbon stock
calculation and measurement model, thereby achieving a combination of macro- and
micro-scale methods and thus solving the technical difficulty in measuring the carbon-
related parameters of bamboo products.

Second, considering that the DBH and wall thickness of a Moso bamboo plant vary

between different sections of the plant and a Moso bamboo plant is thus first divided
into different sections prior to use, we first divided a bamboo plant into different
sections and then combined the carbon transfer ratios obtained when producing
bamboo products using each of the bamboo sections to obtain the carbon transfer
ratio of the entire plant, thereby revealing the carbon transfer pattern when producing
bamboo products. In addition, we also established a model for determining the carbon
transfer ratio and carbon stock of entire bamboo plants with different DBHs, thereby
providing a theoretical basis for rapidly and accurately estimating the amount of
carbon transferred from harvested Moso bamboo plants with different DBHs. The
proposed model, combined with the Weibull distribution probability model of the DBH
of Moso bamboo plants, can be used to accurately calculate and measure the amount
of carbon transferred from harvested Moso bamboo plants to bamboo products in any
arca on any scale, thereby solving the scientific problem of determining the amount of
carbon sequestrated by bamboo products.

Third, we systematically studied the carbon transfer ratio obtained when producing
the chief bamboo products (bamboo board products, drawn bamboo thread products

and sliced bamboo veneers) using the predominate bamboo product production
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techniques (lamination, reconstitution, flattening and drawing) currently practiced in
China. We also established carbon transfer ratio and carbon stock models for different
product types produced using different production techniques, thereby providing
a scientific method for accurately and ubiquitously estimating the carbon stock of
different types of bamboo products and solving the scientific problem of determining
the carbon sequestration pathway of bamboo products.

Fourth, based on the business-to-business (B2B) life cycle of bamboo products,
we surveyed the entire manufacturing process of nine types of bamboo products and
systematically measured the carbon emissions generated during each production
process. Based on the carbon stock data, we scientifically measured and calculated
product carbon footprints and, for the first time, accurately assessed the low-carbon
level of bamboo products, thereby providing a basis for determining the low-
carbon attributes of bamboo products. In addition, we also analyzed the potential of
reducing the carbon emissions generated during the production of bamboo products
and proposed strategies for reducing bamboo product carbon footprints, providing
companies with a scientific method and basis for reducing carbon emissions and
combating carbon trade barriers, thereby solving the scientific problem of determining
the contribution of bamboo products to carbon sequestration.

Based on the aforementioned research results, we have developed this book,
entitled A Study on Bamboo Product Carbon Stocks and Carbon Footprints, which
introduces to the reader the carbon transfer trajectory and carbon stock of harvested
Moso bamboo plants, as well as the low-carbon level of Moso bamboo products, from
a novel perspective and improves the scientific assessment of the carbon sequestration
function of bamboo forests during their complete life cycle. In addition, this book also
provides technical support for the Methodology for Carbon Sequestration through
Bamboo Afforestation and the Methodology for Carbon Sequestration through
forest Management in the areas of calculating and measuring the amount of carbon
transferred from and the carbon stock of harvested bamboo forests.

This book has two parts and 16 chapters. The research contents and conclusions of
each part and chapter are as follows:

Part 1, consisting of eight chapters, discusses bamboo product carbon stocks.

Chapter 1 systematically organizes and analyzes the background, current situation
and future trend of worldwide research on bamboo product carbon stocks, as well as

discusses the methods and contents of current worldwide research on bamboo product
carbon stocks.
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Chapter 2 discusses the 1deas, contents and methods of research on bamboo
product carbon stocks, proposes a method for calculating and measuring the carbon
transfer ratio of each bamboo product manufacturing process by following all the
production processes at the micro-level of companies, and details our investigation
of the effect of different DBHs and production techniques on the carbon transfer ratio
obtained when producing bamboo products and the bamboo product carbon stock.

Chapters 3—6 calculate and measure the carbon transfer ratio of entire Moso
bamboo plants when used to produce bamboo products using different production
techniques (lamination, reconstitution and flattening) and the carbon stock of different
types of bamboo boards based on how Moso bamboo plants are used (a Moso bamboo
plant 1s divided into different sections prior to use) and establish carbon stock models
for bamboo boards produced from bamboo plants with different DBHs using different
production techniques. The carbon transfer ratio is the highest when producing
flattened Moso bamboo boards from Moso bamboo plants, followed by reconstituted
Moso bamboo boards and sliced Moso bamboo veneers. In addition, flattened Moso
bamboo boards also have the highest carbon stock, followed by reconstituted Moso
bamboo boards and sliced Moso bamboo veneers.

Chapter 7 investigates the carbon transfer ratio obtained when producing drawn
bamboo threads from the suitable sections of Moso bamboo plants (wall thickness:
5-9 mm) as well as the carbon stock of drawn bamboo thread products. Drawn bamboo
threads are eventually processed into bundle-like materials such as bamboo mat

threads, bamboo curtain threads and bamboo chopstick rods. Based on calculations and

measurements, the mean combined carbon transfer ratio is 32.51% when producing
drawn bamboo threads.

Chapter 8 comparatively analyzes and systematically organizes the carbon transfer
ratios obtained when producing the aforementioned five types of bamboo products
using three production techniques and the carbon stock of these bamboo products,
as well as provides suggestions on how to increase bamboo product carbon stocks
through bamboo forest cultivation, production techniques, processes, the use of entire
bamboo plants and bamboo scrap recycling.

Part 2, consisting of Chapters 9—16, details the research on bamboo product carbon
footprints.

Chapter 9 systematically organizes and analyzes the background, current situation
and future trend of worldwide research on carbon footprints and discusses the current

methods and contents of worldwide research on carbon footprints.
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Chapter 10 discusses the ideas, contents and methods of research on bamboo

MH=RHEE
S5i RIS

product carbon footprints and systematically calculates the carbon footprint of the
main durable bamboo products manufactured using different production techniques
based on the results of the carbon stock and service life of bamboo products obtained
in Part 1 using the British Standards Institution’s Product Carbon Footprint Assessment
Standard (PAS2050: 2008).

Chapters 11-15 assess the carbon footprint of nine types of final bamboo products
belonging to five different categories. The selected bamboo products are produced
using three primary production techniques that are currently used to produce bamboo
products, namely, lamination, reconstitution and flattening. Carbon dioxide emissions
generated during the B2B life cycle of bamboo products are accurately calculated
by measuring the primary activity level data of all the emission sources involved in
each step of manufacturing different bamboo products (from the raw materials to
the warehousing of the final products), with a focus on measuring the data of major
emission sources involved during the product processing and transportation processes,
as well as the data of emissions embodied in-the additives, based on carbon emission
factor data and global warming potential. In addition, bamboo product carbon
footprints (net emissions) are also accurately assessed based on their carbon stock
and service life, and the composition of the carbon footprint of each type of bamboo
products i1s further analyzed. The following conclusions are obtained based on the
calculations and measurements: (1 In terms of the composition of the carbon footprint
of each type of bamboo product, carbon emissions are primarily generated from three
main types of sources: fossil energy sources during the transportation process,
power sources during the processing process and additives (in which carbon emissions
are embodied). Of the three main types of emission sources, carbon emissions from
power sources during the processing process account for the majority of all carbon
emissions. (2) The carbon stock stored in each of the nine types of bamboo products
per m' is primarily affected by the amount of carbon transferred when manufacturing
the product and the service life of the product. Reconstituted bamboo flooring boards
(for outdoor applications) have the highest carbon stock per m’, and flattened bamboo
cutting boards (specification 2) have the lowest carbon stock per m’. @) In terms of
the final carbon footprint per m’ of the nine types of bamboo products, based on the
aforementioned carbon emission and carbon stock data, flattened green-barked bamboo
flooring boards have the smallest carbon footprint and sliced bamboo veneers have the
largest carbon footprint.
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Chapter 16 summarizes the uncertainty factors existing in the assessment of
the carbon footprint of the nine types of bamboo products; analyzes the potential
of reducing carbon emissions in five areas that affect product carbon emissions and
carbon footprints based on the life cycle assessment method, the input—output analysis
method and the analytic hierarchy process; and, lastly, proposes suggestions on how
to reduce the carbon footprint via two different approaches, direct and indirect carbon
emission reduction approaches.

During our research, we received strong support from a number of enterprises and
institutions, including Zhejiang Dasso Industrial Group Co., Ltd. and 1ts subsidiary
companies in Fuchang and Jianyang, Fujian Province and Zixi, Jiangxi Province,
Anji County Forestry Bureau of Zhejiang Province, Lin’an City Forestry Bureau of
Zhejiang Province, Longquan City Forestry Bureau of Zhejiang Province, Qingyuan
County Forestry Bureau of Zhejiang Province, Suichang County Forestry Bureau of
Zhejiang Province, Changning County Forestry Bureau of Sichuan Province, Qingshen
Country Forestry Bureau of Sichuan Province and the bamboo product manufacturers
in Qingshen County, Sichuan Province. We wish to thank Prof. Zhou Yufeng, Prof.
Shi Yongjun, Prof. Zheng Guoquan, Prof. Liu Enbin, Prof. Li Cuiqin and Prof. Xu
Xiaojun from Zhejiang A & F University for their participation in the design and
implementation of the research plan and graduate students Chen Yanyan, Mao Fangjie,
Yu Shuhong, Ji Luping, Peng Weiliang, Zhou Pengfei, Li Xiang and L1 Chong for their
extensive work in field investigation, data analysis and manuscript, chart and figure
preparation.

This book is the first publication that systematically elucidates the calculation and
measurement of bamboo product carbon stocks and footprints published in China. The
scientific research methods and novel research results detailed in this book can provide
an important reference for research on the carbon stocks and footprints of other
types of wood products. Because of our limited capacity, we may have overlooked
some important information and made errors and omissions in this book. Hence, we

earnestly welcome your criticism and correction.

The authors
June 2016
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