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Abstract Biomass production has developed significantly in the latest decades to
meet the growing needs of the bioeconomy sector. This trend is expected to con-
tinue in the near future to substitute dwindling fossil resources. Concerns were
recently raised on the consequences of expanding feedstock production on land use
worldwide, prompting a surge in scientific publications. These consequences may
be analysed through a three-step causal chain relating drivers of feedstock produc-
tion, changes in land use (LUC), and environmental impacts. Among these, atmo-
spheric pollution or human health impacts, as related to LUC, are rarely evaluated
although they are a prime concern for environmental policies and the sustainability
of the bioeconomy.

Here, we reviewed current research on the LUC-mediated effects of biomass
development on air quality and human health through a systematic survey of litera-
ture from 1975 to 2015. Only 17 articles addressing air quality and 9 papers address-
ing human health were retrieved. Most were published after 2014, implying that
these topics only emerged recently. Most studies focused on liquid biofuels (1* and
2m generation), although bio-materials and bio-electricity were also represented.
These studies covered several geographical areas, with an emphasis on Europe and
South America. Given the small size of our sample and the diversity of contexts it
addressed, it is difficult to evidence clear-cut trends on the impacts of substituting
fossil resources with biomass on human health and air quality.. Overall, the benefits
of this substitution appeared mixed and dependent on the type of end-product con-
sidered. First-generation biofuels were out-performed by their second-generation
counterparts, but this trend relies on a low number of references. Life-cycle assess-
ment was the predominant method used to estimate the impacts of biomass develop-
ment on human health or air pollution. This emerging field warrants further efforts
toward more thorough assessments of LUC effects.
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7.1 Introduction

Biomass production has developed significantly in the latest decades to meet the
growing needs of the bioeconomy sector (whether for bioenergy, biomaterials, or
bio-based chemicals), and this trend is expected to continue in the near future to
substitute dwindling fossil resources (Chum et al. 2011). Concerns were recently
raised around the consequences of land-use changes (LUC) incurred when expand-
ing feedstock production (e.g., Searchinger et al. 2008), and prompted a surge in
scientific publications over the past 10 years (see Réchauchere et al., General
Introduction, this volume). Attributing LUC to biomass production requires the
elicitation of mechanisms explaining the relationship between feedstock produc-
tion, changes in land use or land management, and their impacts on the environ-
ment. These relationships may be analysed as a three-step causal chain: drivers of
feedstock production, LUC occurring in response to this production — whether
direct or indirect, and environmental impacts involving various dimensions, such as
greenhouse gas (GHG) emissions, biodiversity, water resources, soil quality, or
human health.

Although the effects of LUC on the GHG balance of biofuels have been exten-
sively documented in the literature (see eg, Broch et al. 2013; Berndes et al. 2013;
Bamiere and Bellassen, Chap. 6, this volume), the impacts on atmospheric pollution
or human health — as mediated by LUC —is rarely reported. A recent review of “meta-
studies” carried out in the context of “land-use science” (van Vliet et al. 2016) fails
to mention these issues, implying they have been little researched in this context,
whereas impacts on air quality are clearly high on the environmental policy agenda
in general (Molina and Molina 2004). Reducing “the number of deaths and illnesses
from hazardous chemicals and air, water and soil pollution and contamination” is one
of the targets mentioned by the Sustainable Development Goals put forward by the
United Nations in 2015. Air pollution and human health are also important issues for
bio-based products, concerns having been raised on the actual benefits of substituting
fossil fuels with biofuels (Chum et al. 2011). For instance, bio-ethanol blends were
shown to increase ozone concentrations the troposphere under low temperatures, and
thus adversely impact human health compared to pure gasoline in the US (Ginnebaugh
et al. 2010). Most of these studies ignore LUC effects associated with feedstock
production, although changes in land use or management are likely to affect emis-
sions of primary air pollutants such as nitric oxide or ammonia (Bouwman et al.
2002), toxic contaminants such as pesticides (Foley et al. 2005), or black carbon
emissions from slash-and-burn when converting forests.

Here, we set out to review scientific articles dealing with the relationships
between bio-based products, LUC, and their impacts on atmospheric pollution and
human health, since both impacts are connected and often jointly addressed. The
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objective was to assess the current extent and foci of such research, regarding bio-
mass feedstocks, its end-uses, and categories of LUC analysed, and to examine
possible trends in the outcomes of these studies. In particular, a key question
regarded the effect of including LUC on the conclusion of the assessments of sub-
stituting fossil-based products with bio-based equivalents. This overview also aimed
at highlighting possible gaps with current research, and potential improvement
routes in terms of methodology.

7.2 Literature Survey

In a first step, we surveyed the scientific literature on LUC (whatever the driving
factor) between 1975 and February 2015, and retrieved a body of 5730 articles from
two databases relevant to this topic (Web of Science and CAB). All references
included keywords related to land-use changes, but another constraint was that ref-
erences should cover the three steps of the following causal chain: driving factors —
land-use changes — environmental impacts. They were selected so as to a mention
at least one bio-based end-product, one type of biomass feedstock, and one category
of environmental impacts — including atmospheric pollution and human health.

An automated textual analysis of the papers’ abstracts, titles and keywords evi-
denced a series of themes structuring this set of references (El Akkari et al., Chap.
2, this volume), and the subset of papers studying the environmental impacts of
biomass/bioenergy through LUC effects was selected. It was further screened man-
ually by a dozen of experts in the fields covered by this literature (economics, ecol-
ogy, agronomy, forestry, sustainability assessment), and winnowed down to 241
references covering all impact categories. The references pertaining to including
atmospheric pollution and human health totalled 17 and 9, respectively, making up
less 8% and 5% of the overall body of references on LUC mediated impacts. There
was an overlap between the two impact categories, with six articles dealing with
both. Thus the total number of articles analysed in the following sections was 20.

All the articles were published after 2008, which was a turning point in LUC-
related research (Réchauchere et al., General Introduction, this volume). Most
papers (13 out of 20) were published in 2014 and 2015 (the latest year surveyed),
implying this topic is still in its infancy. All studies involved several scenarios in
terms of feedstocks, end-uses and LUC. One article investigated about a hundred of
them, corresponding to 20 different possible LUC scenarios in the US (Daystar
et al. 2014).

7.3 Feedstock Types and End-Uses Assessed

Arable crops dominated in terms of feedstock types (Fig. 7.1), with first-generation
(1G) biofuels as main application, followed by bio-plastics. Lignocellulosic crops
came second, with perennial herbaceous species as well as woody ones, in the form
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Fig. 7.1 Breakdown of feedstock types assessed in the literature surveyed (right), and end-uses
(left). SRC short rotation coppice (poplar, willow, eucalyptus)

of short rotation coppice (SRC). Miscanthus, switchgrass, and poplar SRC were the
most frequent feedstocks investigated, with a range of end-uses: combined heat and
power, bio-plastics, or 2G biofuels. Liquid biofuels dominated in terms of end-uses,
with a 45% share overall (Fig. 7.1). Oil palm was assessed in three articles, in the
context of 1G biofuels, but also delivering heat and electricity co-products via the
anaerobic digestion of palm oil meal effluent. Four studies involved agricultural
residues. This was unexpected since residue extraction from agricultural land does
not require additional land for production, in principle, and is thus generally consid-
ered neutral in terms of LUC. However, these articles tackled the impact of residue
removal on soil quality, as opposed to being returned to the soil (eg, Clark et al.
2013), and also compared this feedstock with dedicated biomass plants. One article
combined the conversion of an oil crop (Brassica camelina) to bio-diesel, with the
use of its co-products (straw and cake) to produce chemicals, following a biorefin-
ery approach (Fiorentino et al. 2014). Most studies compared bio-based products
and fossil-based equivalents, but some (2/20) simply focused on the effects of estab-
lishing biomass plantations on unproductive land (eg marginal soils).

Europe was the most frequent continent for biomass expansion (40% of the arti-
cles), followed by South America (30%) and North America (20%). Most studies
were done at national scale, with regional differentiations for about a third of them.

7.4 Categories of Land-Use Changes Analysed

A total of 38 scenarios of LUC were reported by the experts who analysed the 20
articles selected in this review. Seven of those were seemingly neutral (e.g., crop-
land to cropland), and were zeroed by convention in the corresponding matrix
(Table 7.1) to focus on more radical shifts such as forest to cropland. This leads to a
total of 31 LUC scenarios overall. These involved mostly the conversion of cropland
or grassland to perennial biomass plants (14 scenarios out of a total of 31), and the
conversion of cropland to grassland, or vice-versa (10 scenarios). Conversion to
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Table 7.1 Matrix of direct land-use changes reported in the 20 articles reviewed

To from Forest Cropland Perennial crop Grassland Wetland
Forest - 3 4 0 0
Cropland 1 - 7 6 0
Perennial crop 0 0 - 0 0
Grassland 1 4 7 - 0
Wetland 0 0 1 0 -

forest was only mentioned twice, while wetlands were affected only once. Only 14
scenarios (out of 31) reported indirect LUC as such in the articles. These mostly
pertained to the conversion of forests into cropland, grassland or perennial crops (8
scenarios), and that of grassland (4 scenarios; not shown here). Besides LUC, some
changes in land management practices were also reported: intensification and exten-
sification of cropland were mentioned once each, and the conversion to organic
farming was mentioned in a fourth of the articles. This emphasizes the importance
of this potential shift in terms of environmental impact mitigation, despite its low
acreage overall (only 5% of the Uttilizable Agricultural Area was organic in 2010 in
Europe; Bellora and Bureau (2013). Note that the impacts of shifting to organic
production in terms of land use per se, due to the lower yields itentails in general
(Seufert et al. 2012) was beyond the scope of these articles, although this may gen-
erate significant LUC effects (see Bellora and Bureau 2013).

In terms of methodology to assess LUC in response to increasing biomass
demand, simple methods such as ‘basic calculations’ dominated, along with the
absence of an identifiable methods in a quarter of the articles. Economic models,
which are one the major options to assess LUC (Gabrielle et al., Chap. 3, this vol-
ume) were only used in one article (or 5% of the studies), while bio-physical models
were mentioned in only 3 articles.

7.5 Air Pollution, Biomass and LUC: Mixed Outcomes
and an Overwhelming Effect of End-Product Types
and System Boundaries

Life-cycle assessment (LCA) was the single most used method to assess impacts on
air pollution, with an occurrence of 85%. Air pollution was actually reduced to so-
called the photo-chemical ozone creation potential (POCP), a commonly-used mid-
point impact of LCA. It was calculated with characterization methods such as CML,
Impact2002+, and EDIP (see Dreyer et al. 2003) for a comparison of these meth-
ods). In the other cases, either no particular methodology was reported, or a simple
calculation. LCA was often combined with biophysical models to simulate crop
yields and/or emissions of air pollutants, such as nitrogen oxides. Chemistry-
transport models, which are heavily used in the investigation and prediction of air


https://doi.org/10.1007/978-3-319-96289-4_3

188 B. Gabrielle

Table 7.2 Contingency table of the impact of developing biomass on air pollution, depending on
the type of end-product generated

Impact on air quality

End-product Counter-factual Positive | Negative | Neutral | Variable | Total
1G biofuel Fossil fuel 1 2 1 5 9
2G biofuel Fossil fuel 4 0 1 2 7
Heat Fossil fuel 2 1 0 1 4
Electricity Fossil fuel 4 3 0 0 7
Bio-plastic Petro-chemical plastic 4 2 0 0 6
Development of | Marginal land; current 0 1 0 1 2
biomass crops electricity mix and cropland

Total 15 9 2 9 35

The total number of cases exceeds the number of articles because the latter consider more than one
end-product

pollution were never mentioned, although they have been used in combination with
LCA in the past (Labouze et al. 2004). Only 2 papers out of 17 included information
on the accuracy of impact estimates.

The outcomes of biomass development were highly variable overall: 7 articles
concluded to a decline in air pollution, 5 to an increase, and 5 to a variable effect.
The outcomes depended on the type of end-product considered (Table 7.2), but also
on the types of comparison pursued by the studies. While most of them focused on
the substitution of fossil-based products by bio-based equivalent, two compared
agricultural biomass and forest feedstocks. One of them concluded to the superior-
ity of forest resources over their agricultural counterparts for the supply of lignocel-
lulose. Another examined the interest of replacing imported palm oil by
locally-sourced agricultural products in Canada, and showed import substitutes to
be less detrimental to air quality.

In terms of end-products, 2G biofuels and bio-plastics were generally associated
with a decrease in air pollution compared to fossil fuels (Table 7.2), while the impact
of 1G biofuels was mostly variable. Electricity from biomass generated mixed
results, with 4 cases increasing air pollution and 3 cases producing the opposite
result. While electricity from biomass is generally ascribed a detrimental impact on
air quality because of particle emissions when burning the feedstock (Chum et al.
2011), some cases in our sample involved biogas generation from the co-products
of 1G palm oil-based biofuels. Power generation from biogas is less prone to these
emissions, and may out-perform electricity generated by the combustion of fossil
resources in terms of air pollution (Poeschl et al. 2012).

Two studies lead to conflicting outcomes regarding the substitution of petroleum-
based material with bio-plastics (Alvarenga et al. 2013; Liptow and Tillman 2012),
although based on the same case study (plastic manufacturing from ethanol pro-
duced from the sugar cane in Brazil), and the same category of LUC (grassland
converted to sugar cane for the direct part, conversion of Amazonian forests or
savannas to grassland or cropland for the indirect effects). Since none of the studies
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accounted for air pollutants emissions in relation to indirect LUC, the major differ-
ence between them lies in the transport of bio-plastic, which is consumed in Europe
in the article concluding to the superiority of fossil-based plastic (Liptow and
Tillman 2012). The authors also compared the attributional and consequential
approaches for the LCA — the second being more favourable to bio-plastics than the
first, due to an emission credit granted by the generation of electricity at the end of
life of bio-plastics (in Europe).

7.6 Human Health Impacts: Scant Data and Exposure
Pathways

Only 9 articles dealt with the impacts of bio-based products of human health, with
6 of them being also part of the above-described set of references on air pollution.
Thus, there are strong similarities with the latter set in terms of methodologies:
LCA was predominant again, being present in all the articles but one (Larsen et al.
2014), which involved a qualitative survey of stakeholders impacted by the develop-
ment of the oil palm mill in a region of Indonesia. On the other hand, half of the
studies involved uncertainty analyses, which were thus more frequent than with the
air pollution theme. In terms of scope, most of these studies compared bio-based
products (whether liquid fuels, electricity, chemicals or bio-materials) with fossil
equivalents. Two exceptions involved the cultivation of camelina, an oil crop, on
contaminated soils (Fiorentino et al. 2014), and the development of oil palm in
Indonesia (Larsen et al. 2014). It is important to single out these two studies in the
analysis of the outcomes since they involve different system boundaries and scope.

Out of the 7 studies comparing fossil and bio-based products, two concluded that
the substitution by biomass lead to an improvement in human health, two to detri-
mental effects, one to neutrality, and two to variable effects. The breakdown was
similar regardless of the end-product considered (Table 7.3), with only 2G biofuels
presenting an absence of adverse effects, although it is hard to conclude based on
only 20 end-product cases overall. There are currently very few literature reviews
on the health impacts of bio-based products available. An early article focusing on
1G bioethanol concluded that results on human toxicity “were more often unfavour-
able than favourable” to this biofuel (von Blottnitz and Curran 2007), due to emis-
sions occurring during the feedstock cultivation and harvesting phases. These
studies did not factor in LUC effects, but revealed a similar pattern to that observed
here. A more recent review encompassing lignocellulosic biofuels concluded that
reliance on herbaceous feedstocks resulted in higher impacts on human health com-
pared to fossil fuels, but that wood or flax shives (an agricultural co-product) had
positive effects (Borrion et al. 2012). The way LUC was handled in these studies is
not clear from the review, which suggests that variations in LCA outcomes across
studies mostly depended on allocation methods (for co-products) and system bound-
aries. Another study mentioned in this review concluded that bio-materials always
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Table 7.3 Contingency table of the impact of developing biomass on human health, depending on
the type of end-product generated

Impact on human health
End-product Counter-factual Positive | Negative | Neutral | Variable | Total
1G biofuel Fossil fuel 1 3 0 1 5
2G biofuel Fossil fuel 0 0 1 2
Heat Fossil fuel 2 0 0 0 2
Electricity Fossil fuel 2 1 1 1 5
Bio-plastic Petro-chemical 2 1 0 1 4
plastic

Development of Current land use 0 1 0 0 1
biomass crops

Total 8 6 1 4 19

The total number of cases exceeds the number of articles because the latter consider more than one
end-product

had lower impacts on human health than their petrochemical counterpart, which
was not so clear-cut here.

As could be expected, the two studies examining the expansion of biomass pro-
duction per se pointed to a detrimental effect on human health, due to increased
pressure on otherwise unmanaged land. In the absence of a counterfactual scenario
for delivering the service provided by biomass, the value of such results is hard to
fathom in practice, other than pointing out at the need to carefully select the land on
which bioenergy crops should be established, and to prevent detrimental effects as
much as possible by an appropriate management of the plantations.

7.7 Conclusion

The impacts of bio-based products on air quality and human health, as mediated by
land-use changes are rarely addressed, and represented less than 10% of the body of
references addressing the full drivers to impacts chain of biomass development ana-
lysed in a recent review (Réchauchere et al., Chap. 1, this volume). Still, the 20
articles retrieved in this article covered a significant range of feedstock types, end-
uses, and geographical regions. Liquid biofuels were predominant, but other end-
uses such as bio-plastics or electricity were also represented. As a result, arable
crops and dedicated lignocellulosic species (perennial grasses and short rotation
coppice) were the most frequent feedstocks analysed. Environmental impacts were
almost exclusively evaluated by means of life-cycle assessment (or its variant, life-
cycle impact assessment), which does not reflect the diversity of assessment meth-
ods used to investigate either atmospheric pollution or human health impacts
(Steinemann 2000).

Given the small size of our sample and the diversity of contexts it addressed, it is
difficult to evidence clear-cut trends. Overall, the benefits of substituting fossil
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resources with biomass appeared mixed. Despite the fact that only one assessment
method was used, which could lead to some degree of bias, it is also clear that the
reliability of these estimates is rather low and uncertain, given that this framework
is ill-equiped to address air pollution or human health (Hauschild et al. 2008; Bessou
et al. 2011). Relying on more commonly-used methods to deal with atmospheric
pollution or human toxicity impacts, such as air pollution modeling and epidemiol-
ogy (Schwartz et al. 2017), or environmental impact assessment (Steinemann 2000),
respectively, would be relevant to complement LCA and provide benchmarks.
Effects related to indirect LUC — ie occurring outside of the region where the bio-
mass was produced are also difficult to deal with, leading some of the experts who
reviewed these articles to question the robustness of their conclusions. This emerg-
ing field warrants further efforts toward sounder methodologies and more thorough
assessments of LUC effects.
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