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a b s t r a c t

This study explores the relationship between different biofuel production systems, the

context in which they operate, and the extent to which various types of frameworks and

schemes are able to monitor and promote their sustainability. The paper refers to the

European Union Renewable Energy Directive and two international certification schemes

(Roundtable on Sustainable Biofuels and NTA 8080/81) that can provide a ‘licence to sell’

biofuels on the EU market, and to the Mozambican policy framework for sustainable bio-

fuels that provides a ‘licence to produce’ biomass for biofuels in Mozambique. Food se-

curity is used as a case study, and the food security impacts of two agro-industrial and two

smallholder biofuel projects in Mozambique are described and analysed. The sustainability

frameworks and schemes used in this study are able to address some, but not all, of the

heterogeneity between and within different biofuel production systems. The emphasis is

on monitoring agro-industrial projects while smallholder projects tend to slip through the

net even when their negative impacts are evident. We conclude that globally applicable

sustainability principles are useful, however, they should be operationalised at local or

production system levels. This approach will support balancing between global frame-

works and local heterogeneity.
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1. Introduction

Biofuels are high on the global political agenda and many

governments are exploring the production, processing, trade

and use of biofuels. Objectives for promoting biofuels vary

across political levels and geographies. Several sub-Saharan

African countries have developed biofuel policies that gener-

ally aim at establishing the agro-industrial biofuel sector, as

well as supporting smallholder- or community-based biofuel

production and use. The main goal for the majority of sub-

Saharan African countries is to develop a biofuel sector that

can reduce fossil fuel imports, generate employment and in-

crease revenues from biofuel exports to stimulate economic

development [1]. With respect to smallholder- or community-

based biofuel production and use, objectives are mainly

geared towards fulfilling rural (renewable) energy demands

and generating income [2].

Following the initial ‘biofuel hype’ e triggered by the po-

tential of biofuels to reduce greenhouse gas (GHG) emissions,

and enhance energy security and economic development e

concerns about the negative impacts of biofuel production

emerged [3,4]. Examples of negative impacts are large scale

acquisition of agricultural land (also referred to as ‘land

grabbing’), direct and indirect land use changes, expansion of

biomass for biofuel production into conservation or high-

biodiverse areas, and competition with food production [5].

To limit the potential negative impacts of biofuel production,

several individual countries and supranational bodies devel-

oped sustainability frameworks or certification schemes for

international biofuel production, processing, trade and use

[e.g. [6]]. Demonstrating compliancewith such a framework or

scheme can provide a biofuel operator with (1) a ‘licence to

produce’ required for the approval of the biofuel investment

proposal and the allocation of land titles for biofuel produc-

tion, or with (2) a ‘licence to sell’ necessary for accessing a

specific biofuel market, for example the EU [7,8].

In recent debates in biofuel policy literature, several au-

thors have claimed that the harmonisation of biofuel sus-

tainability frameworks and certification schemes is urgently

needed to avoid trade distortions and barriers that can

exclude developing countries from the global biofuel market

[9,10]. Others have argued that having one global biofuel

sustainability framework is the only way to control the

negative effects of biofuel production and avoid the risk that

sustainability frameworks are interpreted and applied differ-

ently across different localities [5]. Although several studies

have challenged the feasibility of global frameworks for bio-

fuel sustainability in terms of their compatibility with existing

World Trade Organisation rules and principles [e.g. [6,11]], we

question their effectiveness for two other reasons. First, we

doubt the extent to which global schemes are able to respect

and deal with the complex dynamics between biophysical,

technological, social-cultural, economic, institutional and

political factors that are unique to administrative regions,

agro-ecological zones, cultures and economies [12]. Second,

the prominent role of agriculture in biofuel production makes

biofuel policies fundamentally different from other (renew-

able) energy policies [13]. Consequently, we believe that

different types of biofuel production systems (e.g. agro-

industrial- or smallholder-based) require different ap-

proaches to promote and monitor their sustainability.

Although some authors have raised similar questions [e.g.

[2,3]], conceptual debate and empirical data in literature

remain scarce.

The objective of this paper is to critically reflect on the

extent to which global frameworks and schemes and their

generalized criteria are able to monitor and promote the

sustainability of heterogeneous biofuel production systems in

relation to the context in which these are embedded.

To achieve this objective we draw on the impact of various

biofuel projects on food security in Mozambique as a case

study.

2. Concepts, research approach andmethods

This study is underpinned by our conceptualisation of the

system in which ‘sustainability’ cannot be viewed separately

from its ‘context’. Sustainability refers to the relative progress

of a system in the direction of having an economically viable

and socially acceptable, stable production level while natural

resources in the ecosystem are protected and soil and water

degradation is avoided for the benefit of current and future

generations [14,15]. This ‘relative progress of a system’ is

usually assessed using sustainability indicators that provide

qualitative or quantitative information about system perfor-

mance against sustainability criteria and principles. Context

refers to the interactions between biophysical, technological,

social-cultural, economic, institutional and political factors

and drivers in which the production system is embedded.

We use a descriptive case study approach [e.g. [16]] to

analyse the extent to which various types of sustainability

frameworks and certification schemes are able tomonitor and

promote the sustainability of different biofuel production

systems in Mozambique. The impacts of biofuel projects on

food security provides the case study. We use food security as

an exemplar sustainability principle as it has dominated bio-

fuel policy debates and it is often mobilised as a key concern

for producing biofuels in developing countries such as

Mozambique. Conceptually, food security is also an inter-

esting example because it cannot be easily measured or

monitored. Food security is a global and a local issue and

many processes triggered by biofuel production can impact

food security. For example, monitoring food security could

encompass land use change (both direct and indirect), food

prices and labour allocation [3,17,18]. In this study, the

following definition of food security is used: “[W]hen all peo-

ple, at all times, have physical and economic access to suffi-

cient, safe and nutritious food to meet their dietary needs and

food preferences for an active and healthy life” [19]. Further,

when describing food security issues, we consider the

following dimensions [see: [20]]:

1. Food availability: including availability of land, water, la-

bour, inputs and knowledge for food production, or food

provided by companies/food aid;

2. Food access: including means of obtaining food such as

producing food, purchasing capacity and access to food

markets;
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3. Food utilization: adequate diet, water and sanitation to

reach a state of nutritional well-being, including time spent

on collecting water and fuel to prepare food;

4. Food stability: stable access to adequate food for a popu-

lation, household or individual and resilience to economic

or climatic shocks.

In this paper, the food security impacts of four biofuel

projects are analysed: two agro-industrial biofuel projects

where biomass for biofuels are produced in plantation-based

biofuel production systems (‘agro-industrial biofuel pro-

jects’), and two biofuel projects that focus on biomass for

biofuel production by smallholder farmers and processing of

biofuel feedstock for local use or for local marketing (‘small-

holder biofuel projects’). The four projects were selected such

that agro-industrial and smallholder biofuel projects were

equally represented and that projects from different regions

and contexts were included. The availability of and access to

project data has also played a role in selecting the projects.

Food security requirements of two types of frameworks or

schemes for sustainable biofuels are analysed; one that can

provide a licence to sell and one that can provide a licence to

produce to biofuel operators. The licence to sell that we

analyse is the European Union Renewable Energy Directive

(EU RED e 2009/28/EC) that includes sustainability criteria for

biofuels and bioliquids [21]. As the EU RED does not go beyond

sustainability criteria (i.e. does not include indicators), food

security indicators in two operational certification schemes

that can be used to demonstrate compliance with the EU RED

are studied; a scheme developed by the Roundtable on Sus-

tainable Biofuels (RSB) and NTA 8080/81. The choice for using

these two certification schemes in this study is based on two

reasons: (1) the RSB stands out in terms of its food security

assessment [4], whereas NTA 8080/81 is regarded less strict in

terms of its food security assessment, and (2) theMozambican

government has selected NTA 8080/81 and RSB to fill legisla-

tive gaps related to sustainable biofuels; a choice based on

their perception that these schemes were most advanced and

operational in terms of demonstrating compliance with the

EU RED. The licence to produce that we analyse is the

Mozambican policy framework for sustainable biofuels that

can provide biofuel operators the approval of investment

proposal and land title to produce biofuels in Mozambique,

and that includes criteria and indicators for food security.

The paper draws on nearly four years of research on biofuel

developments inMozambique. The data presented is based on

our primary research experiences and based on the analysis of

secondary data. All biofuel projects analysed in this paper

have been visited, some repeatedly. During the visits, semi-

structured interviews, focus group discussions and question-

naires were used to gather data on e amongst otherse biofuel

project implementation, land and labour allocation and the

impact of biofuel projects on food security (Table 1). Between

December 2008 and July 2012, participatory action research

was conducted to support an inter-ministerial working group

of the Mozambican government in developing the national

policy framework for sustainable biofuels [22]. Analysis of

secondary data such as policy documents, biofuel investment

proposals, project reports, biofuel sustainability frameworks

and biofuel certification schemes provided additional input

for this paper.

The paper is structured as follows. Section 3 describes

criteria and indicators for food security as defined in the EU

RED and in the Mozambican policy framework for sustainable

biofuels. Section 4 describes and analyses the food security

impacts of different types of biofuel production systems in

Mozambique. In Section 5, the relation between biofuel pro-

duction systems in their specific context and the efficacy of

different policy frameworks seeking to monitor and promote

their sustainability is analysed and discussed. Section 6 pro-

vides the main conclusions and policy recommendations.

3. Food security in the EU RED and in
Mozambique's policy framework for sustainable
biofuels

3.1. Food security in EU RED and its certification

schemes RSB and NTA 8080/81

The focus of the EU sustainability criteria is on the reduction

of GHG emissions, protection of land with a high biodiversity

value, protection of peatlands and land with high carbon

stocks and the promotion of good agricultural practices [4].

Food security impacts are considered an important element of

biofuel sustainability and Member States are obliged to report

on food security impacts biannually. According to the EU RED,

biofuels produced in compliance with the EU sustainability

criteria are eligible for the licence to sell that include in-

centives for biofuels sold on the EU market [21]. Only biofuels

that have been produced in compliance with the EU sustain-

ability criteria can count as part of Member States' obligatory

10% target for renewable energy (including biofuels) in

transport-related petrol and diesel consumption by 2020 [1]. In

Table 1 e Overview of project visit dates and data collection techniques.

Biofuel projects Dates visited Data collection techniques

Agro-industrial Energem Resources Inc. February 2009 Semi-structured interviews with director, plantation

manager and smallholders employed on plantation

Sun Biofuels Mozambique April 2009, October 2011 Semi-structured interviews with director, plantation

manager and smallholders employed on plantation

Smallholder ADPP smallholder jatropha April 2009 Focus group discussion with farmers, semi-structured

interviews with project manager and staff

Nhambita smallholder jatropha July 2009, August 2009,

July 2010

Household surveys and semi-structured interviews

with project director, project manager and staff
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October 2012, a reduced target of 5% for the use of food crop

based biofuels was proposed to e amongst others e avoid

direct negative impacts on food security in areas where bio-

fuel crops are produced [23].

On food security, Article 17 of the EU RED describes that:

“The Commission shall, every two years, report to the Euro-

pean Parliament and the Council on the impact on social

sustainability in the community and in third countries of

increased demand for biofuel, on the impact of Community

biofuel policy on the availability of foodstuffs at affordable

prices, in particular for people living in developing countries”

[21]. The EU Member States are responsible for assessing

compliance with the sustainability criteria [5]. Biofuel opera-

tors can choose from 15 voluntary EU approved certification

schemes to demonstrate compliance to the EU sustainability

criteria [24], including the NTA 8080/81 and the RSB. Both

certification schemes require reporting on the impact of bio-

fuel production on food security and how negative impacts

will be mitigated (Table 2).

The RSB has ‘global’ [27] and ‘EU-RED specified’ [26] prin-

ciples, criteria and indicators. For food security, the principles,

criteria and indicators in both versions are the same. The RSB

principles apply to: “[O]perators deemed to be in food insecure

countries and regions of countries where a significant pro-

portion of the population are deemed to be at risk of food

insecurity” [28]. The RSB Food Security Assessment Guidelines

(RSB-GUI-006-01) outline procedures on measuring food se-

curity and conducting a food security impact assessment.

Only feedstock operations of greater than 500 ha, processors

that process greater than 5000 tonnes of feedstock, or pro-

ducers that produce greater than 1 million litres of biofuel per

year are required to do a food security assessment. For biofuel

processors sourcing feedstock from pools of outgrowers, if the

total outgrower feedstock production exceeds 75 ha, the food

security impact assessment is required [28]. The Food Security

Assessment Guidelines focus on comparing food security

before and after establishment of the operation and follow the

four pillars of food security as outlined in Section 2 of this

paper: food availability, access, utilisation and stability.

If the Food Security Assessment demonstrates that the

biofuel operation poses a threat to regional food security

(Criteria 6a), the biofuel operator is obliged to implement and

monitor measures to mitigate and enhance regional and local

food security (Criteria 6b). Examples of such mitigation and

enhancement measures include but are not limited to: (1)

Setting aside land for growing food by community or food

production by the biofuel project for sale into localmarkets; (2)

Increasing yields of food crops by providing inputs and tech-

nical assistance; (3) Providing opportunities for workers to

carry out household-level food production; or (4) Provide equal

employment opportunities for women to help maximise the

beneficial impact of wages [28]. The latter assumes that: “[A]

significant proportion of wages earned by men may be spent

on leisure and non-essential items, whilst women tend to

spend most of their wages on food and essentials for the

family” [28].

The NTA 8080 sustainability criteria for biomass for energy

purposes [25] and the NTA 8081 certification scheme for sus-

tainably produced biomass for energy purposes [29] have been

developed by the Netherlands Standardization Institute

(NEN). In order to become NTA 8080/81 certified, biofuel op-

erations shall comply with their duty to report on possible

competition with food or other applications of biomass as

described under Principle 3. Indicators focus on the avail-

ability of, and access to biomass for food or for other local

applications. Issues related to food utilization and food sta-

bility are not specifically addressed (Table 2).

Similar to the RSB, the framework discriminates between

different types of producers, processors and traders. The

document describes that the definition of ‘smallholders’ is

likely to vary across different countries and agro-ecological

zones. NTA 8080/81 therefore defines smallholders with

respect to labour contribution to farming activities and farm

size. Smallholder systems equate to:

1. Production systems in which two-third of the structural

labour consists of family labour, with the opportunity to

hire labour during peaks in the production calendar;

2. Farm size of smaller than 50 ha for crop protection or

100 ha for forestry [25].

Smallholders who are part of a group can apply for group-

certification where the group needs to comply to all sustain-

ability criteria [30]. Individual smallholderswho are not part of

a group are exempt from demonstrating compliance to a

number of criteria (e.g. contributing to local prosperity and

community consultation) but do have to demonstrate

compliance to the food security criteria and indicators. Non-

compliance with the NTA 8080/81 food security criteria

“cannot result in non-conformity” [29] and therefore does not

jeopardise certification.

3.2. Food security in the Mozambican policy framework

for sustainable biofuels

Mozambique was one of the first sub-Saharan African coun-

tries to approve a national policy for biofuels. The policy was

approved in March 2009 and includes the intention to develop

anduse sustainability criteria to select investment projects and

allocate land titles for biofuel production [31]. Although the

biofuel policymainly focuses on developing the agro-industrial

biofuel sector, expectations in relation to biofuel production by

smallholders are also described. These include generating

employment in (remote) rural areas, incentivising transfer of

technology between agro-industrial and smallholder pro-

ducers, and stimulating biofuel crop production by smallholder

farmers and communities for local processing, marketing and

use, or as outgrowers selling to agro-industrial producers.

In December 2007, the Mozambican government organised

a stakeholder consultationworkshop to discuss a draft version

of the EU RED and its biofuel sustainability criteria. During the

workshop, concerns about the EU framework fitting the

Mozambican context were raised. Consequently, the Mozam-

bican government established an inter-ministerial working

group responsible for the development of a national frame-

work for biofuel sustainability. From 2009 onwards, biofuel

sustainabilityprinciples, criteriaand indicators,andaguide for

implementation were developed by the working group [22].

The Mozambican policy framework for sustainable bio-

fuels can provide biofuel projects a licence to produce and is
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Table 2 e RSB and NTA 8080/81 food security principles, criteria and indicators [25e27].

Certification scheme Principle Criteria Indicators

RSB 6. Biofuel

operations shall

ensure the

human right to

adequate food

and

improve food

security in food

insecure regions

6.a Biofuel

operations shall

assess risks to

food

security in the

region and

locality and shall

mitigate any

negative impacts

that result

from biofuel

operations

6.a.i.1 The participating operator provides objective evidence demonstrating whether the biomass/biofuels operation(s) is/

are in a region which is at risk of food insecurity, in accordance with the RSB screening exercise.

In regions where food security has been identified as a risk during the RSB screening exercise:

- 6.a.i.2 The participating operator provides objective evidence demonstrating that an assessment of the status of food

security in the region has been undertaken including the assessment of access, availability, stability and utilization of

food.

- 6.a.i.3 The participating operator provides objective evidence demonstrating that the methodology used for assessment

of the status of food security in the region provides equivalent results as the RSB Food Security Assessment Guidelines

(RSB-GUI-006-01).

- 6.a.i.4 The participating operator provides objective evidence demonstrating that an assessment of the impacts of her/

his/its biomass/biofuels operation(s) on food security in the region in accordance with the RSB Food Security Assessment

Guidelines (RSB-GUI-006-01) was carried out, including an assessment of potential positive and negative impacts and

impacts on local economic development.

- 6.a.i.5 The participating operator provides objective evidence demonstrating that in cases where her/his/its biomass/

biofuels operation(s) actually or possibly result in negative impact(s) on food security in the region, the corresponding

management plan has been adapted to mitigate such negative impacts.

- 6.a.i.6 The participating operator provides objective evidence demonstrating that the implementation of the relevant

management plan ensures that impacts on food security are minimized and mitigated, and that access, availability,

stability and utilization of food at the local level do not decrease as a result of her/his/its biomass/biofuels operation(s).

6.b In food

insecure regions,

biofuel

operations shall

enhance the local

food

security of the

directly affected

stakeholdersa

- 6.b.i.1 The participating operator provides objective evidence demonstrating that measures are implemented to enhance

food security of directly affected stakeholders.

- 6.b.i.2 The participating operator provides objective evidence demonstrating that the effectiveness of the measures to

enhance food security of directly affected stakeholders is monitored.

- 6.b.i.3 The participating operatormaintains records of all activities designed to enhance local food security (as prescribed

in indicator 6.b.i.1.) including the type of activity, number of people/organizations affected and monetary value of the

implemented measures.

NTA 8080/81 3. Competition

with food and

local

applications of

biomass

3.1 Insight into

the change of

land-use change

in the region of

the biomass

production unit

3.2 Insight into

the changing

prices of food and

land in the region

of the biomass

production unit

The organization shall report, at the request of the government, about the potential risk on indirect effects in the field of

competition with food and local applications of biomass and effects of land use changes, directly associated with this. The

duty for reporting includes the following components:

a. The nature of the raw material;

b. The production location;

c. The surface area of cultivation;

d. Information about land use changes in the region including future developments, when information is available;

e. Information about changes in land and food prices in the region including future developments, when information is

available;

f. Information about the availability of biomass for food, energy supply, construction materials, medicines or otherwise on

local and regional levels, and the relation if any with cultivation of energy crops, when information is available.

a Criterion 6.b and the corresponding indicators 6.b.i.1., 6.b.i.2. and 6.b.i.3 only apply to food insecure regions.
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implemented within the Project Application and Land Acqui-

sition Process that provides the legal procedure to assess in-

vestment proposals and to entitle land to investors. Principle 5

specifically focuses on food security (Table 3). The assessment

of agro-industrial projects provides the Mozambican govern-

ment a legal instrument to void land titles of companies that

do not comply with Mozambican biofuel sustainability

criteria. This was used in December 2009, when the govern-

ment voided the contract of a large sugarcane-for-bioethanol

project, as the company failed to comply with their contrac-

tual obligations [1]. Smallholders, communities and individual

outgrowers do not have to comply with this legal procedure

and are therefore exempt from demonstrating compliance

with the biofuel sustainability criteria.

The food security criterion focuses on not compromising

food security at the local level. Biofuel operators have a duty to

report on the availability and access to staple food before and

after the establishment of the biofuel project. There is no

specific mentioning of reporting requirement on food utiliza-

tion and food stability aspects. Several examples of what

biofuel operators can do to ensure food security are

mentioned, including providing agricultural extension, micro-

finance and supporting small-business opportunities and

entrepreneurship.

4. Food security impacts across biofuel
production systems and locations in
Mozambique

This section describes and analyses four biofuel projects in

Mozambique (Fig. 1) We briefly describe each project, followed

by an analysis of the project's impacts on food security.

4.1. Agro-industrial biofuel projects

Between approximately 2005 and 2012, a total of 36 biofuel

investment proposals had been received by the Mozambican

government of which 10 had been formally approved [33]. Of

the requested 411.000 ha, only 8512 ha (2.1%) were planted. Of

the projected 148.225 jobs, only 853 permanent jobs (0.6%) had

actually been created by biofuel investments up to 2012 [34].

The majority of projects had already started undertaking ac-

tivities such as land clearing, developing nurseries and basic

infrastructure before the official land titles (DUAT e Direito de

Uso e Aproveitamento da Terra that can be obtained through the

Project Application and Land Acquisition Process) had been

awarded. We describe and analyse two agro-industrial biofuel

projects.

4.1.1. Energem Resources Inc.

Energem Resources Inc. (Energem) is a renewable and alter-

native resource company and started operating in 2007 in the

Bilene-Macia district, Gaza province. In two communities,

around 2000 ha of land was acquired to plant Jatropha curcas

Linnaeus (henceforth abbreviated as jatropha); a small tree or

shrub that produces toxic seeds with a relatively high oil

content (between 30 and 35%) [35e37]. The final total farm size

was expected to be 60,000 ha and the project intended to

produce a crude biodiesel for the EUmarket [38]. By the end of

2009, the plantation had permanently employed around 300

people. The establishment of the plantation forced farmers to

move to cropping land located further away from their

homesteads. In one community, cropping land was lost to the

jatropha plantation and individual households were not

compensated [39]. Some, but not all of the 300 employeeswere

from the region, which caused community unrest. Collective

compensationwas provided by the creation ofwaterwells and

by ploughing 200 ha of land for farmers who gave up part of

their land [40]. No other compensation was provided.

In practice, the 200 ha of land provided to smallholders was

hardly used. The smallholders regarded the soils as poor, and

as too far away from their homesteads [41]. Further, with

regards to the impact of the biofuel plantation on land avail-

ability and land use change, Mota [39] concluded that: “The

presence of the […] [plantation] may cause changes in tradi-

tional cropping system, especially in upland [production sys-

tems] since land availability for the smallholder farmers will

be reduced. It can be expected that farmers have to reduce

fallow periods, which can decrease crop yield and soil fertility,

if soil management remains similar and no inputs are used.”

Furthermore, households surrounding the plantations lost

access to firewood collection sites [40].

Especially in families where women were employed by the

biofuel plantation, the time spent on household farming ac-

tivities was reduced. As well, the average field size was

smaller when compared with households where female

farmers did not work on the plantation [39]. Related to that,

Peters [40] concluded that working on the biofuel plantation

did provide households with an additional source of income,

but resulted in a decrease in other cash generating activities

such as microenterprise activities and cash crop sales, and

that e on balance e the level of household food production

decreased. In the long term, this can have a negative effect on

local food availability and food affordability in the region.

However, employees were able to use company tractors to

work the land,whiche to a certain degreee compensated loss

of labour for household farm activities.

In early 2010, the majority of employees lost their jobs due

to the worsening financial situation of the project. By the

beginning of 2011, the company went bankrupt and all project

activities were terminated.

4.1.2. Sun biofuels Mozambique

Sun Biofuels Mozambique (SBM) was formed in 2007 as a

subsidiary of the United Kingdom based company Sun Bio-

fuels with the intention to produce jatropha for biodiesel for

the EU market. In December 2009, SBM began acquiring land

for their jatropha plantation in Manica province. By October

2011, the company achieved a total planted area of 2310 ha of a

projected 10,000 ha. Part of the plantation was established on

land that was previously managed by a tobacco plantation. By

October 2011, 529 permanent staff were employed and during

the time of peak labour demand in 2010, approximately 800

temporary staff were employed in addition to the permanent

staff. Ten per cent of the planted area was used to cultivate

edible crops, namely maize, soybeans and sunflower next to

the jatropha. Maize was made available for employees to

purchase and the remainder of their annual production was

sold on the market. At the beginning of 2012, it was unclear
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whether SBM would continue operating as its activities were

suspended and majority of staff fired due to financial

problems.

Given that SBMestablishedmost of their plantation in areas

that were previously managed by a tobacco plantation, these

areas had not been recently used for intensive food production

by smallholders. This limits the direct land use change from

food to fuel production, however, during the interim period

between tobacco and jatropha production (around two years),

this land was used by smallholders for activities such as

grazing animals. Aswell, the other parts of the plantationwere

established on land used for cropping by smallholders sug-

gesting on balance there was displacement of food production

activities. Also, the urban expansion of Chimoio as provincial

capital, and the fact that the main biofuel plantation of SBM

was located in the city's ‘green belt’ for food production trig-

gered considerable debate about whether the biofuel project

was negatively impacting local food security and access to

land. In 2012, the Chimoio City Council began negotiating to

take 630 ha from SBM for urban expansion [42].

With respect to employment generation, SBM has directly

impacted a number of smallholders in their region through

provision of both casual and permanent employment.

Employment directly contributes to income levels of house-

holds which impacts the household's ability to purchase food.

The close proximity of SBM to Chimoio and its foodmarkets is

Table 3 e Principle 5 on food security in the Mozambican national framework for sustainable biofuels [22,32].a

Principle 5 Biofuel operators should not compromise local food security.

Criteria 5.1 Biofuel operators should not compromise local food security, maintaining the availability

and access to staple food.

Indicator 5.1.1 The biofuel operator provides evidence in the form of a plan that ensures local food

security, maintaining the availability and access to staple food, as compared to the

situation before the operation was established.

a Translated from Portuguese by the authors. At the time the paper was submitted, the policy framework still needed formal legal approval by

the Mozambican government.

Fig. 1 e Agro-industrial and smallholder projects used in this study. Hectares (ha) of agro-industrial biofuel projects refer to

the total land area the investor applied for, not the size of the plantation at the time of the study.
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therefore positive in terms of food availability and access to

markets. The stability or reliability of the income, source

should also be considered. For example, the type of employ-

ment contract (permanent or temporary) can result in

different degrees of stability. In this example, namely due to

the financial problems of SBM, the stability of income for

smallholders through employment (for both permanent or

temporary employees) was not satisfied. Another consider-

ation regarding food security and employment of small-

holders is the trade-off associated with households allocating

labour to the plantation. Changes to food production in this

case will depend on the local labour market where SBM em-

ployees could hire local labour to maintain their household

farm activities.

Across the region of operation of the plantation, total food

production is likely to have increased due to SBM intensively

producing approximately 200 ha of food crops. However, at

the household-level within this region, it is not clear if those

impacted by the plantation-induced land use changes have

improved access to food as only employees of SBM could ac-

cess the maize produced on the plantation.

4.2. Smallholder biofuel projects

In 2004, the Mozambican government began promoting the

planting of jatropha in each of Mozambique's 128 districts,

using underutilized marginal soils to avoid competition with

food production [1]. The objective was to process and use the

biofuels locally, to promote rural energy self-sufficiency. After

distributing the jatropha seeds, there was no follow-up in

terms of market development or extension on crop manage-

ment. Hence, crop maintenance was neglected and many

trees died. The few farmers that successfully produced jatro-

pha did not know what to do with the jatropha seeds, as mar-

kets were absent. Although the majority of the initial

smallholder and community-based projects were unsuccess-

ful, the Mozambican government continued to perceive

jatropha as a high potential crop for smallholder biofuel pro-

duction. We describe and analyse two smallholder biofuel

projects that are spin-offs of the initial promotion of small-

holder jatropha production and how they affected food

security.

4.2.1. ADPP smallholder jatropha project

In 2007, Humana Mozambique (in Portuguese: Ajuda de

Desenvolvimento de Povo para Povo) initiated a smallholder

jatropha project that aimed at developing a local market for

pure plant oil (PPO), derived from jatropha seed produced by

smallholder farmers. The project's objective was to: “[G]row

250e500 ha-equivalents of jatropha in hedges; to build up a

viable oil processing facility; and to adapt 20 diesel engines

already in use by small enterprises and schools for operation

on PPO” [43]. The project activities are located around Bilibiza,

a small, remote rural village in the northern Cabo Delgado

province. Approximately 1800 farmers were trained and/or

involved in cultivating jatropha [43].

Food security is a concern in the region. Although land is

abundant, annual rainfall is relatively low (800mmyear�1) and

60.2% of the households indicated that they do not produce

sufficient food to feed their families throughout the year [43].

To avoid competition with food crops, jatrophawas planted

mostly in hedges around maize or cassava fields, which was

the farmers' preference (see Fig. 2). According to the project

evaluation, jatropha did not compete with other cash crops

when planted in hedges and when it was planted in fields, it

mainly replaced other cash crops [43]. However, the jatropha

cannot be eaten in times of food scarcity, whereas other cash

crops can, hence posing some threats to food security. In the

absence of cattle, the main constraint in the smallholder

production systems is mobilising labour, especially during

peaks in the labour calendar. However, as was summarised by

de Jongh and Nielsen [43]: “The flexible and low labour de-

mand of jatropha did not constrain the farmers but made it

possible to use off-season labour productively.”

In December 2010, more than 600,000 living jatropha plants

had been established in hedges (equivalent to approximately

600 ha) and seed yield levels had become economically

attractive for the farmers growing jatropha [43]. Jatropha seed

was bought by the project. To enable profitable selling of PPO

as a diesel replacement, the maximum price paid to farmers

was US$0.09 per kilogram. However, early 2012 prices paid to

farmers had dropped to US$0.025 per kilogram. The produc-

tion of higher value products from the jatropha oil such as soap

allowed for higher prices for farmers. At the time the study

was conducted, the project still purchased approximately 12

tons of jatropha seed from farmers annually. Project objectives

were partially achieved as the project did contribute to

developing a local market for PPO. Although the quantity of

PPO produced did allow for soap manufacturing, it was

insufficient to actually provide fuel to the local population and

eventually only one diesel generator was co-fuelled with

jatropha PPO. With (very) low seed yield estimates of 80 kg per

ha [44], the 12 tons of jatropha seed is equivalent to 150 ha of

jatropha, indicating that project activities had downscaled

significantly. It is unclear what the status of the remaining

450 ha of jatropha that used to be part of the project is.

4.2.2. Nhambita smallholder jatropha project

Nhambita community in Sofala province consists of 85 farm

households andwasone of thefirst communities that complied

with the Mozambican government's request to grow jatropha

[45]. With support of Envirotrade (a project marketing carbon

offsets through conservation management and reforestation

activities) a communal jatropha trial in Nhambita community

was established in 2005. Between February and April 2006, the

trial increased to a total area of around 4 ha, and between May

and July 2006, 250 farmers from the area expressed an interest

in planting jatropha [46]. Several individual farmers also planted

jatropha near their homesteads and the Mozambican govern-

ment provided an oil-press to the community. Following the

first pruning of the jatropha, the majority of plants started

rotting and died; according to Envirotrade's operations man-

ager, this was most likely due to a viral or fungal infection.

In Nhambita community, farming strategies are centred

around crop production and offefarm activities. In the

absence of cattle and no apparent land scarcity, mobilizing

and allocating labour to on- and off-farm activities e espe-

cially during peaks in the labour calendar e is the most con-

straining factor in production systems. To explore the impact

of biofuel production on food security, we calculated maize
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production and consumption as an indicator of food self-

sufficiency within a low, medium and high resource

endowed farm household. The high and medium resource

endowed farmers in the community need around 20% of their

total farm size to achieve household maize self-sufficiency. In

contrast, the low resource endowed farmers need approxi-

mately 80% of the total farm size to achieve household maize

self-sufficiency [45]. In addition, the high resource endowed

households were more resilient in terms of food reserves and

had far less difficulty feeding their families throughout the

year when compared with low resource endowed households

[47]. Crop production on wealthier farms was enhanced with

labour supplied by poorer farmers. Subsequently, poor

farmers who struggle to achieve food self-sufficiency benefit

from the excess maize production at the community level in

return for the labour they sell to wealthy farmers [48].

Although the labourers are often paid in kind (food crops),

hiring out labour negatively affects the area cultivated, crop

management and e eventually e yields on their own farm.

For low resource endowed households, the feasibility of

cultivating biofuel crops is questionable as they need the ma-

jority of their land to achieve food self-sufficiency and already

face labour constraints. For the high resource endowed

households, cultivating biofuel crops is a question of priori-

tizing labour allocation to different crops and activities when

considering their relative revenues and benefits. As no organ-

ised markets or value chains are existing in Nhambita for

jatropha, it is unlikely that farmers will allocate resources to a

single-purpose, non-food crop such as jatropha, of which they

have little knowledge and that only gives profitable yields after

three to four years. This was confirmed by the fact that only

the highest resource endowed farmers grew jatropha in their

field, and at the time of the last visit to the community in July

2010, they had stopped actively managing their jatropha field

[45].

5. Analysis and discussion

Table 4 provides an overview of some negative and positive

food security impacts of each of the biofuel projects that were

described in Section 4. The table also shows which di-

mensions of food security are supposedly covered by the

different biofuel sustainability frameworks or certification

schemes, and how those frameworks and schemes would

apply to the biofuel projects described in this study.

The analysis is divided into three parts. First, we explore

whether and how the biofuel sustainability frameworks and

certification schemes discussed in this paper are able to cap-

ture heterogeneity between different types of biofuel pro-

duction systems (i.e. between agro-industrial and smallholder

production systems). Second, we examine whether and how

these frameworks and certification schemes are able to cap-

ture heterogeneity within the similar types of biofuel pro-

duction systems (i.e. within agro-industrial or smallholder

production systems). Third, we reflect more broadly on the

usefulness of global frameworks and schemes to monitor and

promote sustainable biofuels.

5.1. Capturing heterogeneity between different types of

biofuel production systems

The applicability of a sustainability framework or certification

scheme to a project depends on two main variables. First, it is

determined by where the project is located and whether the

project requires a (government) licence to produce, and the

project's projected market and hence the need for a licence to

sell. For example, Energem was located in Mozambique and

therefore required a licence to produce to invest and access

land in Mozambique. Energem intended to export its produce

to the EU, where it needed a licence to sell to access EU RED

market incentives. Second, the applicability of a sustainability

framework or certification scheme across biofuel production

systems depends on the size and type (agro-industrial/

smallholder) of the operation. Thresholds for size are used by

the RSB and NTA 8080/81 to differentiate between biofuel

production systems that must or must not be certified. For

example, within RSB, only biofuel projects of greater than

500 ha need to comply with the RSB criteria. These thresholds

are ambiguous and debatable, as the definition of a small-

holder is context and country specific, i.e. the 500 ha threshold

might include ‘small’ biofuel operations in Brazil but it does

not include smallholder production systems in Mozambique

where the average farm size is around 1 ha. Within the NTA

8080/81 scheme, (groups of) smallholders are required to

demonstrate compliance with the reporting requirements on

food security andmany other criteria. Both cases presented in

Section 4.2 include biomass production for energy purposes

within smallholder production system in which two-third of

the structural labour consists of family labour smallholder as

defined in [30]. This would create obstacles for (groups of)

smallholders or communities to comply to sustainability

criteria for biofuels.

Overall, agro-industrial biofuel production systems are

more closely monitored, and operators need to comply with

different types of sustainability frameworks and certification

schemes. What is controversial, however, is that agro-

industrial projects can decide to use certification schemes

of different strictness to demonstrate compliance with the

EU RED. For example, producers can comply with EU RED

using NTA 8080/81 without demonstrating compliance to its

Fig. 2 e Planting jatropha as hedges around field reduces

competition for land with food crops. Photo taken by Marc

Schut in April 2009.
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food security indicators; as non-compliance with the food

security indicators cannot lead to the exclusion of certifica-

tion [49]. Other gaps in coverage by the frameworks and

schemes mainly emerge for smallholder biofuel projects

where the biofuels are used or marketed locally. Within the

Mozambican policy framework for sustainable biofuels there

is no specific attention for the sustainability of biofuel pro-

duction in smallholder production systems. These producers

do not have to comply with the government's Project Appli-

cation and Land Acquisition Process and are therefore

exempt from demonstrating compliance to the government's

sustainability criteria. There are also no other mechanisms

that guide or monitor the sustainability of smallholder bio-

fuel projects. Given the number and impact of biofuel pro-

jects working with smallholders, such guidelines are equally

important. For example, the way the Mozambique govern-

ment actively promoted jatropha production in Nhambita

community was unsustainable with regard to the lack of

support for farmers and absence of market development

activities. Also, the sudden downscaling of the ADPP project

with an equivalent of 600 ha of jatropha being produced by

smallholder farmers raises questions about the project's

sustainability. Here similar questions of responsibility and

accountability can be posed. What are the sustainability

criteria for government, research, donor-driven and NGO

initiated biofuel projects involving smallholder producers?

And, what are the policy mechanisms that can create a safe

space for experimentation, before biofuel technologies are

promoted amongst smallholder farmers [57]? To address

such questions, we propose that a similar ‘licence to operate’

for government, research, donor-driven or NGO biofuel pro-

jects is urgently needed.

5.2. Capturing heterogeneity within different types of

biofuel production systems

This paper provides several examples demonstrating hetero-

geneity within different types of production systems and

highlights the extent to which global frameworks and

schemes are able to deal with these differences. In terms of

the two agro-industrial projects, both Energem and SBM

negatively impacted food security due to land use changes.

Section 4 shows that understanding the type and extent of

these impacts requires subtle analysis of the type and context

of the land use change. For example, replacing extensive an-

imal production with biofuel crops (in the case of SBM) im-

pacts smallholder risk management strategies in terms of

stability of food security. Replacing annual food crops (in the

case of Energem) directly impacts food availability and access,

and replacing firewood collection sites (also in the case of

Energem) impacts food utilization. In addition, contextual

factors such as the degree of land scarcity and production

system characteristics (e.g. the type of fallow system in the

Energem case) also determine the extent of land use change

impacts on food security. Further, as described in Section

4.1.1, Energem attempted to mitigate negative impacts from

land use change by providing smallholders with new plots of

land, yet the plots remained largely un-used because they did

not fit within the smallholders' production systems. The RSB

scheme, if implemented properly, would have provided indi-

cation that the compensation of land by Energem was inap-

propriate as the operators must understand and define the

‘local food production system’ including not only food avail-

ability and access, but also utilisation and stability. The RSB

scheme would also be able to distinguish between the

Table 4 e Negative (¡) and positive (þ) food security impacts per biofuel project in relation to the biofuel sustainability
framework/certification schemes thatwouldmonitor the projects impact on food security (taking into account location and
projected market, e.g. EU, Mozambique or local).
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potentially different impacts from SBM (impacting stability of

food security through land use change) and Energem

(impacting access and availability). NTA 8080/81 and the

Mozambican policy are not as instructive on these points and

do not assess food utilisation and food stability, and therefore

appear to be more risky.

Another example relates to labour opportunities from

biofuel developments and how they can potentially

enhance access to food through income provision and how

employment impacts food production. To ensure fair in-

come provision, stipulating standard working conditions

such as hours and wages are quite straightforward and each

of the frameworks discussed in this paper deal with this

and rely on existing (labour) laws. However, again, addi-

tional and more indirect factors such as who is employed

(gender), local labour markets and local food markets will

determine food security impacts [e.g. [4]]. For example, a

contextual difference between Energem and SBM is the

proximity to food markets. SBM was located relatively close

to Chimoio and its food markets such that it would be easier

to access food with income earned on the plantation when

compared with the case of Energem. As well, the impact of

changing labour dynamics (from on-farm to on-plantation)

on food production is highly specific. For example, as

described in the case of Energem, when women are

responsible for household crop production, employing

women may compromise rather than enhance food security

at household level. When household crop production is

more mechanised, it is more likely that men will provide

the majority of household labour, causing the opposite ef-

fect. Therefore, general statements made (e.g. by RSB) about

the relation between providing equal employment oppor-

tunities for women and maximising the beneficial impact of

wages in terms of the amount of it being spend on “food

and essentials for the family” (by women) instead of on

“leisure and non-essential items” (by men) are too

simplistic and do not reflect the complex labour dynamics

related to specific production systems and their synergies at

community level [28].

Although the sustainability of smallholder projects is

generally neglected by the frameworks and schemes,

considerable differences were also identified between the

two smallholder projects. These differences serve to

further highlight some of the real complexity that chal-

lenge the implementation and usefulness of global frame-

works and schemes. For example, the way biofuel crops

were introduced into smallholder production systems

clearly impacted food security and demonstrates how the

sustainability of smallholder biofuel projects depends on

household-level characteristics such as resource endow-

ment. In the case of ADPP, jatropha was planted in hedges to

reduce competition with land needed for food production.

The project also provided a guaranteed market for

jatropha seeds, thereby reducing the risks for the small-

holders growing biofuel crops. In Nhambita, without a

guaranteed market and where jatropha was mainly planted

in fields, the risks associated with allocating land and la-

bour to biofuels were higher, consequently the majority of

farmers were not able nor willing to participate in biofuel

production.

5.3. Discussing the usefulness of global frameworks to

monitor and promote sustainable biofuels

The above examples and analysis, although often specific to

food security and Mozambique, can be used to stimulate dis-

cussion on the usefulness of global frameworks for moni-

toring and promoting the sustainable production, processing,

trade and use of biofuels. Empirical evidence that underlines

context-driven sustainability impacts from biofuel projects

are increasingly emerging [50]. For example, maintaining and

enhancing biodiversity, carbon sinks and soil fertility are

principles with highly site-specific drivers such as vegetation,

soil and biomass type [51e53]. Other socio-economic princi-

ples such as increasing economic development are also driven

by contextual factors such as smallholder characteristics and

existing governance structures [54,55]. Amore general remark

can be made related to the limited attention for the financial

viability of biofuel projects. Company bankruptcy or imme-

diate project closure without exit-strategy creates enormous

shocks in the region where these company were established.

Here again the impact on food security provides a good

example, as farmers working on the plantations are likely to

have planted reduced areas of food crops, whereas farmers'

ability to mitigate an unexpected stop of income from

employment is questionable.

6. Conclusions and recommendations

The impacts of the different biofuel projects on food security

in this paper are exemplar of the interaction between sus-

tainability and context in relation to production systems. We

are aware that our choice for case studies with focus on food

security accounts for only one of the many principles of bio-

fuel sustainability, and that the project descriptions only

provides a partial insight in the complex dynamics of food

security in different production systems. Nevertheless,

similar heterogeneity can be found in relation to other prin-

ciples of biofuel sustainability, for instance, the social or cul-

tural acceptability, economic viability and environmental

protection.

The sustainability frameworks and certification schemes

included in this study were to a certain degree able to address

the heterogeneity between and within different types of

biofuel production systems. The emphasis is however on

monitoring the agro-industrial biofuel projects both by ‘li-

cences to produce’ and ‘licences to sell’. Smallholder biofuel

projects are far less monitored, especially when they focus on

the local marketing and use. Regarding the heterogeneity

within agro-industrial or smallholder production systems,

the differences are more subtle, but nevertheless decisive in

assessing the sustainability of a project in its specific context.

Labour dynamics in different types of production systems,

and the type of land use change and whether it causes

challenges in terms of food availability or food stability pro-

vide clear examples. Some frameworks and schemes (e.g.

RSB) are better equipped to deal with such subtle differences

than others (e.g. NTA 8080/81), and it is controversial that

certification schemes of different strictness can be used to
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demonstrate compliance with one single sustainability

framework (e.g. EU RED).

Our case study raises questions about the extent to which

detailed and operational sustainability frameworks and certi-

fication schemes developed at the global levele in terms of the

thresholds, indicators and/or methods and nature (i.e. ‘licence

toproduce’or ‘licence to sell’)e are able to capture the complex

dynamics and heterogeneity between and within different

types of biofuel production systems. Having a set of globally

applicable principles can be useful. A prerequisite for their

functionality is however that frameworks are operationalised

and implemented in such a way that they respect the hetero-

geneity of different types of producers, their (changing) local

context and production systems [e.g. [56]]. Our recommenda-

tions are therefore perpendicular to what some authors have

described as ‘the risk’ of not having general global biofuel

sustainability criteria and ‘the risk’ that sustainability criteria

will not be interpreted ina similarwayacross differentnational

or local levels [5,9]. On the contrary, we argue that criteria

should not be applied universally with the same rigour. For

developing and implementing policies that truly seek to stim-

ulate the sustainability of global and local biofuel de-

velopments, the great challenges lie in balancing between

global frameworks and local heterogeneity.
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