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" Three scenarios of increased biofuels use are modeled using GTAP model.
" Impact on prices, production, and trade of agricultural commodities for Pakistan are presented.
" Expansion in biofuels will increase prices of most of agricultural commodities in Pakistan.
" Production of feedstock crops (especially sugarcane) will increase considerably.
" Overall trade balance for agricultural commodities will worsen due to Pakistan’s biofuels program.
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a b s t r a c t

This research uses GTAP model to assess the expected future effects of national and global biofuels pol-
icies on agriculture markets and food prices in Pakistan. Our results show that by 2020, global mandates
on biofuels will significantly affect the prices, production and trade of major feedstock crops such as sug-
arcane, maize, soybean and rapeseed, especially in the USA, Brazil and EU. Global biofuels developments
are projected to increase the prices of maize, rapeseed, soybean, and sugarcane in Pakistan. Pakistan will
benefit from improved trade balance in agriculture under the global-only scenario. Under Pakistan plus
three-producer’s biofuels scenario, the price and production of sugarcane in Pakistan will increase sub-
stantially. Under this scenario, the country will face considerable loss in agricultural trade. Consequently,
food-security of net-buyers may be threatened. The income of feedstock farmers will increase. Higher
crude oil prices will strongly influence commodity markets via increased production of biofuels and agri-
cultural production costs.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Biofuel is a type of fuel whose energy is derived from biological
carbon fixation. Biofuels include fuels derived from biomass con-
version, as well as solid biomass, liquid fuels and various biogases
[1]. Production of liquid biofuels has increased five-fold over the
last two decades due to policy interventions and changing relative
energy prices [2]. The increasing production of biofuels is triggered
mainly to gain energy security by decreasing dependence on im-
port of fast-depleting fossil fuels and saving considerable amounts
of foreign exchange; to mitigate the global warming emissions by
reducing the use of fossil fuels; and to improve the agricultural
development by offering better prices and new jobs [3].

While many developed and few developing countries are
setting up ambitious targets to achieve their national biofuels
ll rights reserved.
mandates, the effectiveness of biofuels to produce the desired
results is strongly debated in recent literature. There are studies
suggesting that rather than decreasing carbon dioxide and other
greenhouse gas emissions, biofuels actually increase them [4,5].
More important are the spillover negative effects on food security
of millions of poor in developing countries, who depend on cereals
as their major food intake. Many researchers have found a positive
relationship between the increased food cost and the recent surge
in demand to use crops as fuel [6–9].

Other factors have also impinged on food supplies and prices,
however, most experts see the biofuels demand as a substantial
contributor, and one that exacerbates any other factor on food
costs. With 800 million people at risk for hunger and malnutrition,
the consequences are far more severe in developing nations than
they are in developed nations. [10] World Bank President Robert
Zoellick has acknowledged that ‘‘biofuels is no doubt a significant
contributor’’ to high food costs, adding that ‘‘it is clearly the case
that programs in Europe and the United States that have increased
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Table 1
Biofuels production by type in 2004 (US$ millions).a

Countries Ethanol1b Ethanol2c Biodiesel Total

1 Australia 0 55.8 2.6 58.4
2 China 1629.2 0 2.6 1631.8
3 Japan 1.5 0 0 1.5
4 Korea 1.5 0 2.6 4.1
5 Indonesia 0 74.4 0 74.4
6 Malaysia 1.0 0 0 1.0
7 Philippines 0 37.2 0 37.2
8 India 0 780.8 0 780.8
9 Pakistan 0 55.8 0 55.8

10 Canada 103.1 0 5.2 108.3
11 USA 5974.2 0 46.6 6020.8
12 Argentina 0 71.0 5.2 76.2
13 Brazil 0 3669.9 0 6741.4
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biofuel production have contributed to the added demand for
food’’. Moreover, this is occurring only when a small fraction of
biofuels mandates have been realised. The US is only one-quarter
of the way toward the 36 billion gallon requirement by 2022 in-
cluded in latest big energy bill. The European Union also has plans
to increase its biodiesel use, though it is now reconsidering this
policy.

On the other hand, surplus-subsidised production has been
creating unbalances in global agricultural markets, depressing
international prices and dislocating agricultural production in
low-income countries [11]. The incomes of farm households, fre-
quently one of the poorest groups in low-income countries, may
be increased by higher commodity prices [12]. This makes the
trade-off between fuel and food a complex policy issue that needs
very careful research encompassing all the related factors and
stakeholders. Only a comprehensive study would provide a guide-
line on how the world (and individual countries) should proceed
with their biofuel plans.

We hypothesise that Pakistan’ agriculture-based economy can
also experience ripple effects of increased demand of agriculture
products by biofuels from national and international markets. It
should be noted that Pakistan’s economy has been growing at a
steady rate during last 20 years. This growth has resulted in
remarkable increase in energy demand, thus putting huge pressure
on country’s limited energy resources [13]. To cope with increasing
energy demand, Pakistan is also starting a biofuels blending pro-
gram. The government has approved a policy to achieve a mini-
mum of 5% by volume share of biodiesel in the total petroleum
diesel consumption by 2015. And gradually take it to 10% by
2025 [14]. Whether Pakistan can achieve the targeted objectives
of the biofuels policy, i.e. reducing dependence on imported fossil
fuels and environmental improvements is open to question. There
are even more crucial issues related to the expansion of biofuels
like: what would be the choice of feedstock (oilseeds crops for bio-
diesel or sugarcane for ethanol)? How would the increased de-
mand affect production and prices of feedstock crops and other
related agricultural commodities? To answer above questions a
serious economic analysis is needed.

Many studies have analysed the impacts of biofuels develop-
ments on emerging and transition economies, e.g. [15,16]. Yet no
such effort has been made for Pakistan. This is the first quantitative
study to understand the effects of national and global biofuels
developments on agriculture and the rest of economy in Pakistan.
We aim to assess the direction and magnitude of impact of ex-
pected growth in biofuels-related demand for agricultural products
on agricultural production, trade and food prices. In relation to
Pakistan this is carried out through quantitative assessment of dif-
ferent market scenarios based on the use of GTAP model. The re-
sults would help to shape future policies on choosing the best
available options, which ensure economical and socially sustain-
able development of biofuels in the country.

The paper is divided into five sections. Following the introduc-
tion, Section 2 outlines the model, data and methods used in the
study. Section 3 elaborates the scenarios used to assess the impacts
of biofuels development on Pakistan. Section 4 presents the effects
of these scenarios. In Section 5 the paper concludes with some brief
remarks.
14 EU27 305.9 0 992.0 1297.9
15 South Africa 0 185.9 0 185.9
16 Russia 334.6 0 0 334.6
17 ROW 655.7 682.8 53.3 1675.7

Total 9004.6 5613.4 1110.1 19225.8

Source: assimilated by author from various sources such as: IEA, RFA outlook
reports, and GAIN reports by USDA.

a Using 2004 price US$ 1.69/gallon.
b Produced from maize as feedstock.
c Sugarcane feedstock.
2. Data, model and scenarios

This study covers only first generation ethanol produced from
maize (ethanol1), sugarcane, and sugar beet (ethanol2); and bio-
diesel produced from oilseeds crops like soybean, rapeseed, and
sunflower (biodiesel). Our model is based on the data in 2004, so
we would focus on the biofuels production and trade trends in that
year. Here, the US is the largest producer of ethanol (in terms of va-
lue) valuing at US$ 5974.2 million (Table 1). Brazil, with US$
3669.9 million, is the second biggest producer of ethanol in the
world. Brazil is also the single largest producer of ethanol from
sugarcane. Other major producers of ethanol are China, India,
Russia, EU27, South Africa, and Canada. European Union (EU27)
is the world’s top biodiesel producer at US$ 992 million, mostly
from rapeseed. In 2004, USA is the only other biodiesel producers
with sizable production at US$ 46 million.

Pakistan, the focus of this study, produced about 33 million gal-
lons of ethanol worth over US$ 55 million in 2004. Almost all of
this ethanol was produced from molasses, which in turn is a by-
product of sugar production from sugarcane and is synthesised in
the distilleries attached with sugar mills.

In 2004, Pakistan exported US$ 37 million worth of ethanol,
mostly to EU countries. Notice that in our model we assumed no
international trade in biodiesel, given that there are only few coun-
tries producing biodiesel, which is assumed to be domestically
consumed.

Moreover, we have used GTAP model to perform recursive-
dynamic simulations. In these simulations, the total time, 2006–
2020, is divided into three parts. The multi-period simulation
results are computed one-period-at-a-time, using the data from
the previous period as base data for the next period. This in turn
is done by dividing the shocks into appropriate sub-shocks for each
period. Such a method has been popularly adopted by many other
studies, e.g. [17,18].

Production structure of biofuels is very important for the fore-
casting model. For each type of biofuel, specific plant-level cost-
of-production-models were used. Our analysis for ethanol1 is
based on the work by Tiffany and Eidman [19]. Information from
[20–22] was used for ethanol2. For biodiesel, information from
[23] was used.

We used GTAP, a multi-region, multi-sector, computable gen-
eral equilibrium model, with perfect competition and constant re-
turns to scale, to capture the implications of expected biofuels
developments both on national and international levels. The GTAP
model is a comparative static model providing powerful insights
into the underlying data and mechanisms of economic change
resulting from the development of biofuels and other trade policy
changes. For this study, we extended the latest GTAP model and
database (version 7) to include biofuels sector for Pakistan,
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covering major biofuels producers with special focus on Pakistan.
We refer to the extended version of the model as GTAP-PBIO (GTAP
model incorporating Pakistan’s biofuels sector).

For developing a reliable database for GTAP-PBIO, the key play-
ers in the field of global biofuels developments were carefully
examined in the light of existing data and literature. Then the ori-
ginal 113 countries/region of GTAP were aggregated down to 17 re-
gions of strategic importance to the research objectives. These
countries/regions are selected because one/more of the following
reasons. They are either; major producers/consumers of biofuels;
major exporters/importers of biofuels; and/or major trade partners
with Pakistan in 2004. As mentioned earlier, version 7 of GTAP
database contains 57 sectors, however not all of these sectors are
important to this study. Therefore, to develop the starting point
for incorporating biofuels sector into the database, these sectors
were aggregated into 28 sectors. To be used as the feedstock, two
original GTAP sectors were split into four new sectors. Specifically,
using FAO, production, price and trade data, other coarse grain
(ogr) was split into maize and othgro, while other oilseeds (osd)
were split into soybean and othosd.1

We also introduced some structural changes into the standard
GTAP model for a better representation of the emergence of bio-
fuels production. Particularly, we introduced energy-capital sub-
stitution relationships that are described in the GTAP-E model
[24]. We based most of the changes to GTAP model on Yang
et al. [16], for instance assumption on substitution between bio-
fuels and petroleum products, elasticity of substitution between
crude oil and biofuels, allocation of agricultural land in post bio-
fuels era.
Table 2
Biofuels production used for development of scenarios.

Biofuel type/
country

Base year Under various scenarios in 2020

2006a P0
scenariob

P1 scenarioc P2
scenariod

Ethanol (million tons)
Brazil 13.5 13.5 43.2 43.2
EU27 1.4 1.4 21.0 21.0
USA 15.8 15.8 117.8 117.8
Pakistan 0.2 0.2 0.2 4.3

Diesel (million tons)
EU27 5.0 5.0 46.4 46.4
USA 0.8 0.8 6.9 6.9

Source: own calculations based on production data and future mandates of each
country/region.

a Simulations start from the base year.
b No country increases biofuels beyond its 2006 level.
c Only three producers (USA + EU + Brazil) produce biofuels to meet their policy
3. Development of scenarios

After identifying the critical factors relating to development of
biofuels in Pakistan and around the world, we formulated various
scenarios to capture the possible effects during 2006–2020. Here,
we first ran a simulation based on 2004 data to produce the data-
base which outlines world economy in 2006. Notice that these sce-
narios should not be taken as market forecasts, rather as plausible
projections of expansion in biofuels. The projected implications of
biofuels developments, especially at national level in Pakistan, will
offer useful insight into developing new policy suggestions.

A total of four types of scenarios were developed to understand
the possible effects of biofuels on Pakistan. This included a refer-
ence scenario, two policy scenarios and a market scenario. The ref-
erence scenario presents the world markets in 2020, where
biofuels production is set to remain at 2006 level. The other three
scenarios were formulated for simulating the impacts of future
developments in biofuels on Pakistan in terms of agricultural pro-
duction, prices and trade. These scenarios would reflect the usage
of food and feed crops as feedstock for ethanol and biodiesel pro-
duction to displace liquid fuels in transport during the study peri-
od. In the light of mandates and related policies of USA, Brazil, EU
and Pakistan; one market-scenario and two policy scenarios were
developed, which are referred to as ‘‘alternative scenarios.’’ For
each of these alternative scenarios there is a respective reference
scenario, holding all the biofuels production at 2006 level, while
projecting other macro level changes in the model. Market scenario
is designed to see how much of biofuels are produced under very
conducive market conditions, i.e. without any policy bindings.
The policy scenarios are designed to achieve the minimum level
of targets of biofuel production in each country, by providing sub-
sidies to biofuel sectors. The following sections explain each sce-
nario in more details.
1 Details on these aggregations can be obtained from authors, upon request.
3.1. Reference scenario (P0)

The biofuels production is set to remain at 2006 level in refer-
ence scenarios. The idea is to forecast the developments in global
economy in the absence of biofuels and then compare it with the
alternative scenarios. In practice, this is achieved by swapping
the output ethanol (qo) in all regions (r) with the output tax/sub-
sidy in respective region, i.e. to (i, r). In developing corresponding
reference scenario for the market (M1) scenario, the supply price
of crude oil is set to increase to US$ 142/barrel in 2020, which is
a level achieved in 2008. Although the price can literally be set at
any other level, but we chose this price level as a maximum possi-
ble price of crude oil in 2020, which was achieved in the recent
past.
3.2. Policy scenario (P1)

Policy scenario (P1) is designed to reflect the effects of biofuel
production according to country-specific targets of USA, Brazil
and EU. Here the model is designed to produce at least the amount
of biofuels required to meet targets of each of these countries. It
should be noted that the targets are the minimum levels of biofuel
to be produced for each country, making it a policy-binding sce-
nario. The government subsidy to biofuels sector is set to increase
to a level where it can support the production of targeted values of
biofuels. This subsidy is assumed to be paid to producers in the
model and is greatly affected by petroleum price and the substitut-
ability between biofuels and petroleum. More specifically, the
higher the petroleum price and the value of substitution elasticity
between biofuels and fossil fuels the lower the amount of subsidy
needed to support the mandated biofuels production in each
country.

After reviewing current biofuel production levels and future
mandates of USA, Brazil, and the EU, separate targets were set
for ethanol and biodiesel for each of these countries (see Table 2).
In particular, for a period between 2006 and 2020, ethanol produc-
tion for Brazil is set to increase by 220.7%, 210.4% for USA and
1354.7% for the EU. Only the EU and USA policies have set require-
ments for considerable future production of biodiesel as transport
fuel. Therefore the biodiesel production for the EU is set to increase
by about 825%, coming mostly from rapeseed. The US biodiesel is
formulated to increase by 725%, compared to the 2006 level.

In addition, crude oil price is exogenously specified only in the
baseline scenario – where it is kept to increase by 5% by 2020,
requirements.
d Three producers + Pakistan produce biofuels to meet their policy requirements.
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according to the projection by IEA [25]. In the policy scenarios, the
technology calibrated from P0 scenario is used to reflect crude oil
price trend in 2020. The value of substitution elasticity between
fossil fuels and biofuels is a very critical factor that will link the
food prices to underlying crude oil prices. This value is set to 3.0
in this scenario.2

3.3. Policy scenario-II (P2)

This scenario is essentially same as P1, except that it includes
ethanol blending mandate of Pakistan as well. This study assumes
a 10% blending requirement by 2020 to capture the effects of max-
imum developments of biofuels production and use in transport
industry. Pakistan does not have the infrastructure and policy envi-
ronment necessary for implementing blending requirements for
biofuels. Therefore, the 10% target, set by Pakistan’s biofuel sector,
may seem very ambitious if it is to be achieved within 14 years. As
shown in Table 2, in order to meet this requirement, Pakistan
needs to increase its ethanol production from 0.2 million tons to
4.3 million tons, which in itself is a huge change.

3.4. Market scenario (M1)

In our simulations, we have also considered the possibility of
biofuels production under most favourable market conditions.
The industry works under pure-profit motives rather than obli-
gated by mandatory policy targets. In this scenario both crude oil
price and substitution elasticity are set to high values, so that the
three-producers and Pakistan can produce as much biofuels as
are possible under these conditions, without any policy bindings.

Higher value of substitution parameter means it is easier for the
motorists to switch between traditional fuels and biofuels. There is
no empirical research (that we know of) that estimates the substi-
tutability between biofuels and fossil fuels. The lower estimate of
the elasticity of substitution is based on a historical simulation be-
tween 2001 and 2006 that is reported in Hertel et al. [24]. In their
study, the calibrated elasticities of substitution between biofuels
and fossil fuels in the USA, EU and Brazil are between 1.0 and
3.0. Intuitively, these levels of elasticities imply that there is little
substitutability between biofuels and fossil fuel. However, since
these estimates are based on data from a period of time when bio-
fuels were in their infancy. Also, the infrastructure to allow cars to
use either type of fuels was underdeveloped. We, therefore, believe
that the substitution of biofuels and fossil fuels in 2020 would not
be the same as in 2000. In Brazil today, for example, drivers act in a
way in which the substitutability of biofuels and fossil fuels is very
high. When drivers pull into a gas station to add fuel to their vehi-
cles, they calculate the price of gasoline relative to ethanol. If the
price of ethanol is less than three quarters of gasoline price, many
drivers fill up with ethanol. It is believed that if efforts are made by
governments to expand infrastructures and encourage the adop-
tion of flex fuel vehicles (in the same way Brazil did during the
1980s), the same high degree of substitutability could characterise
the rest of the world in the future. Due to this possibility in the fu-
ture, we set 20 as the value for the elasticity of substitution in this
scenario.

Moreover, in this scenario, the petroleum price is set to increase
to US$ 142/barrel, the level achieved in 2008. Hertel et al. [24] have
discussed that at a high petroleum price, the biofuels targets would
become non-binding and the industry would rather develop based
on profitable nature of biofuels production.
2 Hertel et al. [24] have set this parameter at 3.0 for the USA. Assuming that the
technology will improve so much as to make fossil fuels and biofuels more easily
substitutable in coming year, we have assumed the default value of 3.0 for all the
regions.
4. Results and discussion

Before moving to the main analysis of simulation results, it is
imperative to briefly describe the level and share of GDP at factor
costs, which will help the reader to have a clearer idea of direction
and depth of impacts of biofuels on Pakistan. In 2004, agriculture,
manufacturing and services sectors contributed 22.4%, 18.3% and
51.3%, respectively, to the gross domestic product of Pakistan (at
constant factor price). This shows that agriculture, the focus of this
study, is the second major contributor to national GDP.3 The re-
sources are expected to move towards the sectors of the economy
which become more attractive due to higher prices.

In P1 scenario, we have major biofuels producers implementing
biofuels mandates. These are also the major producers of agricul-
tural products. This would drive up agricultural prices globally.
In response to this price change, we should see shifting of re-
sources towards agriculture in Pakistan, as well. Particularly, it is
highly likely that unskilled labour and capital will shift from indus-
try and services towards agriculture. Under P2, in addition to P1
countries Pakistan is also imposing its own mandate. This should
divert even more resources into agriculture sector as a whole.
There would be some major reallocations within agriculture, of
course. We expect further increase in resource shift towards pro-
duction of feedstock crops. Finally, we have the market scenario
where global crude oil prices increase rapidly and the substitution
elasticity between traditional fuels and biofuels is set to a very high
value. We expect that agriculture, especially feedstock crops would
attract huge resources from other sectors.

In the following, we present the detailed impacts of the three
scenarios on Pakistan in terms of changes in prices, production
and trade of agricultural commodities.
4.1. Impacts on prices of agricultural commodities in Pakistan

Increase in biofuels production will result in higher feedstock
prices. The price hike will, in turn, translate into; (a) increased
net returns for the feedstock producers and (b) additional burden
on the net buyers of these commodities. The food CPI will increase
especially under P2 and M1 scenarios. This effect will be different
in different regions of the country due to variations in the share of
food expenditures in total household income. Higher crop prices
will also affect the household labour income (skilled and unskilled)
in agriculture. Regional income disparities will also be affected due
to differential increase in farmers’ incomes, who cultivate different
crops.

Under P1 scenario, the prices of several agricultural commodi-
ties will have strong impacts in Pakistan. Here, Pakistan will not
expand its biofuels production beyond 2006-level. Expansion in
biofuels production in USA, EU, and Brazil, however, will increase
demand for maize, rapeseed and sugarcane in these countries,
respectively. This increase in demand will translate into higher
prices of maize, rapeseed and sugarcane in USA, EU and Brazil.
These changes in prices are also transmitted to Pakistan via
international markets. The prices of agricultural commodities in
Pakistan will increase in the range of 0.9–19.0% (Table 3, column
1). Apart from rapeseed, the prices of most of the other agricultural
commodities exhibit minimal changes in Pakistan.

On the other hand, domestic prices go up much more under P2
and price rises are no longer confined to a few sectors (Table 3,
column 2). Naturally, the prices of feedstock crops and related
commodities will show the sharpest increase. Strong demand for
sugarcane by ethanol industry will result in tremendous increase
3 Pakistan, Government of Economic survey of Pakistan 2004–2005. Economic
Adviser’s Wing, Finance Division, Islamabad; 2005.



Table 3
Effects of global scenarios on prices of agricultural commodities and related
industries in Pakistan; compared with the reference scenario (%) in 2020.

Commodity P1 scenarioa P2 scenariob M1 scenarioc

Rice 1.5 32.1 17.9
Wheat 1.5 10.5 24.9
Maize 9.2 13.5 42.2
Other grains 0.9 13.8 30.9
Vegetable and fruits 1.0 41.0 55.0
Soybean 5.6 10.7 31.3
Other oilseeds crops 19.0 4.7 94.7
Other crops nec. 1.8 6.3 8.5
Milk and dairy products 0.5 20.3 38.1
Meat products 0.2 8.2 15.8
Livestock 0.7 28.1 66.9
Sugarcane 3.8 146.6 426.8
Sugar 1.5 75.2 175.7
processed food 1.9 5.9 27.4

Source: simulation results of the study.
a Only three producers (USA + EU + Brazil) produce biofuels to meet their policy

requirements.
b Three producers + Pakistan produce biofuels to meet their policy requirements.
c Three producers + Pakistan produce biofuels under high oil price and high

substitution elasticity between fossil fuels and biofuels.

Table 4
Effect of biofuels scenarios on production of agricultural commodities and related
industries in Pakistan; compared with the reference scenario (%) in 2020.

Commodity P1 scenarioa P2 scenariob M1 scenarioc

Rice 0.7 �19.7 �10.7
Wheat 0.5 �5.2 �5.3
Maize 5.2 1.7 2.1
Other grains 0.2 �5.5 �2.5
Vegetable and fruits 0 �5.2 �0.3
Soybean 2.7 4.6 �7.8
Other oilseeds crops 9.0 10.7 9.0
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(146.6%) in sugarcane price as compared to reference scenario. As a
direct result of high sugarcane price, the sugar price will increase
by staggering 75%. At the same time, prices of those commodities
that have high mobility of land use by sugarcane will also increase
significantly. When compared with P1 scenario, the prices of other
(non-feedstock) commodities undergo much higher increase due
to shifting of more resources towards sugarcane.

Interestingly, when compared to P1, the biofuels developments
in Pakistan-only scenario will have a much higher impact on agri-
cultural prices. For example, the prices of rice, vegetable and fruits,
milk and dairy products and livestock increase by a net of 30.6%,
40%, 19.8% and 27.4%, respectively in 2020 (the difference between
columns 2 and 1). The effects in terms of relative changes, the
change in price under P2 divided by the corresponding change un-
der P1, are also quite large under P2. Moreover, the price of rape-
seeds (other oilseeds crops) rise comparatively less (4.7%) under
P2 scenario than under P1 scenario (19%), mainly because this is
a minor crop in Pakistan and is not much affected by resource
shifting towards sugarcane production. Under P2 scenario, in-
creased fodder and feed costs also cause the prices of milk and live-
stock to increase significantly.

In contrast to P1, the market (M1) scenario will have a huge im-
pact on all the agricultural commodity prices in Pakistan, in 2020.
The supply price of sugarcane, the feedstock crop for ethanol in
Pakistan, will increase by staggering 426.8% compared to reference
case (Table 3, column 3). Again, the price of sugar is directly af-
fected by increased sugarcane price and goes up by almost 176%.
The increase in price of sugarcane will attract more resources from
other competing crops, thus causing their prices to rise as well. The
prices of rapeseed (other oilseeds crops) and maize will rise by
94.7% and 42.2%, mainly because of their increased international
demand in EU and USA.
Other crops nec. 0.6 �3.7 �15.5
Milk and dairy products �0.1 �1.6 8.1
Meat products 0.4 �1.8 5.4
Livestock �0.2 �3.3 1.7
Sugarcane 1.6 27.6 62.8
Sugar 2.3 �20.9 �17.3
Processed food �1.0 �3.7 �5.7

Source: simulation results of the study.
a Only three producers (USA + EU + Brazil) produce biofuels to meet their policy

requirements.
b Three producers + Pakistan produce biofuels to meet their policy requirements.
c Three producers + Pakistan produce biofuels under high oil price and high

substitution elasticity between fossil fuels and biofuels.
4.2. Impacts on production of agricultural commodities in Pakistan

Expansion in biofuels production will bring major sectoral
changes in Pakistan. The production of most demanded (feed-
stock) crops will rise sharply. In particular, the biofuels develop-
ments in three major producers (US, EU and Brazil) will
significantly change the production structure of agricultural com-
modities in Pakistan. Mostly the effect would be concentrated on
the feedstock crops via price changes. As a result of biofuels
developments in the three major producing countries in 2020,
the production of maize, rapeseed (other oilseeds crops), soybean
and sugarcane will rise by 5.2%, 9%, 2.7% and 1.6%, respectively.
The case of other oilseeds crops is of particular interest. Pakistan
imports large quantities of edible oils for its domestic use as food.
However, due to increased use in EU as feedstock, Pakistan will
see a shift towards more domestic production of oilseeds crops.
Production of all other agricultural commodities will change
slightly under P1 scenario.

The expansion of biofuels in Pakistan, under P2, will have even
more significant impacts on domestic production of agricultural
commodities. Obviously, the production of sugarcane will rise
by the greatest margin (27.6%) due to its direct use as feedstock
for ethanol production. According to our simulations, rice and su-
gar are the two major agriculture based commodities that will be
negatively affected by diversion of resources towards sugarcane
for ethanol production. Here, the production of rice decreases
by 19.75%, mainly because rice in Pakistan is a major crop and
has very high mobility of land usage with sugarcane. The produc-
tion of sugar will decrease by 20.9%, mainly due to diversion of
sugarcane from sugar production towards ethanol production.
Output of most of the other agricultural commodities will de-
crease in P2 scenario compared with P1 scenario (Table 4, col-
umns 1 and 2).

The impact of biofuels boom under market (M1) scenario will
be very striking on production of agricultural commodities in Paki-
stan. The strong expansion in ethanol production in Pakistan will
increase the share of sugarcane used for ethanol from around 2%
(of the total production) in reference scenario to 51% in M1 sce-
nario. The increased share comes primarily at the expense of lower
supply to sugar production, which declines from 76% to 39% (not
given in tables). In response to higher prices caused by fast grow-
ing biofuels industry, the farmers in Pakistan are expected to grow
more of the high-priced crops, especially the feedstock crops.
Therefore, the production of sugarcane will go up by 62.8%, while
the production of processed sugar will go down by 17.5% (Table 4,
column 3). The expansion in sugarcane production will put huge
pressure on arable land and other agricultural resources, thus
reducing the production of most of the other agricultural commod-
ities. For example, production of rice, wheat, other crops (cotton),
and soybean will drop by 10.7%, 5.3%, 7.8% and 15.5%, respectively.
In particular, the heavy drop in cotton production is due to the high
resource-competition with sugarcane crop in eastern regions of the



Table 5
Effects of global scenarios on trade of agricultural commodities and related industries in Pakistan; compared with the reference scenario (million US$) in 2020.

Commodity P1 scenarioa P2 scenariob M1 scenarioc

Exports Imports Net exports Exports Imports Net exports Exports Imports Net exports

Rice 41.6 0.3 41.3 �173.9 4.5 �178.4 �208.8 1.9 �210.7
Wheat 0.0 �21.6 21.6 0.0 50.8 �50.8 �0.3 140.0 �140.3
Maize 0.1 �12.8 12.9 0.0 �9.6 9.7 4.0 �4.1 8.1
Other grains 0.0 0.0 0.0 0.0 0.2 �0.2 0.0 0.6 �0.6
Vegetable and fruits 8.1 �1.2 9.4 �17.1 335.1 �352.2 �33.8 300.6 �334.4
Soybean 0.0 1.0 �1.0 0.0 �1.3 1.3 0.3 3.2 �2.9
Other oilseeds crops 6.6 �4.8 1.8 19.7 35.0 �15.3 73.5 197.1 �123.6
Other crops nec 14.6 �72.8 87.4 24.5 �82.6 107.0 74.9 �677.1 752.0
Milk & dairy products 0.1 �3.9 4.0 �2.6 129.7 �132.3 �17.1 68.3 �85.4
Meat products 5.2 �1.8 7.0 �18.5 9.1 �27.6 �36.6 17.7 �54.4
Livestock 0.1 �1.3 1.4 �9.2 91.4 �100.6 �19.9 95.3 �115.2
Sugarcane 0.0 0.0 0.0 0.0 1.5 �1.5 0.0 6.7 �6.7
Sugar 0.5 �74.1 74.6 �147.1 931.1 �1078.3 �102.4 799.0 �901.4
Processed food �6.5 40.3 �46.8 �87.6 217.4 �305.0 �245.2 543.6 �788.8
Total 70.5 �152.6 213.5 �411.8 1712.2 �2124.0 �511.3 1492.8 �2004.2

Source: simulation results of the study.
a Only three producers (USA + EU + Brazil) produce biofuels to meet their policy requirements.
b Three producers + Pakistan produce biofuels to meet their policy requirements.
c Three producers + Pakistan produce biofuels under high oil price and high substitution elasticity between fossil fuels and biofuels.
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country. While the production of rice and wheat will decrease due
to their high land-mobility with sugarcane in southern regions. It is
also worth mentioning that the movement of recourses towards
agriculture will also be evident from the change in real value added
to agriculture in Pakistan. Notice that in 2020, the real agricultural
value added will increase by 2.6%, 33.4% and 54.4% under P1, P2
and M1 scenarios, respectively.

4.3. Impacts on trade of agricultural commodities in Pakistan

The expansion in biofuels will affect agricultural trade from
Pakistan to varying extents. The biofuels developments in the
USA, Brazil and the EU under P1 scenario will have an overall po-
sitive impact on net exports of agricultural commodities from
Pakistan, except for soybeans and processed food (Table 5, col-
umn 3). While exports of all but processed food rise, their respec-
tive imports will decline. The higher world market prices and the
relative lower domestic prices are the main causes behind this
shift in commodity trade. The magnitude of the increase in ex-
ports of one commodity depends on both its trade status and
opportunity created by biofuel development in the rest of the
world. For instance, the net-exports of both rice (mostly basmati
rice) and other crops (mostly cotton) will increase by US$
41.3 million and US$ 87.4 million due to Pakistan’s comparative
advantage in these crops and the higher world prices induced un-
der P1 scenario in 2020.

As noted in Table 4, the prices of maize and soybean will rise
more than those of rice and cotton crops, under P1 scenario.
There will, however, virtually be no increase in the exports of
maize and soybean. This is mainly because of the little compara-
tive advantage for maize and soybean in Pakistan. As a whole, the
net exports of agricultural commodities will improve by US$
213.5 million in P1 compared with reference scenario in 2020.
We observe that the gains in net-exports of cotton crop (other
crops) are due to a drop in world supply. Pakistan will import
more processed food in 2020 as compared to reference scenario,
mainly because of the increased cost of production in domestic
market due to higher prices of inputs, i.e. sugarcane, sugar, maize
wheat, and edible oils.

If the mandated targets of biofuels production in Pakistan and
the other three producers are met (under P2 scenario), the net-ex-
ports of most of the agricultural commodities will decrease from
Pakistan. Pakistan’s trade in processed sugar will decrease by the
highest margin, i.e. US$ 1078.3 million. In contrast, due to strong
comparative advantage and higher international prices, Pakistan’s
net-exports of cotton (other crops) will increase by US$ 107 mil-
lion. Under P2 scenario the total net-export (trade-balance) of agri-
cultural commodities will deteriorate by US$ 2124 million under
P2 scenario.

Our results show that Pakistan’s biofuels mandate, under P2
scenario, will increase country’s dependence on imported food,
especially on sugar. It is particularly striking when we note that
Pakistan has a predominantly agricultural economy and that it
has been self-sufficient in most food items. Notice that under P2
scenario, Pakistan effectively imports sugar to be used as feedstock
for ethanol production. Although, the extra spending on imported
sugar (US$ 940.3 million) can be largely offset by extra exports
earnings (US$ 549.8 million) from ethanol. However, this would
also expose Pakistan to risks associated with sugar imports from
volatile world markets.

Changes in real exchange rate also have profound impact on
trade performance of agricultural commodities of Pakistan. In
GTAP, the real exchange rate is presented by the combined
change in prices of all primary endowments (land, labour and
capital). An appreciation of real exchange rate will dampen the
competitiveness of an economy leading to fewer exports and
more imports. As a result, the overall trade balance will be exac-
erbated. Noticeably, there are significant differences in the prices
of primary endowments between P1 and P2 scenarios for Pakistan
(given in Table A2 of the Appendix). A rise in real exchange rate
(prices of primary endowments), under P2 scenario, will translate
into lower exports of agricultural commodities originating from
Pakistan.

Pakistan’s agricultural trade will suffer some serious decline un-
der M1 scenario (Table 5, columns 7–9). With the exception of cot-
ton (other crops) and maize, the trade balance of all of agricultural
commodities will deteriorate. Pakistan’s superior quality cotton is
highly demanded in international markets. There will be extra
opportunities for Pakistan’s cotton exports, mainly due to shrink-
ing of cotton exports from USA. However, the losses in other agri-
cultural commodities are so huge that even an extra US$
752 million in cotton trade will be no match for a combined drop



Table 6
Effects of global scenarios on overall trade and fuel trade in Pakistan; compared with the reference scenario (million US$) in 2020.

Commodity P1 scenarioa P2 scenariob M1 scenarioc

Exports Imports Net exports Exports Imports Net exports Exports Imports Net exports

Energyd �4.7 �166.0 161.2 (1.8)e �92.8 �2631.7 2538.9 (26) �72.4 �1433.9 1361.5 (7.3)
Food 55.9 �79.8 126.1 �436.3 1794.8 �2231.1 �586.2 2169.9 �2756.2
Total trade �301.4 �483.7 182.3 (0.9) �2986.4 �1296.2 �1690.2 (8.2) �2577.5 3476.4 �6053.8 (38.2)

Source: simulation results of the study.
a Only three producers (USA + EU + Brazil) produce biofuels to meet their policy requirements.
b Three producers + Pakistan produce biofuels to meet their policy requirements.
c Three producers + Pakistan produce biofuels under high oil price and high substitution elasticity between fossil fuels and biofuels.
d Oil + p_c sectors from GTAP.
e Figures in parenthesis are the increase/decrease in net exports as percentage of total exports under each scenario.
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of US$ 27564 million in net-exports of all the other agricultural
commodities. Most of the domestic sugarcane will be diverted to
ethanol production at the expense of sugar and processed food pro-
duction. The latter two commodities will exhibit a combined drop of
US$ 1690 million in their net-exports. This shows that biofuels
production and, consequently, agricultural markets will be highly

influenced by changes in oil price, both globally and in Pakistan.
We noted that the biofuels developments under three-pro-

ducer scenario will marginally improve the total trade situation
of Pakistan by less than 1% of the total net exports, under P1 sce-
nario (see Table 6, column 3). The situation reverses under both
P2 and M1 scenarios, where Pakistan spends 8.2% and 38.2% more
on net exports, respectively. Note that decline in textile exports is
the major source of decrease in net exports under both scenar-
ios.5 This indicates that even if Pakistan succeeds in ensuring secu-
rity of supply and reducing greenhouse gas (GHG) emissions, the
country’s agricultural net export will decline due to increased pro-
duction of biofuels.

We have seen that sugar is a major agricultural and food import
item, especially under P2 and M1 scenarios. There are some other
possible scenarios that can affect Pakistan’s economy. Take for
example, if all the major sugar producing countries instead of only
four countries in the world would engage in ethanol production in
the future. Under this situation, Pakistan’s need and capacity to im-
port more sugar from the world market will be affected differently.
There would be far less sugar available in the world market, at rel-
atively higher price, for Pakistan to import. This would further hurt
the country’s bid to achieve and maintain a sustained level of food
self-sufficiency in future.

One major reason for adopting a biofuels program is to ensure
energy security by decreasing dependence on imported fuel
sources. Our analysis shows that in terms of total fuel import bill,
Pakistan will spend 26% and 7.3% less under P2 and M1 scenarios
(Table 6, columns 6 and 9). When we combine the savings from de-
creased fuel imports and extra earning from ethanol exports, Paki-
stan will earn (save) US$ 1.83 billion and US$ 12.1 billion under P2
and M1 scenarios, respectively. Energy security is an idea which
depends on many factors and needs further studies to see if saving
crude oil imports will actually benefit Pakistan to achieve energy
security. Meanwhile, it is worthwhile to notice that the supporting
policy to biofuel development in Pakistan should be carefully eval-
uated as any distortion caused by subsidies will lead to the ineffi-
ciency of the overall economy.
4 This figure is derived by subtracting net-exports from cotton (US$ 752 million)
from the total next-exports (US$-2004.2 million) under M1 (Table 5, column 9).

5 The textile sector, production or exports, has not been shown in table because it
does not directly pertain to the agriculture sector, which main theme of the study.
Mentioning of textiles is suitable here, because the sector is the major agro-based
industry and makes up a major share in total exports earnings for Pakistan.
5. Conclusion

Many countries have set targets for the expansion of biofuels.
Increased size and importance of biofuels industry is expected to
alter the world agriculture markets. While there are ample stud-
ies on projected changes in the global and individual agriculture
markets of other countries, we estimate the effects on Pakistan’s
agriculture. Agricultural, especially food, supplies and prices will
be under huge press due to raw materials used for expanding bio-
fuels production. This study uses a global computable general
equilibrium model to analyse the impacts of large-scale expan-
sions in biofuels on agricultural prices, production and trade in
Pakistan.

The results show that the global biofuels developments, partic-
ularly those in USA, EU and Brazil, will affect the prices, supply and
trade of agricultural commodities in the respective national and
world markets. The spillover effects of these changes will also
reach Pakistan in terms of increased prices, higher production,
and improved trade of feedstock used in the three major producers.
These results indicate that Pakistan’s foreign exchange spending on
its traditional agricultural imports, i.e. edible oils, sugar, and pro-
cessed food will increase. In the long run, however, due to rising
global food prices, Pakistan’s domestic production and self-suffi-
ciency of these commodities will also grow.

While the impacts of Pakistan’s biofuels developments on world
agriculture are less significant, they are very much evident from
changes in domestic agriculture market of Pakistan. The rapid
expansion of domestic ethanol production will substantially in-
crease sugarcane production and reduce production of most of
other crops and livestock. Changes in prices and production of agri-
cultural commodities in Pakistan due to its own domestic biofuel
program will also induce significant changes in its agricultural
trade. Overall, the agricultural trade deficit of Pakistan will in-
crease significantly. While reducing crude oil imports through
Pakistan’s national biofuel program can improve its national en-
ergy security, it may have adverse effects on the national food
self-sufficiency as the imports (or exports) of food and feed will
rise (or fall).

International oil prices and the substitutability between biofu-
els and fossil fuels will, to a large part, determine the degree of
the impacts of biofuels developments on the prices, production,
and trade of agricultural and food products. This study shows that
if energy prices are going to maintain at a high level in 2020, and if
ethanol becomes increasingly substitutable for gasoline. It will be
very critical to develop and adopt biofuel technology that uses less
food crops in order to ensure food self-sufficiency (a key compo-
nent of food-security) in Pakistan (and most net-food-importing
countries). Otherwise, in order to ensure national food self-suffi-
ciency, the national biofuels program will have to be abandoned.



Table A1
Overview of Pakistan’s economy in 2004, million US$.

Commodity Production Import Export Consumption Self-
sufficiency

Rice 2720.3 4.6 671.7 2053.3 1.32
Wheat 1697.3 247.3 0.4 1944.2 0.87
Maize 94.2 17.8 0 112 0.84
Cereal grains,

other
15.1 1.8 0.2 16.7 0.90

Vegetable &
fruits

4860.4 215.9 164.8 4911.7 0.99

Soybean 13.3 16.6 0.2 29.7 0.45
Other oilseeds 251.7 213.8 17.8 447.7 0.56
Other crops 5045.5 1051.7 122.7 5974.5 0.84
Milk 14587.8 46 11 14623 1.00
Meat 1230.8 56.4 31.8 1255.4 0.98
Livestock, other

products
5694.6 45.1 43.6 5696.1 1.00

Forestry 197.4 46.6 16.9 227.1 0.87
Coal 131.6 197.5 0 329.1 0.40
Oil 721.3 2262.9 3.1 2981.3 0.24
Gas 309.9 0.1 0 310 1.00
Mining &

extraction
3083.5 398.8 126.1 3386.3 0.91

Sugarcane 1421.9 0.1 0 1422 1.00
Sugar 3755 24.4 135.2 3644.2 1.03
Processed food 5859.8 1336.8 392.6 6804.5 0.86
Textile &

clothing
22939.5 1040.7 9560.3 14551.1 1.58

Manufacturing,
light

3345.5 862.2 891.8 3324.7 1.01

Petroleum,
products

3709.2 1947.2 162.9 5493.7 0.68

Chemicals,
rubber

3206.9 4627.5 379 7491.3 0.43

Manufacturing,
heavy

4786.6 10120.2 901.3 14029.2 0.34

Electricity 6629.8 0.1 0 6629.9 1.00
Utilities &

construction
12494.5 25.6 24.9 12495.8 1.00

Services, other 53420.3 2796.6 1804.3 54413.1 0.98
Ethanol 56.1 0.4 40.6 16.3 3.44
Transport, road 11145.5 339.5 127.4 11353.4 0.98
Sea transport 336.6 143 106.8 322.4 1.04
Air transport 1968.6 2576.9 751.9 3689.7 0.53
Total 175731.3 30665.3 16489.9 189980.6 –

Source: GTAP Data Base version 7.
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It is expected that the Pakistani farmers who produce market-
able quantities of feedstock crops (sugarcane, maize and rapeseed)
will benefit from expansion in biofuels industry. Their incomes are
expected to rise due to higher agricultural prices. Therefore, biofu-
els may improve the household food security of such farmers due
to their improved ability to buy food. For subsistence farmers,
incomes of most of them may improve only slightly. While they
cannot gain from increase in agricultural price as they are only
self-sufficient in food. They could gain from rise in unskilled labour
wage if some of their family labour is engaged in off-farm employ-
ment. However, for urban consumers, particularly the urban poor,
biofuels will adversely affect their food consumption and living
costs. Therefore, it is essential to develop social security system
to provide the necessary support for vulnerable groups in urban
areas. We expect that in the long run investment in agriculture will
increase from both government and the private sectors. Increasing
investment in agriculture induced by higher food prices will raise
agricultural productivity, which will partly offset the rise in agri-
cultural prices from the expansion of the biofuels industry. Gov-
ernment should also consider the options to promote feedstock
crops which are less input-intensive, (sugarcane is highly water
intensive crop), in order to ease the pressure on competing crops
and reduce environmental externalities.

In conclusion, there will be some major effects of national bio-
fuels mandate on Pakistan’s economy. Therefore, the policy for
mandatory target of biofuels blending with fossil fuels in motor
vehicles is open to questions. The government has set out a policy
to blend 10% of biodiesel with conventional diesel in motor vehicle
fuel. Our analysis suggests that this is not a realistic target due to
two major reasons. One, we expect that the targeted energy secu-
rity would not be achieved. Because, in order to produce the re-
quired volumes of biodiesel, Pakistan will have to import more of
oilseeds crops, in addition to palm oil, which is used for culinary
purposes. Thus increasing its dependence on imported (feedstock)
fuels, rather than reducing it. There are some serious food-security
issues at stake too. Two, the country already has an emerging
industry for ethanol production, which uses domestic supply of
sugarcane (molasses) as feedstock. Although an ethanol blending
policy will not be totally free of risks such as, food-security of
the net-buyers, food self-sufficiency of the country, increased price
risks associated with volatile international markets in agriculture
and environmental consequences, among others. Adopting a policy
for ethanol blending, however, would be more beneficial due to
economic efficiency, enhanced energy security and higher employ-
ment opportunities created by expanding ethanol industry.

In the end, it is worth pointing out that this study is not de-
signed to assess the environmental consequences of expansion in
biofuels markets. We expect that expansion of feedstock crops will
also result in mono-crop systems that could have negative conse-
quences on the environment. We believe that the future research
in this field will also cover the environmental and energy-balance
impacts of biofuels. An analysis of environmental effects of Paki-
stan’s biofuels program will provide very valuable guide to assess
the sustainability of the program. The assessment of economic im-
pacts on Pakistan can also be improved if some kind of national
model is used to assess the impact on producers and consumers
of agricultural commodities. Before implementing a full-scale bio-
fuels program, detailed studies should be conducted on biofuel, in
terms of their production technology, use and impacts on environ-
ment and agriculture.
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Appendix A. Pakistan’s trade data in GTAP

Pakistan is gradually improving its international trade perfor-
mance. In GTAP data, the share of total trade (exports plus im-
ports) in GDP is 30% [26]. Pakistan’s exports are composed of
58% of textile and related products, 14.4% of miscellaneous man-
ufacturing articles and 9.7% of food, live animals and beverages.
The three largest markets for exported goods are EU, USA and
China. Machinery and transport equipment account for 33% of to-
tal imports in 2004. Other major commodity groups include
chemicals and related products, petroleum (products plus crude)
and food items respectively with 15.1%, 13.7% and 10.7% of total
imports. Pakistan, though agriculture based economy, is not self-
sufficient in most of the agricultural commodities, especially food
crops. The data on production, import, export, total consumption
and self-sufficiency of GTAP commodities for Pakistan is given in
Appendix (Table A1).

The main data used to prepare a Pakistan database for GTAP 7
was a 34-sector 2001–2002 Pakistan SAM prepared by Dorosh,
Niazi and Nazli [27]. Their data was based on various national
sources. The data representing Pakistan’s economy in version 7 of
GTAP Data Base is largely consistent with the trade statistics pro-
vided by the government of Pakistan in its economic survey.



Table A2
Impacts of biofuels scenarios on real price change of endowments of Pakistan;
compared with the reference scenario (%) in 2020.

Endowments P1 scenarioa P2 scenariob M1 scenarioc

Land 3 39.8 118.9
Unskilled labour 0.5 35.2 37.7
Skilled labour 0.3 32.3 34.1
Capital 0.1 39.5 36
Natural resources 10 15.5 406.4

Source: simulation results of the study.
a Only three producers (USA + EU + Brazil) produce biofuels to meet their policy

requirements.
b Three producers + Pakistan produce biofuels to meet their policy requirements.
c Three producers + Pakistan produce biofuels under high oil price and high

substitution elasticity between fossil fuels and biofuels.

474 T. Ali et al. / Applied Energy 104 (2013) 466–474
References

[1] Demirbas A. Political, economic and environmental impacts of biofuels: a
review. Appl Energy 2009;86:S108–17. http://dx.doi.org/10.1016/
j.apenergy.2009.04.036.

[2] deHoyos R, Medvedev D. Poverty effects of higher food prices: a global
perspective. World Bank Policy Research Working Paper 4887 2009.

[3] International Energy Agency (IEA). Biofuels for transport: an international
perspective. 75739 Paris Codex 15, France: OECD publishing; 2004.

[4] Fargione J, Hill J, Tillman D, Polasky D, Hawthorne P. Land clearing and the
biofuel carbon debt. Science 2008;319:1235–8.

[5] Searchinger T, Heimlich R, Houghton RA, Dong F, Elobeid A, et al. Use of U.S.
croplands for biofuels increases greenhouse gases through emissions from
land use change. Science 2008. www.sciencemag.org/cgi/content/full/
1151861/DC1.

[6] Alexander C, Hurt C. Biofuels and their impact on food prices. Purdue
University; 2007.

[7] Mitchell D. A note on rising food prices, policy research working paper 4862.
The World Bank, Developments Prospects Group, Washington, DC; 2008.

[8] Sheeran J. Testimony to the European Parliament Development Committee on
Behalf of the World Food Program. Brussels; 2008.

[9] Von Braun J. Rising food prices; what should be done? Policy brief.
Washington, DC: International Food Policy Research Institute; 2008.

[10] Anonymous. World Bank chief: biofuels boosting food prices. NPR, The World
Bank; 2008. <http://www.npr.org/templates/story/story.php?storyId=89545
855> (accessed 15.03.11).
[11] BNDES, CGEE (Orgs). Sugarcane-based bioethanol: energy for sustainable
development. Rio de Janeiro: BNDES; 2008.

[12] Hertel TW, Ivanic M, Preckel P, Cranfield J. The earnings effects of multilateral
trade liberalization: implications for poverty. World Bank Econ Rev
2004;18(2):205–36.

[13] Pakistan, Government of. Pakistan Energy Yearbook 2009. Hydrocarbon
Development Institute of Pakistan, Ministry of Petroleum and Natural
Recourses, Sector H-9/1, Islamabad; 2009.

[14] Pakistan, Government of. Alternate Energy Development Board (AEDB); 2009.
<http://www.aedb.org/> (accessed 12.12.10).

[15] Qiu H, Huang J, Yang J, Rozelle S, Zhang Y. Bioethanol development in China
and the potential impacts on its agricultural economy. Appl Energy
2010;87:76–83.

[16] Yang J, Huang J, Qiu H, Rozelle S, Sombilla M. Biofuels and the Greater Mekong
Subregion: assessing the impact on prices, production and trade. Appl Energy
2009;86:37–46.

[17] Huang JK, Hu RF, Meij H, Tongerenc F. Biotechnology boosts to crop
productivity in China: trade and welfare implications. J Dev Econ 2004;
75(1):27–54.

[18] Brockmeier M, Pelikan J. Agricultural market access: a moving target in the
WTO negotiations? Food Policy 2008;33(3):250–9;
USDA. The economic feasibility of ethanol production from sugar in the United
States. US Department of Agriculture; 2006.

[19] Tiffany DG, Eidman VR. Factors associated with success of ethanol producers.
Department of Applied Economics, University of Minnesota, Staff Paper
2003:03–7.

[20] Geller HS. Ethanol fuel from sugar cane in Brazil. Ann Rev Energy 1985;
10:135–64.

[21] Organisation for Economic Co-Operation and Development (OECD).
Agricultural market impacts of future growth in the production of biofuels.
OECD, AGR//CA/APM (2005) 24/FINAL; 2006.

[22] Haas MJ, McAloon AJ, Yee WC, Foglia TF. A process model to estimate biodiesel
production costs. Bio-resour Technol 2005;97:671–8.

[23] Burniaux JM, Truong TP. GTAP-E: an energy-environmental version of the
GTAP model. GTAP technical paper no.16. Center for Global Trade Analysis,
Purdue University, West Lafayette, Indiana; 2002.

[24] IEA (The International Energy Agency). World energy outlook 2006. 75739
Paris Cedex 15, France: OECD Publishing; 2006.

[25] Hertel TW, Tyner WE, Birur DK. Biofuel for all? Understanding the global
impacts of multinational mandates. GTAP technical paper no. 51. Center for
Global Trade Analysis, Purdue University, West Lafayette, Indiana; 2008.

[26] Pakistan, Government of. Economic Survey of Pakistan, 2004–2005. Economic
Adviser’s Wing, Finance Division, Islamabad; 2005.

[27] Dorosh P, Niazi MK, Nazli H. Distributional impacts of agricultural growth in
Pakistan: A multiplier analysis. Mimeo; 2005 [describes SAM].

http://dx.doi.org/10.1016/j.apenergy.2009.04.036
http://dx.doi.org/10.1016/j.apenergy.2009.04.036
http://www.npr.org/templates/story/story.php?storyId=89545855
http://www.npr.org/templates/story/story.php?storyId=89545855
http://www.aedb.org/

	Impact assessment of global and national biofuels developments on agriculture  in Pakistan
	1 Introduction
	2 Data, model and scenarios
	3 Development of scenarios
	3.1 Reference scenario (P0)
	3.2 Policy scenario (P1)
	3.3 Policy scenario-II (P2)
	3.4 Market scenario (M1)

	4 Results and discussion
	4.1 Impacts on prices of agricultural commodities in Pakistan
	4.2 Impacts on production of agricultural commodities in Pakistan
	4.3 Impacts on trade of agricultural commodities in Pakistan

	5 Conclusion
	Acknowledgements
	Appendix A Pakistan’s trade data in GTAP
	References


