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Abstract: This study presents analysis of the current status of energy demand of agriculture sector of Punjab,
which is associated with agricultural inputs and farm operations. It also included past trends and future
scenarios in order to reduce the future energy demand. A computer based software called Long Range Energy
Alternatives Planning System (LEAP) is used to estimate total energy demand of agriculture sector for the base
year 2000 and extrapolate till 2030 for the future predictions. All available energy consumption data have been
collected and input in to the model to develop scenarios. Initially, a reference scenario was created based on
the current energy situation. It is “Business-as-usual” scenario and two alternative scenarios (Moderate
improvement and Accelerated growth scenario) were formulated to predict future energy demand of agriculture
sector of Punjab. The calculations showed that energy demand of agriculture sector of Punjab in moderate
improvement scenario and accelerated growth scenario would increase from 4.28% and 10.7% in 2010 to 23.8%
and 52.3% in 2030 respectively. Sustainable agricultural practices could be used to meet the accelerated growth
targets with reduced energy demand.
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INTRODUCTION agriculture anticipated and met, then a potential roadblock

Pakistan is basically an agricultural country and thus agricultural production could then stimulate rural and
agriculture is the 'backbone' of the economy and the overall economic development. The objective of food
mainstay of our national economic life. It contributes security could come closer to reality and exports of
about 25% to the GDP, employs about 50 % of the total agriculturally-based products could improve the regional
labour-force, provides livelihood directly to 70 % of the trade balance [2].
rural population and earns about 60 % of the total value Energy in the recent past has evolved as a strategic
of exports. But unfortunately, the backbone is aching commodity and being the life-line of the industrialized
badly under the pressure on soil discordance and natural economies.  It  has  become  a  focus of interest in the
calamities. Punjab is Pakistan's second largest province geo-politics of the globe. Due to the major incidences of
with an area of 205,344 km  (79,284 Square miles) after the oil price shocks in the 1970s energy security issues2

Balochistan and has a rich and vast natural resource base, became a vital consideration in the national security
covering various ecological and climatic zones, hence it policies and a system based integrated approach replaced
has great potential for producing all types of food the traditional practices. Numerous energy models of
commodities [1]. different kinds were developed at institutional and

The reliable supply of energy is one of many national levels in the developed world and used for
important requirements for significant growth in analysis of the long term strategic options [3].
Pakistan’s agricultural productivity. For farmers in most Due to inherent complexities of a national energy
developing countries, access to fuels or electricity for system energy models required expensive institutional
farm operations or crop processing is limited and costly. setups and main frame computer systems. The modeling
If access can be improved and energy needs for practices, therefore, remained limited to rich developed

to agricultural growth can be avoided. Rapid growth in
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nations for quite some time, however with the recent Three scenarios were built to predict future energy
enhancements in the capabilities of the personal
computers and the dissemination of knowledge through
web; the developing nations have also entered the energy
modeling-based research and planning.

In present study energy model LEAP was used to
predict the future energy requirements of agriculture
sector of Punjab. LEAP has had a significant impact in
shaping  energy and environmental polices worldwide.
For example  in California (2001) LEAP was used for
energy  forecasting  and identifying alternative fuels [4].
In Mexico it was used to determine the feasibility of future
scenarios based on moderate and high use of biofuels in
the transportation and electricity generation sectors [5].
In Lebanon mitigation options were assessed to reduce
emissions from electricity generation with emphasis on
the  usage  of  renewable energy  resources  [6].  The
energy consumption and various types of emissions in
consumption sectors in Iran were analyzed by using
LEAP model [7]. Up till now LEAP had been successfully
used in more than 150 countries worldwide for different
purposes.

Keeping   in    view    the    importance    of   energy
for  agriculture  growth  of  Punjab  the  study  was
confined  to collect and document the energy
requirements associated with field activities and
agricultural inputs. The present study was aimed to
document the future energy requirements of Punjab’s
agriculture sector.

MATERIALS AND METHODS

The methodology for preparing the scenario analyses
involved  several  elements. In summary, a bottom-up,
end-use approach was applied to develop a set of
scenarios. The energy demand profiles and scenarios
were assembled using spreadsheets and a flexible,
computerized framework (LEAP). Structure of analysis
using LEAP is shown in Figure (1).

requirements these include Business-as-usual scenario,
which is a reference scenario and two alternative
scenarios which include Moderate improvement and
Accelerated growth scenario. Another scenario
Sustainable agriculture was also formulated to decrease
future energy demand, but this was not quantified.

Reference or Business-as-usual Scenario:

Continuation of past trends, no surprises or major
shift.
1%/year growth in agricultural production, on
average.
Growth in non-agricultural sectors drawn from other
analyses.

Moderate Improvement Scenario:

Moderate improvement in agriculture production./
2%/year growth in agricultural production.

Accelerated Growth Scenario:

Rapid growth in both food and non-food crop
production.
3%/year growth in agricultural production, most
crops.
Emphasis on high-input, conventional farming
techniques.

Sustainable Agriculture (Not Quantified):

Same targets as Accelerated Growth scenario.
Utilization of more sustainable farming practices to
minimize environmental impacts, external inputs and
farmer risk (e.g. integrated pest management, reduced
or no tillage, agro-forestry, recycling of agricultural
residues, biological nitrogen fixation).
Investment in cost-effective energy-efficiency
improvements.

Fig. 1: Structure of analysis using LEAP
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RESULTS

The present study was carried out for forecasting the
possible ailments which the agriculture sector of Punjab
may came across in coming future. Imagining the future is
a challenging task. One method widely used to foresee the
future consists of setting a baseline, usually a business-
as-usual scenario and then evaluating alternative
strategies by comparing them to that baseline. Hence
study also followed the essence of this strategy.

The growth performance of agriculture over the last
six years  has  been  of  a  volatile  nature  ranging  from
1.5 percent to 6.5 percent (Table 1). The volatility in
agricultural growth was mainly caused by crop sector
which was associated with the differences of land nature,
pest  attacks,  impure  or inappropriate pesticides etc.
Such volatility is detrimental to income growth of farmers
and hampers government efforts to reduce poverty.

In  this  study  year 2000 was selected as the base
year  and  business-as-usual scenario was selected as
base scenario. Cultivated area under major crops in base
year  (2000)  shown in Figure (2). In the Reference
Scenario, future area under cultivation was based on a
continuation of recent trends. During the last two
decades, cultivated area had increased gradually. By
extrapolating these trends, cultivated areas were projected
to 2030. The area under wheat cultivation increased from
6,000 hectares in 2000 to 7,000 hectares in 2030. Since total
cultivated area by major crops stayed roughly constant
over this time period, there was no assumed change in
total cultivated area.

Table 1: Agriculture growth (% age) for Pakistan

Year Agriculture Major Crops Minor Crops

2002-03 4.1 6.8 1.9
2003-04 2.4 1.7 3.9
2004-05 6.5 17.7 1.5
2005-06 6.3 -3.9 0.4
2006-07 3.7 8.3 -1.3
2007-08 1.5 -3.0 4.9
Average 4.1 4.6 1.9

All scenarios were compared to Base (BAU) scenario
and their potentials for increasing agricultural production
were examined. Cultivated area in base (BAU) scenario
was 14 thousand hectares in 2030 while in moderate
improvement  scenario  and  accelerated  growth  scenario
it was about 18 and 22 thousand hectares in 2030
respectively (Figure 3).

Crop yield per hectare in BAU scenario was 75
thousand kg in 2030 while in moderate improvement
scenario  and  accelerated  growth  scenario  it  was  about
95 and  115  thousand  kilograms  in  2030 respectively
(Figure 4).

Fertilizer is one of the key inputs to increase
agricultural production. Balanced usage of fertilizer helps
in increasing crop yield from 30 to 60 percent in different
regions  of  the  country. Almost the entire available soil
in  the  country  was  assumed  to  be nutrient deficient.
To overcome the problem of nutrient deficiency, use of
nutrient fertilizer became vital for achieving the higher
agricultural production. The seasonal consumption of
fertilizer is shown in Table (2).

Fig. 2: Major crops cultivated area in year 2000



World Appl. Sci. J., 8 (7): 833-838, 2010

836

Fig. 3: Comparison of cultivated area by different scenarios developed by LEAP

Fig. 4: Major crops yield (per hectare) by comparing different scenarios

Fig. 5: Percent share of fuel consumption in agriculture sector
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Fig. 6: Comparison of different scenarios (Fuel consumption)

Table 2: Season-wise consumption of fertilizer

Kharif Rabi
-------------------------------------- -------------------------------------

Year N P K All N P K All

1997-98 981 153 7 1141 1089 13 13 1461
1998-99 987 201 6 1194 1070 15 15 1348
1999-00 1075 217 8 1300 1133 362 10 1504
2000-01 1134 311 9 1454 1211 360 14 1585
2001-02 1049 329 8 1386 1111 295 9 1415
2002-03 1117 258 9 1384 1201 422 12 1635

Electricity  consumption  in  agriculture  sector in
2000 was about 260 thousand TOE while oil consumption
was about 180 thousand TOE (Figure 5). Hence the rapid
increase in population would result in massive increase in
electricity consumption for agricultural practices.

Mainly electricity and fuel oil used in agriculture
sector to meet the demands of energy. Fuel consumption
in BAU scenario was about 2100 thousand tonnes in 2030
while in moderate improvement and accelerated growth
scenarios it was assumed to be about 2,600 and 3,200
thousand tonnes (Figure 6).

DISCUSSIONS

In most of the developing countries, the energy
problems being addressed are countering the high
dependence on traditional sources of energy which
supply more than 90% of total energy used causing rapid
deforestation, decreasing soil fertility, etc. Thus a large
amount of information is required to describe their
relationships and several tools are necessary to analyze
and to achieve a variety of results that are needed for the

planning process. For this purpose energy models could
be used for the efficient energy planning, forecasting and
optimization of energy sources [8].

Pakistan had experienced a large increase in
population over the past five decades. The population
growth rate averaged around 2.5% per year for rural areas
and around 3.5% per year for urban areas [9], while
agriculture growth of Pakistan in 2000 was 4.1% which has
decreased to 3.7 and 1.5% in 2007 and 2008 respectively
(Table 1). That’s why per capita food production grows
only  slightly,  due   to  rapid   population  expansion
(2.6% per year). Conditions can be worse in Pakistan than
predicted in model if appropriate steps may not be taken.

Electricity use tends to be more cost effective and
efficient than diesel for irrigation pumping, but its use is
limited due to the lack of available low-cost electricity and
grid connections. The results of analysis showed that
energy demand of agriculture sector of Punjab in
moderate  improvement  scenario would increase by
4.28%, 8.3% and 23.8% in 2010, 2020 and 2030 respectively
(Table 3).

The comparison showed that the fuel consumption in
agriculture sector of Punjab in accelerated growth
scenario increases from 10.7%, 20.8% and 52.3% in 2010,
2020 and 2030 respectively (Table 4). These study
scenarios focused primarily on the consumption of fuels
and electricity in agricultural and agriculture related
activities. Similar study was conducted in Ethiopia and it
was found that energy demand of agriculture increase
from 6% in 2000 to 24% in 2030 [10].

Fuel   switching   and   alternative   fuels   could   help
to meet increased agricultural energy requirements.
Agriculture sector of Pakistan has the potential to become
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Table 3: Energy Demand of Pakistan between 2000 and 2030 in TOE
Energy demand results, fuel consumption

Years
----------------------------------------------------------------------------------------------------------------------------------------------

Scenarios 2000 2005 2010 2015 2020 2025 2030
Reference 400 500 700 880 1200 1600 2100
Moderated Improvement scenario 400 500 730 920 1300 1800 2600
Increase 0 0 30 40 100 200 500
% of increase 0 0 4.28 4.54 8.3 12.5 23.8

Table 4: Energy Demand of Pakistan between 2000 and 2030 in TOE
Energy demand results, fuel consumption

Years
------------------------------------------------------------------------------------------------------------------------------------------------

Scenarios 2000 2005 2010 2015 2020 2025 2030
Reference 400 500 700 880 1200 1600 2100
Accelerated Growth scenario 400 500 775 980 1450 2200 3200
Increase 0 0 75 100 250 600 1100
% of increase 0 0 10.7 11.3 20.8 37.5 52.3

a  major  source  of bioenergy supply, providing liquid 3. Mukhtar, H.S. and H.Q. Arshad, 2006. Energy
fuel substitutes, diesel and feed stocks for electricity
production and solid fuels for crop curing and drying. In
addition, improvements in wind and solar technologies
have  made  them  cost competitive for power generation
in many  remote  areas,  offering  the means to increase
small-scale irrigation [11]. These potentials were not
considered here, but future energy requirements for the
agricultural sector could and probably should, be met
from a broader array of energy resources.

CONCLUSION

The present study viewed how fast energy needs
might grow under conditions of both limited and rapid
growth in Punjab’s agricultural production using LEAP
model. These scenarios depict possible levels of
agricultural activity and their energy use implications
through the year 2030. Hence fuel switching and
alternative fuels could help to meet increased agricultural
energy requirements. So sustainable agriculture scenario
is the best choice to minimize environmental impacts and
external inputs.
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