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Abstract: Nepal is a developing country with huge potential of investment in agriculture, cement and hydropower sector.
Industrial development in Nepal is at a pre-mature state and requires lot of technical and financial investment. Cement industry
is one of the potential industries to grow in the future, mainly because of the reserved limestone and increasing developmental
activities. This study analyzed the energy and environmental implications of implementing best available technologies in
cement industries of Nepal by using Long-rand Energy Alternatives Planning system (LEAP) framework. Production capacity
of cement in 2014 is estimated to be 2.46 million MT which is expected reach 25.41 million MT by 2030. The final energy
demand for the base year, 2014 is 5.4 PJ. It would increase to 13.69 PJ, 16.91 PJ and 25.67 PJ in 2030, under normal (BAU),
medium growth (MG) and high growth (HG) scenarios respectively. Compared to the BAU scenario, the cumulative energy
demand would increase by 21.46% for MG scenario and 78.00% for HG scenario during 2014 to 2030. The CO, emission for
the base year 2014 is estimated to be 365.40 thousand MT. It would increase to 1,540.70 thousand MT, 2,292.90 thousand MT
and 4105.60 thousand MT in 2030, under BAU, MG and HG, respectively. Compared to the BAU scenario the cumulative CO,
emission would grow as high as 78.06% under HG scenario. This indicates the need for introducing the energy efficient and
low carbon technologies to address the issues related to energy supply security and environmental degradation. This study also
analyzed the three policy intervention scenarios consisting of introduction of efficient technology (EFF) scenario, CO,
emission mitigation (MIT) scenario and waste heat recovery for power generation (WHRPG) scenario. Under EFF scenario,
the cumulative energy consumption would decrease by 11.67% during 2014 to 2030 as compared to the BAU scenario.
Likewise, CO, emission would decrease by 33.64% under MIT scenario as compared to the BAU. Under WHRPG scenario,
there would be cumulative electricity generation of 1,446.31 GWh worth NRs. 9.11 billion as compared to the BAU scenario
during the study period. This study also indicates the need of formulating appropriate energy efficiency and climate change
related policies of the country.

Keywords: Energy, Environment, Efficiency, Cement Industry, Modeling, Alternative Fuels, Waste Heat Recovery

appropriate framework for addressing future energy security
along with issues related to greenhouse gas (GHG) emissions
and climate change.

Nepal is a developing country with huge potential of
investment in the sectors like agriculture, cement and
hydropower. Industrial development in Nepal is at a pre-
mature state and requires lot of technical and financial
investment. Cement industry is one of the potential industries
to grow in the future, mainly because of the availability of
untapped limestone and increasing developmental activities.

1. Introduction

Industries, considered as backbone of the national
development, are facing different energy related problems at
present in Nepal. Industrial sectors in the country account for
3.3% (13369.8 TJ) of the total primary energy demand, after
residential sector and transport sector in 2010 [1]. However,
due to the energy crisis, the energy demand has not been
adequately fulfilled. Hence, it is necessary to develop
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Lime deposits totaling 1.07 billion tons comprising 540
million tons of proven, 110 million tons of semi-proven and
420 million tons of feasible limestone deposits have been
discovered in different areas of the country. A total of 13
cement industries with 8,450 ton per day capacity have been
established and are in operation using those limestone as raw
materials, while 10 cement industries are under construction
[2]. Moreover, development activities and commercialization
would make a greater impact on the demand of cement in the
domestic market.

Also, around 26 clinker grinding industries are operating
throughout the country. The grinding industries rely on the
domestic and imported clinker, as raw material. For the past
four years (2009 to 2012) the cumulative clinker import was
around 5 million MT worth around NRs. 30 billion [3]. A
total of 7 rotary plant and 9 VSK plants are in operation.

2. Literature Review

With the increasing concern toward energy security and
environment issues, new technologies have been introduced
and conceived in different energy intensive industries
especially in the developed countries. Being an energy
intensive industry there are numerous areas for increasing
energy efficiency and reducing environmental emissions.

2.1. Cement Manufacturing Process

Cement manufacturing include intensive process with
throughput at different stages of raw material processing.
Raw materials should be mixed precisely to manufacture
cement. Cement manufacturing includes first the production
of clinker from the raw mix composed of mined limestone,
iron ore, bauxite, clay and coal. The cement clinker requires
appropriate amount of compositions of the elements calcium,
silicon, aluminum and iron. All these raw materials together
with the fuel ash must be combined to form the typical
clinker composition as shown in Table 1.

Table 1. Composition of dry cement manufacturing process [4].

Elements Composition (%)
CaO 65+3

Si0, 21+2

ALO; 5+1.5

FeO; 3+1

In dry cement manufacturing process, which uses nearly
dry raw mix containing less than 20% moisture by mass.
However, in a wet process, water is added to the raw mix to
form slurry and then is transported to the kiln. Raw meals are
grounded, blended, pre-calcined, and burned in
manufacturing cement.

In a cement manufacturing process, limestone and
calcium, silicon, aluminum and iron oxides are crushed and
then milled into a raw meal. This raw meal is blended in

blending silos and is then heated in the pre-heating system.
This will dissociate carbonate to calcium oxide and carbon
dioxide. A secondary fuel is supplied to the preheating
system so that temperature is sufficiently high. The meal then
passed through the kiln for heating. Then a reaction takes
place between calcium-oxide and other elements. This
reaction will produce calcium silicates and aluminates at
about 1500°C. Primary fuel is used to keep the temperature
high enough in the burning zone for the chemical reactions to
take place. A nodular product named clinker is produced and
then allowed to leave the kiln. The clinker will be inter-
ground with gypsum, limestone and/or ashes to a finer
product called cement [4].

2.2. Energy Consumption in Cement Industries

Cement production is an energy intensive industry. Energy
utilization in cement production accounts for 50-60% of the
total production costs [5]. Thermal energy accounts for about
20-25% of the cement production cost [6]. The typical
electrical energy consumption of a modern cement plant is
about 110-120 kWh per ton of cement [7]. The main thermal
energy is used during the clinker making process, while
electrical energy issued for cement grinding and other
auxiliaries [8]. Fig. 1 shows electrical and thermal energy
flow in a cement manufacturing process.
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Figure 1. Energy Distribution among Cement Manufacturing Equipment.
2.3. Energy Analysis and Modeling in Cement Industries

Demand for cement depends on various socio-economic
parameters. Cement production in China has been studied as
a function of GDP growth, cement consumption per capita,
non linear effect and saturation effect [9]. Similarly, study in
Iran has verified the impacts of population and GDP growth
on cement demand and production over the next 20 years
[10]. Long-range Energy Alternative Planning system
(LEAP) Framework has been extensively used to study the
impact of various policies on the reduction of CO, emission
in Chinese [9] and Iranian [11] cement industries.

Lawrence Berkeley National Laboratory (LBNL) has
developed a guidebook which contains different energy
efficiency improvement technologies and measures which are
commercially available for the cement industries throughout
the world [12]. Likewise, Madlool et. al [4] have reviewed
the different energy efficiency technologies used in cement
industries.
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Different energy analysis techniques have been employed
in industrial energy system modeling. Modeling techniques
like decomposition of energy trends, econometric methods,
and 'top-down' models, 'bottom-up' models and industry-
specific micro-economic analyses are common in analyses of
industrial energy [13]. The bottom-up CO, abatement cost
curve (ACC) model was used for the Thai cement industry to
determine the potentials and costs of CO, abatement, taking
into account the costs and CO, abatement of different
technologies. Different 41 CO, abatement technologies and
measures for the cement industry were analyzed for cement
industries in Thailand [14].

Ref. [15] developed an optimization model for CO,
reduction in cement production process. The economic model
on the basis of best selection strategy with the least cost was
analyzed for a cement industry and found that up to 23.6%
reduction in CO, emission per ton of cement can be
achieved. Ref. [16] analyzed the co-benefit of change in local
air pollutants emission while introducing CO, mitigating
technologies and goals in the cement industries of China by
using bottom up optimization model. Similarly energy
efficiency improvement and CO, reduction potential through
the use of 22 energy efficiency measures were studied for
India by using forward looking bottom-up Conservation
Supply Cure (CSC) model [17]. A statistical approach has
been used for finding the relationship between kiln
parameters with clinker quality for Spanish cement factory
and found that a decrease in the kiln Sintering Temperature
(standardized at 50°C) yielded produced the same level of
quality in the final product, thus paving the way for reduction
in petroleum coke consumption and reduction in CO,
emissions [18].

2.4. Use of Alternative Fuels and Generation of Electricity
in Cement Industries

In 2009, International Energy Agency, estimates the CO,
emissions from cement production to be about 5% of the total
global anthropogenic CO, emissions [19]. Different
alternative fuel, used for thermal energy, emitting lesser
GHGs are been recommended for the cement production.
Alternative fuels being used in the cement industries can be
classified as solid, liquid or gaseous state [20].

Energy intensive industries like cement release huge
amount of low grade heat as a result of heat treatment and
clinker burning. As a result, the exit heat, at a temperature
lower than 400°C, is released as waste from the clinker
cooler and pre-heater. The waste heat being released in the
environment can be utilized in a cogeneration power plant
established in the plant facility [21]. Different researches and
studies have concluded that the waste heat can be re-used to
generate electric energy, basically known as Waste Heat
Recovery for Power Generation (WHRPG). WHRPG has
been implemented in cement industries throughout the globe
along with CDM program. The various cement capacity
establishment in India [22], Thailand [23] and [24] have been
benefited through the CDM projects.

3. Methodology
3.1. Data Collection

Detailed data collection questionnaire were developed
and used to collect information on cement production and
energy use from the surveyed plants (5 rotary plants, 4 shaft
kiln and 12 clinker based plant). Similarly, the data from the
baseline study of cement industry for grinding and clinker
manufacturing were also used in the study [25]. The
baseline study, conducted by GIZ, includes the study in 26
cement industries, and intends to increase the efficiency
level of the industries by implementing different efficiency
improvement measures. Hence, the compilation of the
primary and survey data encompasses around 86% of
cement production in Nepal.

The data forms requested for specific information on the
plant lines, their age, their clinker and cement-making
capacity, and annual data of clinker and cement productions.
The energy consumption sheet were developed for important
processes like raw quarrying, raw material grinding, additive
processing, pyro-processing and clinker cooling, cement
grinding and auxiliaries. Similarly, the questionnaire also
requested for the information on the implementation of the
recent available best practice technologies, as found in
different literature. Table 2 shows the fuel consumption for
the year 2010/11. Thermal energy was basically generated
from coal bituminous and petroleum coke. Coal bituminous
is used in pyro-processing of rotary kiln and petroleum coke
in vertical shaft kiln technology. Electricity comprises the
grid electricity and electricity generated by on-site diesel
generators. Diesel generators produce around 26% of
electricity in the base year. Likewise the clinker to cement
ratio is found to be 0.88.

Table 2. Year 2010/11 Fuel Consumption in Cement Industries [25].

Fuel Type Consumption
Coal (GJ) 3,836,603
Electricity (GWh) 168

3.2. Benchmarking and Energy-Saving Potential

Benchmarking is a commonly used term that generally
means comparing a defined characteristic of one facility to
other facilities or other 'benchmarks'. This study focuses in
the energy consumption benchmarking with the international
best practice. Different international energy benchmarks are
considered as found in literature [4, 12, 26] and the reference
from BEST-Cement'. A spread sheet model is generated and
domestic energy consumption is compared with the
international best practice using and energy intensity index
(EID), calculated on the basis of facility's energy intensity and
the benchmark energy intensity, as in Eq. (1) [27].

1 BEST-Cement is the cement industry energy benchmarking software package
developed for China by Lawrence Berkeley National Laboratory. It can be
downloaded from: http://china.lbl.gov/research/industry /benchmarking/best-
cement/best-cement-china.
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Z?=1 Pi+El;
YL, Pi*Eligp

EII = 100 =100 2ot (1)

XL, PiElipp
where:

Ell=energy intensity index.

n=number of products to be aggregated,

El=actual energy intensity for product i;

EIL pp = best practice energy intensity for product.

P; = production quantity for product i.

E,.= total actual energy consumption for all products.

The EII is one of benchmarking method which performs
analysis by comparing the production intensity of the facility
to the benchmark or reference intensity. The international
benchmark will have an EII of 100. In reality, plant facilities
will have EII greater than 100, which shows the potential
saving opportunities.

Table 3. Fuel Energy Intensity at Base Year and Projected Years.

Final energy intensity by technology

Scenario Technology (GJ/tclinker)
2011 20147 2015 2020 2030
Base C Rotary Kiln 454 454 454 454 454
ase Lase ShaftKiln ~ 7.89  7.89 789 789  7.89
. RotaryKiln 454 454 36 34 34
Bhierengy ShaftKiln ~ 7.89  7.89 789 0 0
. RotaryKiln 454 454 36 34 34
BestPractice o Kiln 789 789 789 0 0

3.3. Demand Forecast

The historical cement production data have been collected
from the economic survey 2014/15 [2]. The data presented in
the economic survey report do not seem to present correct
data. Even the total production of the visited industries is
more than the data presented. Hence, regression analysis is
used to determine the actual demand of cement.

The end-use demand of cement is estimated using the
following equation, as mentioned in different literatures [28,
29, 30].

B
VA
ESDcement,t = (ﬂi) X ESDcement,O 2

where,

ESD cement, t = €nd use service demand in year t for cement
sector,

VA= GDP value added in the cement sector in year t,

B = sectoral value added elasticity of demand for cement
industry,

The future growth of GDP is forecasted using the
regression model from the data available from various
sources. The GDP growth rate is calculated at low growth
rate which is considered to be 4.45% per year. Similarly,
GDP growth rate for medium and high growth rate are
considered to be 5.5% and 7.5% respectively. The forecasted
GDP growth rate is used to generate the future growth rate of
value addition of manufacturing sector. The sectoral value
added elasticity for cement sector is calculated using

2 Calculated from the primary data

historical data of service demand and GDP value addition in
Eq. (2). The end-use cement demand, in the base year is
considered to be the cement demanded by the domestic
market which is fulfilled by production within the country.
Unauthorized expertise opinion claims that this demand is
just enough to meet around 50 percent of total domestic
demand.

Twenty year historical data from 1990 to 2014 for national
level cement demand [2] and manufacturing value addition
(constant 2005 US$) [31] are obtained from various
sources. The elasticity of demand for cement industry was
determined to be 2.16, which is comparable to the one
found in literature [28]. Year 2014 estimates production
capacity of cement being 2.46 million metric ton which is
expected to reach 10.37 million MT in 2030, with a
cumulative cement demand of 96.00 million MT, from 2015
to 2030 in normal (BAU) growth rate scenario. Similarly,
the cement demand would rise to 14.88 million MT in 2030
with cumulative demand of 117.14 million MT, in Medium
Growth (MQG) rate scenario. In case of high growth (HG)
rate scenario, the cement demand rises from 2.46 million
MT in 2014 to 25.41 million MT, with cumulative of
172.90 million MT. The historical and future cement
demand is shown in Fig. 2.
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25000 - —e— Medium Growth rate

—a— Low Growth

20000 -

15000 -
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10000
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Figure 2. Historical and Forecasted Cement Demand Projection (1990-
2030).

Since the total cummulative cement production in fifteen
years accounts for 9%, 11% and 16% of the total limestone
reserved, in normal, medium and high growth, respectively.
Hence, the elastic growth is considered valid and is used in
the modeling and scenario analysis.

3.4. Scenario Assumption

The Long-range Energy Alternatives Planning system
(LEAP)’ modeling framework is used for the scenario based
modeling and analysis of potential energy savings and CO,
emissions reduction. The scenarios have been projected up to

3 LEAP is a scenario-based energy-environment modeling tool of which scenarios
are based on "comprehensive accounting of how energy is consumed converted
and produced" [34]
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2030. To analyze the impact of different energy efficiency and
carbon reduction measures and policies, three scenarios are
constructed consisting of Business as Usual (BAU) scenario,
Energy Efficiency (EFF) scenario and GHG Mitigation (MIT)
scenario. Scenarios have been defined on the basis of various
national and international level goals and targets [19].

The BAU scenario has been considered as reference
scenario without any policy intervention for energy
efficiency improvement and GHG mitigation. The efficiency
scenario is constructed with the objective to observe the
energy consumption pattern with energy efficiency measure
determined by benchmarking. On the contrary, Mitigation
scenario observes the effect on GHG emission due to the
inclusion of energy efficiency measures, use of alternative
fuel and reduction of clinker to cement.

An average of 36 kWh of electricity can be produced per
MT clinker through WHR power generation [9]. The
electricity generation through WHR is calculated to forecast
the electricity produced by the cement industries. Electricity
production is assumed to be utilized by the industries so as to
reduce the dependency on electricity supplied from the grid
supply.

The average emission factor of 73.3 ton CO, per TJ for
alternative fuels is assumed, which indicates the use of
alternative fuel could reduce about 23% of overall CO,
emissions as compared to burning bituminous coal of which
assumed emission factor is 94.5 ton CO, per TJ [32]. The
cement process emission is calculated as 0.547 ton CO, per
clinker production [33].

3.5. General Assumption and Base Year

The following were the assumptions for the reference case
(BAU) scenario

* The base year is considered to be 2014.

* The major energy intensive fuels like electricity from
grid and diesel gen-sets were considered for electrical
energy.

* Furnace oil and Coal bituminous or coke is considered
for thermal energy.

* The calculated value of final energy demand in the base
year 2014 is 5.42 PJ.

3.6. Growth Scenario

Growth scenario is created to access the energy
consumption and environment emission in various growth
rate of cement demand. The cement demand was determined
in different growth scenarios as found out by the Eq. (2). The
growth scenario is simply the representation of baseline
scenario (i.e. 2014) projected up to 2030. This scenario does
not incorporate efficiency improvement and emission
reduction measures.

Growth scenario is categorized as Business as Usual,
Medium Growth and High Growth. Each scenario
resembles the energy consumption and environment
emission at 4.45%, 5.5% and 7.45% growth rate of GDP
(constant 2005 USS$). Also, the Clinker to Cement (CC)

ratio is assumed to be reduced from 0.88 in 2014 to 0.75 by
2030 [19], for all scenarios.

3.7. Efficiency Scenario

Efficiency (EFF) scenario is constructed to access the
potential in reduction of energy consumption and emission
by implementing the efficiency improvement measures.

This scenario presumes the efficiency improvement of
cement industries by the implication of efficiency measures
and reaches the best practice value of specific energy
intensity. At present, different energy efficiency programs are
being carried out in cement industries, with assistances from
different national and international organization. Hence, it is
assumed that efficiency programs will also be made viable in
future; ultimately bring the efficiency to international best
practice standard. Also, in future, new commissioning
industries are assumed to be installed with the basic
amenities of standard best practice values. It is therefore,
plausible to assume that the best practice values of specific
electrical energy and specific thermal energy would reach the
international standard value with the succession of time.
Table 4 and 5 shows the assumed gradual efficiency
improvement in Specific Energy Consumption (SEC) fuel. In
the efficiency scenario, the shaft kiln technology has been
considered to be phased out by 2020, due to its low
production volume and quality.

Since, there are three growth scenarios, corresponding to
each growth scenario there will be an efficient scenario.
Hence, three efficiency scenarios corresponding to three
growth rates are considered.

Table 4. Assumed efficiency improvement in SEC (fiel energy).

Final energy intensity by technology

Scenario Technology (GJ/MT clinker)
2014 2020 2025 2030
. Rotary Kiln 4.54 4.0 3.6 3.4
Efficiency  gpf Kiln 7.9 79 0 0

Table 5. Assumed efficiency improvement in SEC (electricity).

Final energy intensity by

Scenario Technology technology (kKWh/MT cement)
2014 2020 2030
Rotary Kiln 125.5 90 90
Efficiency Shaft Kiln 2142 0 0
Clinker Based 48.68 35 35

3.8. Mitigation Scenario

CO, Mitigation (MIT) scenario analyzes the effect of
substituting coal by alternative fuel in cement industries and
also the penetration of waste heat recovery for power
generation. This scenario considers all the efficiency measures,
aforementioned in section 3.7. This scenario is developed with
the opined objective of curtailing emission from cement
industries, as targeted in the international level [19].

Table 6, 7 and 8 shows the penetration of alternative fuel,
Waste Heat Recovery for Power Generation (WHRPG) and
fuel efficiency. The penetration of WHRPG and alternative
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fuel is not considered in Growth and Efficiency scenario.

Table 6. Assumed penetration of alternative fuels (in % of coal substitution,).

Scenario 2014 2015 2020 2025 2030

MIT 0 1 5 11 21

Table 7. Assumed Penetration of Waste Heat Recovery for Power Generation
(% of clinker production).

Scenario 2014 2020 2025 2030

MIT 0 20 60 100

Table 8. Fuel energy intensity at Base Year and Projected Years.

Final energy intensity by technology

Scenario(s) Technology (GJ/t clinker)
2014* 2015 2020 2030
BAU, MG Rotary Kiln 4.54 4.54 4.54 4.54
and HG Shaft Kiln 7.9 7.9 7.9 7.9
MIT Rotary Kiln 4.54 4.0 3.6 3.4
Shaft Kiln 7.9 7.9 N/A N/A
4. Result and Analysis

4.1. Benchmarking Result

The domestic benchmarking of the rotary kiln technology
has been performed and the template generated incorporates
different process flow of the cement industry. Special focuses
were given to the rotary kiln technology. Since, all plant do
not produce cement the energy per unit clinker basis is
formulated.
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Figure 4. Electricity Intensity in surveyed plant.

4 Calculated from the primary data

The difference between the actual plant and its
corresponding  best-practice technology illustrates the
technical potential for energy improvement. In order to
compare the 5 plants, an energy intensity index (Eq. 1) is
used to illustrate the distance between best practice and the
plants improvement opportunity.

5

N w £y

=

Fuel Intensity GI/MT clinker)

1 2 plant 3 4 5

Figure 5. Fuel Energy Intensity in surveyed plants.

Fig. 3 shows the EII score for the 5 plants compared to the
world best practice based on primary energy use. All 5 plants
scored above the 100 value which hints the opportunity for
efficiency improvement above the 100 value. Plant 1 scores
the lowest value (138) suggesting 28% of technical potential
saving. Likewise, Plant 3 scores the highest value (212)
suggesting 53% of technical potential saving.

Fig. 4 and 5 shows the electricity intensity and fuel energy
intensity of clinker production. The average values have been
used for the scenario analysis. Plant one has the lowest
electricity energy consumption of 79 kWh/MT clinker. Plant
three has the highest electricity energy consumption of 154
kWh/MT clinker. Considering the cement grinding, the
average electricity energy consumption for rotary kiln is
125.5 kWh/MT cement. Likewise, the average energy
consumption for VSK is 214.2 kWh/MT cement.

Fig. 5 explains the fuel energy intensity in rotary kiln
plants. The lowest fuel intensity is found in Plant one with
3.9 GJ/MT clinker. Similarly the highest fuel energy intensity
is found in Plant 3 with 6.54 GJ/MT clinker. The average of
the plant is found to be 4.54 GJ/MT clinker. Similarly for the
energy consumption VSK plant is found to be 7.9 GJ/MT
clinker.

In clinker based industries, the average electricity energy
consumed for clinker grinding is 48.68 kWh/MT of cement.

4.2. Result of Growth Scenario

4.2.1. Energy Demand Projection

The energy demand for the base year 2014 is 5.4 PJ. The
final energy demand would increase to 22.86 PJ, 31.26 PJ
and 55.97 PJ in 2030, under BAU, MG and HG respectively.

The cumulative energy demand for BAU, MG and HG
scenario would be 216.89 PJ, 263.43 PJ and 386.19 PJ
respectively. Compared to the BAU scenario, the cumulative
energy demand would be increase by 21.46% for MG
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scenario and 78% for HG scenario. The energy demand
projection for growth scenario is shown in Fig. 6.

60

——BAU —=—MG ——HG

50

40 -

30

Final Energy Demand (in '000 GJ)

Figure 6. Final Energy Demand Projection in BAU, MG and HG scenarios
(2014-2030).

4.2.2. Emission Projection

Likewise, the CO, emission for the base year 2014 is
365.40 thousand MT. The final CO, emission would increase
to 1,540.70 thousand MT, 2,292.90 thousand MT and
4,105.60 thousand MT in 2030, under BAU, MG and HG
respectively. The cumulative energy for BAU, MG and HG
scenario would be 15.91 million MT, 19.32 million MT and
28.33 million MT, respectively. Compared to the BAU
scenario, the cumulative emission would rise by 21.46% for
MG scenario and 78.00% for HG scenario, which is in exact
match with the energy consumption. The emission projection
for growth scenario is shown in Fig. 7.
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Figure 7. CO, emissions in BAU, MG and HG scenarios (2014-2030).
4.3. Result of Efficiency Scenario

The efficiency scenario is constructed as an efficiency
improvement in technology employed in cement industries.
The scenario can be studied as an efficiency improvement in
the three growth scenario. In other words, efficiency scenario
studies the effect of technological improvement in three
growth scenario viz. EFF BAU, EFF MG and EFF HG
scenario.

The EFF BAU, EFF MG and EFF HG scenario projects
the total cumulative final energy demand to be at 191.58 PJ,
229.87 PJ and 280.32 PJ, respectively. Compared to the BAU
scenario, under EFF BAU scenario, 11.67% of total
cumulative energy consumption can be reduced. Likewise, in
between MG and EFF MG scenarios, 12.74% of total
cumulative energy can be conserved. Finally, EFF HG
scenario, 27.42% of energy can be conserved compared to
HG scenario.

The energy demand projections in efficiency scenario as
compared with their corresponding growth scenario are
shown in Fig. 8.

EFF HG 1 280.32

EFFMG ) 229.87

MG 263.43

EFF BAU 1 191.58
BAU 216.89
0 100 200 300 400 500
Comparative Cummulative Final Energy Demand (in
PJ)

Figure 8. Final Energy Demand in Efficiency Scenario (2014-2030).
4.4. Result of Mitigation Scenario

The MIT BAU, MIT MG and MIT HG scenario projects
the total cumulative CO, emissions to be at 9.70, 11.60, and
16.61 million MT, respectively. Compared to the BAU
scenario, in MIT, 33.64% of total cumulative emission can be
reduced. Likewise, between MG and MIT MG scenario,
34.59% of CO, emission can be mitigated. Finally, under
MIT HG scenario, 36.20% of CO, emission can be reduced
as compared to HG scenario.

The reduction in emission can be credited to the use of
alternative fuel and phase-out of high energy intensive
cement industries, Vertical Shaft Kiln Technologies.

IVHT..........-.-.-.-.»|1661
HG :
HG 26.03
MIT 11.61
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Figure 9. Cumulative CO; emission comparison between respective Growth
and Mitigation Scenarios (2014-2030).
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The emission projection scenarios compared with their
corresponding growth scenarios is shown in Fig. 9, for BAU,
MG and HG scenarios, respectively.
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Figure 10. Cumulative CO; emissions- substitution of Coal Bituminous with
Alternative Fuel in all scenarios (2014 -2030).

Similarly, the substitution of coal bituminous with
alternative fuel has a positive impact on the reduction of CO,
emission. Up to 4% of the total emission can be reduced, as
noticed in Fig. 10.

4.5. Effect of Penetration of Waste Heat Recovery for
Power Generation (WHRPG)

WHRPG is considered only in the mitigation scenarios.
The production of electricity, by WHRPG in the limestone
based industries is considered from 2020.

Considering scarcity of electricity in present context along
with the future energy supply securityy, WHRPG can
contribute to the power generation through waste heat studied
combined with the growth scenario viz. BAU, MG and HG.
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Figure 11. Electricity Generation by WHRPG in WHR BAU, WHR MG and
WHR HG scenarios (2020-2030).

The subsequent growth of the production of electricity
from waste heat in different growth scenarios can be
accounted to the higher production of clinker. With the

assumed penetration of WHRPG, for three growth scenarios,
in BAU scenario cumulative of 1,446.31 GWh of electricity
can be generated. Similarly, under MG and HG scenarios,
1,860.99 GWh and 2,988.35 GWh of electricity can be
generated. This subsequently accounts for, around 20% of
total cumulative electricity demand in cement industry.

Considering the current average electricity tariff of Nepalese
Rupees (NRs.) 6.3 per kWh the total amount saving in BAU is
NRs. 9.11 billion. Similarly, in MG and HG the total saving
can be attained to be NRs. 11.72 billion and NRs. 18.83
billion.

4.6. Conclusion and Recommendations

In context of Nepal, the output of cement has shown a
continuous growth during 1990 to 2014. The increase of the
domestic demand and it fulfillment, in future perspective,
expects more cement industries to commence. The growth in
cement demand is studied in growth scenario as business as
usual, medium growth and high growth. These growths are
associated with 4.45%, 5.5% and 7.45% of GDP growth,
respectively.

Log-linear regression method was used to determine the
relation between value addition (VA) associated with the
manufacturing industries and the end use cement demand.
The elasticity of demand for cement industry was determined
to be 2.16. Year 2014 estimates production capacity of
cement being 2.46 million metric ton which is expected to
reach 10.375 million MT in 2030, with a cumulative cement
demand of 96 million MT, from 2015 to 2030 in normal
(BAU) growth rate scenario. Similarly, the cement demand
would rise to 14.88 million MT in 2030 with cumulative
demand of 117.14 million MT, in Medium Growth (MG) rate
scenario. In case of high growth rate scenario, the cement
demand rises from 2.4 million MT in 2014 to 25.41 million
MT, with cumulative of 172.9 million MT.

Long-range Energy Alternatives Planning system (LEAP)
modeling tool was used to conduct the scenario based
analysis projected for base year of 2014 up to 2030.
Scenarios have been defined on the basis of various national
and international level goals and objectives, which include
the energy efficiency measures, waste heat recovery and use
of alternative fuels.

Corresponding to the growth scenarios, energy demand
were studied under the efficiency (EFF) scenario and the
environmental effects were studied under mitigation (MIT)
scenario. Hence, overall nine different scenarios were
analyzed.

The energy demand for the base year 2014 is 5.4 PJ. The
final energy demand would increase to 22.86 PJ, 31.26 PJ
and 55.97 PJ in 2030, under BAU, MG and HG respectively.
The cumulative energy demand for BAU, MG and HG
scenario would be 216.89 PJ, 263.43 PJ and 386.19 PJ
respectively. Compared to the BAU scenario, the cumulative
energy demand would be increased by 21.46% under MG
scenario and 78.00% under HG scenario.

Likewise, the CO, emission for the base year 2014 is 365.40
thousand MT. The annual CO, emission would increase to
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1,540.70 thousand MT, 2,292.90 thousand MT and 4,105.60
thousand MT in 2030, under BAU, MG and HG respectively.
The cumulative energy for BAU, MG and HG scenario would
be 15.91, 19.32 and 28.33 million MT, respectively. Compared
to the BAU scenario, the cumulative emission would rise by
21.46% for MG scenario and 78.00% for HG scenario, which
is in exact match with the energy consumption.

The EFF BAU, EFF MG and EFF HG scenario projects
the total cumulative final energy demand to be at 191.58 PJ,
229.87 PJ and 280.32 PJ, respectively. Compared to the BAU
scenario, in EFF BAU scenario, 11.67% of total cumulative
energy consumption can be reduced. Likewise, in MG and
EFF MG scenario, 12.74% of total cumulative energy can be
conserved. Finally, under EFF HG scenario, 27.42% of
energy can be conserved compared to HG scenario.

Under MIT BAU, MIT MG and MIT HG scenario projects
the total cumulative CO, emissions would be 9.70, 11.60, and
16.61 million MT, respectively. Compared to the BAU
scenario, in MIT, 33.64% of total cumulative emission can be
reduced. Likewise, between MG and MIT MG scenario,
34.59% of CO, emission can be mitigated. Finally, under
MIT HG scenario, 36.20% of CO, emission can be reduced
as compared to HG scenario.

The subsequent growth of the production of electricity
from waste heat in different growth (WHRPG) scenarios can
be accounted to the higher production of clinker. With the
assumed penetration of WHRPG, for three growth scenarios,
under BAU scenario cumulative of 1,446.31 GWh of
electricity can be generated. Similarly, in MG and HG
scenario, 1,860.99 GWh and 2,988.35 GWh of electricity can
be generated. This subsequently accounts for, around 20% of
total cumulative electricity demand in cement industry.
Considering the current average electricity tariff of Nepalese
Rupees (NRs.) 6.30 per kWh the total amount saving in BAU
is estimated to be NRs. 9.11 billion. Similarly, in MG and
HG the total saving can be attained as high as NRs. 11.72
billion and NRs. 18.83 billion, respectively.

Hence, the study opines on the following policy
reformation to be implemented in cement industries of Nepal

* (Categorization of energy efficiency measures at various
stages of cement process, so as to meet the international
best practice standards.

* Phase wise implementation of efficiency improvement
and low carbon footprint programs.

* Identification and management of indigenous
alternative fuel sources that can be used in cement
industries to improve energy supply security.

* Formulation and implementation of the effective
mechanisms for promoting the above policy
intervention options in the existing industrial, energy
and climate change related policies of the country.
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