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ABSTRACT

This paper addresses the implementation and Development method of an energy
audit Strategy in Ammonia plant. Energy audit, as an effective energy-saving and
emission-reducing measure, was applied in thousands of high energy-consuming

enterprises around the world. In this paper, energy audit concept and purpose is
analyzed. Therefore, the main objectives of this projectis to develop an energy Audit
Strategy which can serve for different forms of energy, develop an
approach/algorithm for conducting an energy audit of Ammonia plant and conduct a
case-study to apply the developed approach in ammonia plant. Moreover, the

world's average net energy efficiency for ammonia plant is 38.6GJ/MT, in this case
study we found the net energy efficiency of this particular plant is around 30GJ/MT
which is in the range of the benchmark. In addition, there is electricity data that we

are missing in this calculation that is why it is quite law. As a result, if we had that
data the Net Energy Efficiency of the plant would have been around 35 GJ/t NH3.
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CHAPTER 1

INTRODUCTION
1.1 Background

Ammonia is a chemical base product and used for multiple purposes, including fertilizer
production. Worldwide ammonia production capacity remains almost constant for the last 3
years in most ofthe regions ofthe world, except Asia. Therefore, Production of ammonia

requires vast amount of energy and resource. Consequently it is necessary to know with
certainty the type and quantity of energy used in each process within diverse industrial
operations, as well as to determine how to lower production costs through energy use without

affecting quality or productivity. Therefore, it is impossible to save energy and optimise its
exploitation without pinpointing where and how it is used. In most cases, this can be
determined through a visual and instrumental inspection. Moreover, there must be a detailed
analysis of energy consumption, or what is known in the field as an energy audit. This audit

is atechnical tool to measure energy efficiency. Within an industrial, commercial an Energy
Audit makes it possible to carry out a detailed analysis and make informed decisions about
which energy-saving projects to carry out.

Ammonia production is an energy intensive process, so the recovery of relatively small
quantities of heat can accumulate to become sizeable energy savings. The highly energy
consuming nature of the process is the key driving force for improving the technology and
reducing the overall cost ofmanufacturing. Therefore, any attempt for energy conservation in
the process goes along way in many aspects (Alatiqi, 1990). However, Energy management
can be achieved by two routes; paying less per unit of energy, or reducing energy
consumption per unit ofproduct. Co-generation of heat and power is one example ofthe first
route, while energy integration ofprocess plant is an example ofthe second route.

Ammonia is one of the most important inorganic basic chemicals, not only for the
manufacture offertilizers (85%) but also for the production of plastics, fibres, explosives, and
intermediates for dyes and pharmaceuticals. It is an essential reaction component for the

synthesis of numerous organic chemicals used as solvents and intermediates (Appl ,
Ammonia. Principles and industrial practice, 1999).

In any industry, the three top operating expenses are often found to be energy, labor, and
materials. In most assessments of the manageability of the cost or potential cost savings in

each of the above components, energy would invariably emerge as a top ranker, and thus

energy management function constitutes a strategic area for cost reduction. A well done

energy audit will always help managers understand more about the ways energy and fuel are
used in their industry, and help to identify areas where waste can occur and where scope for
improvement exists (denden, 2008).

With the rising costs of energy and concerns about global warming, it is imperative that
countries adopt the most efficient energy conservation measures and technologies. Energy
conservation must evolve as a way of life in developing countries in the Asia-Pacific region

given the limited availability of resources. If we are to share commercial energy equitably
across all sections of society, it is necessary to conserve energy and use it efficiently.
Industries can become globally competitive when their production process consumes the least
amount of energy.

Many ammonia plants struggle with high feedstock prices. In order to survive in the
competition from new plants in areas with low Energy cost, many plant owners of existing
plants have decided to revamp their plants to reduce the energy consumption and/or increase
the capacity.

For this purpose, energy audits and conservation studies must be conducted at regular
intervals in all industries. One of the main bottlenecks in conducting these studies is the lack

of technical information on various type of equipment and how energy performance should
be measured.

1.2 Problem Statement:

The primary objective of the energy audit is to determine ways to reduce energy
consumption per unit ofproduct output or to lower operating costs. The energy audit provides
a benchmark, or reference point, for managing and assessing energy use across the
organization and provides the basis for ensuring more effective use ofenergy. However, there
is no Uniform Approach for measuring energy system (energy efficiency) with different
forms of energy such as (steam, electricity, and fuel etc....). Therefore in this paper we will
develop an Energy Audit strategy for ammonia plant which can serve different forms of
energy. In addition, this project is a simulation based scale.

1.3 Objectives:

• To develop energy Audit Strategy which can serve for different forms ofenergy
• To develop an approach/algorithm for conducting energy audit ofAmmonia plant.
• To conduct a case-study and apply the developed approach in ammonia plant.
1.4 Scope:

To achieve the stated objectives, the project is divided into 2 phases.
Table 1: Project Execution Phase
Project Phase 1

Literature survey

Familiarization with energy Auditing

Gathering of parameters ofEnergy auditing and
measurements.

Preliminary work on modeling and simulation.
Project Phase 2

Carry out simulation by using ICON/HYSIS

Data analysis, presenting results and findings.

CHAPTER 2
THEORY

2.1 Energy Auditing

There are several relatively similar definitions of an energy audit. In its guidebook

(Hasanbeigi & Price, 2010), defines energy auditing as: A systematic, documented
verification process of objectively obtaining and evaluating energy audit evidence, in
conformance with energy audit criteria and followed by communication of results to the
client. Therefore, the purpose of an energy audit (sometimes called an "energy assessment"

or "energy study") is to determine where, when, why and how energy is used in a facility, and
to identify opportunities to improve efficiency. Energy auditing services are offered by

energy services companies (ESCOs), energy consultants and engineering firms. The energy
auditor leads the audit process but works closely with building owners, staff and other key

participants throughout to ensure accuracy of data collection and appropriateness of energy
efficiency recommendation (Baechler, M.Strecker, C & Shafer,J., 2011). An energy audit is a

key to developing an energy management program. Although energy audits have various

degrees of complexity and can vary widely from one organization to another, every audit
typically involves
>

Data collection and review

>

Plant surveys and system measurements

> Observation and review of operating practices
>

Data analysis

In short, the audit is designed to determine where, when, why and how energy is being used.
This information can then be used to identify opportunities to improve efficiency, decrease

energy costs and reduce greenhouse gas emissions that contribute to climate change. Energy
audits can also verify the effectiveness of energy management opportunities (EMOs) after

they have been implemented. Although energy audits are often carried out by external
consultants, there is a great deal that can be done using internal resources (Conservation,

2008). In order to get an ever view of how energy audit has being performed in real world

industry we will take a look a case study. China is an electricity production country which is

mainly based on coal-fired power plant. The overall coal consumption quantity in coal-fired
power plants occupies more than 60% of the total amount of coal in circulation each year.

Therefore, we will explain the main Steps of Energy Auditing in COAL-FIRED POWER
PLANT. First, Collection of Relevant Information, before energy audit the auditors should

understand and grasp the relative information of the coal-fired power plant by collecting
materials. The materials include that energy management organization chart and the

corresponding responsibilities scope, the general situation of energy-using systems and
energy flow diagram, boiler, steam turbine and electrical system diagram, the technical

specification for generating equipment and their main auxiliary equipment, water supply
system diagram, coal, oil, water, electricity, steam and other energy gauging network
diagram, the analysis reports on raw and pulverized coal, energy-saving technical measures
and their effectiveness analysis report on what have been implemented and to be

implemented in the audit period, the energy-saving monitoring and the use ofenergy-saving
equipment reports, the list of energy-consuming equipment, annual and monthly reports on
energy statistics and energy cost. Second, The Implementation ofEnergy Audit, The truth or
accuracy of the collected information should be examined. The examining result is used to
amend and replenish the information. With the above information, the essential field test and

spot field investigation, energy audit can be implemented in coal-fired power plant. Third,
The Preparation ofEnergy Audit Report and Energy-Saving Plan Energy audit report and
energy-saving plan, should meet the requirements of"The Guidelines for Enterprise Energy
Audit Report Auditing" and "The Guidelines for Enterprise Energy-saving Plan auditing"
compiled by China National Development and Reform Commission, and Chinese standard

"General Principle ofEnergy Audit on Industrial and Commercial Enterprise" (Li, Wang, &
Zhang, 2009).

2.2 Types of energy audits

The type ofindustrial energy audit conducted depends on the function, size, and type ofthe
industry, the depth to which the audit is needed, and the potential and magnitude ofenergy
savings and cost reduction desired. Based on these criteria, an industrial energy audit can be
classified into two types: a preliminary audit (walk-through audit) and a detailed audit
(diagnostic audit) (Hasanbeigi & Price, 2010).
a) Preliminary audit (Walk-through audit)

In a preliminary energy audit, readily-available data are mostly used for a simple analysis
of energy use and performance of the plant. This type of audit does not require a lot of

measurement and data collection. These audits take a relatively short time and the results are

more general, providing common opportunities for energy efficiency. The economic analysis

is typically limited to calculation of the simple payback period, or the time required paying
back the initial capital investment through realized energy savings.

b) Detailed audit (Diagnostic audit)

For detailed (or diagnostic) energy audits, more detailed data and information are required.
Measurements and a data inventory are usually conducted and different energy systems
(pump, fan, compressed air, steam, process heating, etc.) are assessed in detail. Hence, the
time required for this type ofaudit is longer than that ofpreliminary audits. The results of
these audits are more comprehensive and useful since they give amore accurate picture ofthe
energy performance ofthe plant and more specific recommendation for improvements. The
economic analysis conducted for the efficiency measures recommended typically go beyond.
2.2.1 The information to be collected during the detailed audit includes

1. Energy consumption by type ofenergy, by department, by major items ofprocess
equipment, by end-use

2. Material balance data (raw materials, intermediate and final products, recycled
materials, use ofscrap orwaste products, production ofby-products for re-use in
other industries, etc.)
3. Energy cost and tariff data

4. Process and material flow diagrams

5. Generation and distribution ofsite services (eg. compressed air, steam).
6. Sources ofenergy supply (e.g. electricity from the grid or self-generation)
7. Potential for fuel substitution, process modifications, and the use ofco-generation
systems (combined heat and power generation).

8. Energy Management procedures and energy awareness training programs within the
establishment.

The audit team should also collect the following baseline data:
•

Technology, processes used and equipment details

•

Capacity utilization

•

Amount & type of input materials used

•

Water consumption

•

Fuel Consumption

•

Electrical energy consumption

•

Steam consumption

•

Other inputs such as compressed air, cooling water etc

•

Quantity & type of wastes generated

•

Percentage rejection / reprocessing

•

Efficiencies / yield

2.3 Structure of an energy-Consuming system:

An energy-consuming system is a collection of components that consume energy. Energy
audits can examine systems that may be as extensive as a multi-plant and multi-process
industrial site or as limited as a single piece of equipment, such as a boiler. Figure 1

illustrates the generic structure of an energy-consuming system at an industrial site. For

simplicity, Figure 1 shows only one branch for each subordinate level in the system
hierarchy. Real systems have many branches from each component to various lower levels.
The concept of an energy-consuming system can be applied to a site, plant, department,

process or piece of equipment, or any combination of these (Conservation, 2008).

Company/Site

Plant A

Department A

DeDaftment

Process A

Equipment A

Figure 1: Structure of an Energy-Consuming system.

2.4 Ammonia Process Description

The ammonia plant under study uses natural gas as a feedstock for hydrogen production
and as combustion fuel for the gas pre-heater, reformer, boiler and super heater. The main
sections of the plant are as follows:

> Natural gas purification: for the removal ofH2S and organic sulfur. Natural gas is
desulfurized to less than 0.1 ppm. Higher sulfur content poisons the catalyst of the
primary reformer ( Lababidi, Alatiqi, &Nayfeh, 2000).

> Reforming: the natural gas is mixed with steam and heated in the convection section

ofthe primary reformer. The gas and steam mixture will then react in the primary and
secondary reformer. Preheated air is introduced in the secondary reformer as a source
for N2 needed for the ammonia reaction, whereas 02 reacts with H2 and CH4 to

provide the heat needed for the steam reforming reaction. Hot gases leaving the
secondary reformer are mainly used in high-pressure steam production ( Lababidi,
Alatiqi, & Nayfeh, 2000).

> CO-Conversion and C02 absorption: CO is converted to C02 in two stages; high and
low temperature shift converters and C02 is absorbed ( Lababidi, Alatiqi, &Nayfeh,
2000).

> Methanation: remaining CO and C02 are converted to CH4 and gases exit the
methanator at less than 10 ppm. Higher CO and C02 contents will poison the
ammonia converter catalyst ( Lababidi, Alatiqi, & Nayfeh, 2000).

> Compression, synthesis and refrigeration: Gases are compressed using the highpressure steam. H2 and N2 react in the ammonia converter to form the ammonia

product. Hot gases leaving the converter are cooled down in a number ofexchanger
where ammonia is condensed and the unreacted gases are circulated back ( Lababidi,
Alatiqi, & Nayfeh, 2000).

The process can be divided into two parts, the front-end and the back-end. The front-end
consists ofall plant sections involved in preparing the gases needed for the ammonia reaction
8

and generating the high-pressure steam. The back-end section is mainly the ammonia
synthesis and refrigeration loop. The only connection between the front- and back-end parts
is the synthesis-gas process stream, and the HP steam utilized by the compressors. (Appl ,
Ammonia. Principles and industrial practice, 1999). Opportunities for further integration
might be possible using total site integrationtechniques (Shenoy, 1995).
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Figure 2: Process flow diagram for Haber process

2.4.1 Operating condition and heat of formation.
Table2: Reactor Reaction and Operating Condition.
Reactor

Primary
reformer

Secondary
reformer

T

P

(°C)

(atm)

CH4 + H20 -» CO + 3
H2

727

32.2

2 CH4 + 02 -» 2 CO +
4H2

1000

31.8

Reaction

Phase

Catalyst

Gas

Solid

Gas

Solid

Gas

Solid

Gas

Solid

CE, + 2 02 -» CC^ +
2H20

High
Temperature

CO + H20 -» C02 +
H2

422

CO + H20 -» C02 +
H2

220

31.2

Shift
Low

Temperature
Shift

29.8

CO + 3 H2 -> CH, +
H20

Methanator

26

500

Gas

Solid

Gas

Solid

C02 + 4H2 -» CH, +2
H20
Ammonia

Synthesis

N2 (g) + 3 H2 (g) ^ 2
NH3 (g)

350

15.4

Table3: Standard heat of formation, HF of all components (kJ/mole). [8]
Methane

-74.85

Ethane

-84.67

Propane

-103.8

Water

-241.83

Carbon

-110.52

Monoxide
Carbon

-393.5

Dioxide

Oxygen

0

Nitrogen
Argon
Hydrogen

0

Ammonia

-46.19

0

0

2.5 Ammonia Utilities

2.5.1 Heat recovery

The heat of the gas from the primary reformer is used to produce steam for the primary

reformer using a boiler. The gas is then discharged. Heat from the process gas from the

secondary reformer is used to produce steam for a turbo generator (Copplestone & Kirk,
2002).

2.5.2 Water recycling

Excess water from the water gas shift converter, the methanator and the ammonia synthesis

loop is used for boiler feed water and as the absorbing water for ammonia recovery
(Copplestone & Kirk, 2002).
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2.5.3 Carbon dioxide stripper

The used UCARSOL is sent to the carbon dioxide stripper. Here the UCARSOL is heated
to remove a mixture of C02 and water, cooled and reused. The water is removed from the

C02 by condensation and the pure C02 sent directly to the urea plant for compression and
use in urea synthesis (Copplestone & Kirk, 2002).

2.5.4 Ammonia recovery

Gases purged from the ammonia synthesis loop and gases collected during ammonia

decompression are mixed and sent to the ammonia recovery system. Here the gas mixture is
introduced at the bottom of a column and passes up through a counter-current of cold water.

96% of the ammonia in the gas is absorbed into the water, leaving a gas mixture that is used

as a fuel gas to heat the primary reformer. The ammonia is distilled out of the ammonia water
mixture, condensed and pumped to join the rest of the ammonia from the ammonia
synthesiser (Copplestone & Kirk, 2002).

2.6 Ammonia Energy Consumption

Ammonia is one of the largest volume industrial chemicals in the world and is essential to

meet the food production of growing population. It is a highly energy consuming product

requiring from 8 to 12 GCal/Ton of ammonia depending on the raw material used and the
process route adopted. Hence, any attempt for energy conservation in the process goes a long
way in many aspects. Modifications at the design stage attractedthe attention of a number of
engineering firms. Therefore, energy consumption of existing ammonia plants can be reduced
by energy optimization and heat integration ( Lababidi, Alatiqi, & Nayfeh, 2000). However,
substantial reduction in energy consumption of existing ammonia plants can be achieved by

energy optimization and heat integration. Few conventional but practical approaches were
seriously considered. This includes reformer combustion air preheat, control of steam to
carbon ratio ( Alatiqi, 1990), hydrogen recovery from purge gas, improved C02 removal
system and co-generation (Seturam, 1981).
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2.7 Potentials for energy efficiency improvements
2.7.1 Reforming section

The conventional steam reforming process is carried out in a fired furnace either of the side

fired or top fired type. In the reforming section energy savings can be achieved by several
measures (Appl, Ammonia. Principles and industrial practice, 1999).
>

Reduction of the flue gas temperature

> Avoid heat loss by proper insulation of the reformer furnace;

> Increase of preheat temperatures for feed, steam and air used in the process;
> Increased operating pressure;
>

Lower steam-carbon ratio;

> Shiftingof partial reformer duty from primary to secondary reformer, using excess air
or oxygen enriched air in the secondary reformer;
> Installation of a pre-reformer.

2.7.2 Shift section:

The most important objectives for this section are a low-pressure drop and efficient heat

recovery from the process gas. The water-gas shift reaction is favorable for producingcarbon
dioxide, which is used as a raw material for urea production. New types of HT shift catalysts
allow lower steam to carbon ratio in the reforming section, thus avoiding hydrocarbon

formation by Fischer-Tropsch reaction at low vapor partial pressure (Appl , Ammonia.
Principles and industrial practice, 1999).

2.7.3 Carbon dioxide removal section

The removal of carbon dioxide has been performed via solvent absorption and distillation

since the inception of ammonia technology processes. This section of the ammonia plant
consumes a huge quantity of energy. Such high-energy consumption is due to thermally
inefficient distillation, dissipation of huge amounts of low-level heat into the cooling water

via the product carbon dioxide, and pressurization and depressurization of absorbents.
Considerable energy savings have been achieved, using new solvents and processes like
BASF aMDEA or Benfield LoHeat, etc (Christensen, 2001).

12

2.7.4 Final purification of synthesis gases

The process has been improved by removing the water and carbon dioxide traces to a very
low level by using molecular sieves. The conventional methanation process can result in the

loss of hydrogen. Minimizing this loss is of prime concern when examining the process used
to purify the synthesis gas. Pressure Swing Absorption (PSA) provides here an effective
means for reducing those losses (Rafiqul, Weber, Lehmann, & Voss, 2005).

2.7.5 Ammonia synthesis and separation

Several developments in ammonia synthesis have been made in the past; these

developments include improved converter designs as well as improved catalysts. The
converter design development through use of indirect cooling instead of quenching, which
allows the recovery of reaction heat as high pressure steam, is a significant breakthrough in
process development (Rafiqul, Weber, Lehmann,& Voss, 2005).

As far as catalysts are concerned, it is reported that the KAAP catalyst is 40% more active
than iron catalysts. Yet, a lower ammonia synthesis pressure reduces the energy demand of
the ammonia synthesis only slightly by 0-0.5 GJ/t NH3. In the order of 1-2 GJ/t NH3, but
this information has to be treated with care. These savings can be achieved by the use of

improved catalysts and by adjustments to the power system and the recycle loop. Investment
costs are estimated at 25 Euro/GJ saved per year, but costs for operation and maintenance

increase by 1 Euro/GJ saved annually according to (C, de, D, & Bates, 2001).

2.7.6 Process integration

A further important option to improve the energy efficiency is a better process integration
of heat exchange reformers and co-generation of heat and power. However, whether this is

feasible, strongly depends on the specific situation on the site. According to [15], this could

yield a maximal improvement of the SEC of 3-4 GJ/t NH3 with estimated costs for
implementation of 10 Euro/GJ saved per year (Rafiqul, Weber, Lehmann, & Voss, 2005).
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2.8 Energy Costs

Understanding energy cost is vital factor for awareness creation and saving calculation. In

many industries sufficient meters may not be available to measure all the energy used. In
such cases, invoices for fuels and electricity will be useful. The annual company balance
sheet is the other sources where fuel cost and power are given with production related
information (Efficiency, 2005).

Energy invoices can be used for the following purposes:

• They provide a record of energy purchased in a given year, which gives a base-line for
future reference

• Energy invoices may indicate the potential for savings when related to production
requirements or to air conditioningrequirements/space heating etc.
• When electricity is purchased on the basis of maximum demand tariff
• They can suggest where savings are most likely to be made.

• In later years invoices can be used to quantify the energy and cost savings made through
energy conservation measures.

2.8.1 Fuel Costs

A widevariety of fuels are available for thermal energy supply. Few are listed below:
• Fuel oil

• Low Sulphur Heavy Stock (LSHS)
• Light Diesel Oil (LDO)

• Liquefied Petroleum Gas (LPG)
•COAL
• LIGNITE

• WOOD ETC.

Understanding fuel cost is fairly simple and it is purchased in Tons or Kiloliters.
Availability, cost and quality are the main three factors that should be considered while

purchasing. The following factors should be taken into account during procurement of fuels
for energy efficiency and economics.

14

• Price at source, transport charge, type of transport

• Quality of fuel (contaminations, moisture etc)
• Energy content (calorific value)

2.8.2 Power Costs:

Unfortunately the different forms of energy are sold in different units e.g. kWh of
electricity, litres of fuel oil, tonne of coal. To allow comparison of energy quantities these
must be converted to a common unit of energy such as kWh, Giga joules, kCals etc.

Electricity (1 kWh) = 860 kCal/kWh (0.0036 GJ)

Heavy fuel oil (Gross calorific value, GCV) =10000 kCal/litre (0.0411 GJ/litre)
Coal (Gross calorific value, GCV) =4000 kCal/kg (28 GJ/ton)

15
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METHODOLOGY

3.1 Project flow chart
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Figure 3: Process Flow Sheet

Industrial energy efficiency is a key component in the transition of the economy in the
current industry. Generally, there are four means to reduce energy costs in industry: energy
carrier conversion, load management, implementing energy-efficient technologies, and more

energy-efficient behaviour. However, the production of Fertilizer

approximately consumes

1.2% of the world's total energy annually. Ammonia production accounts for some 87% of
the industry's total energy consumption, the fuel and feed stock used to produce ammonia are
by far the main energy requirements (Jawahery, 2009). Energy audits provide an important
tool in reducing barriers to energy efficiency. Furthermore, an initial, well-structured energy

audit is the first important step in a successful energy management program in industry
(Laurie, 2008). Therefore in this Project we have developed an energy Audit Strategy which
can serve different forms of energy. A calculation template has been developed in order to
flow up the energy efficiency trends in the plant monthly. In Addition the main flow sheet

diagram which is shown in Figure 3 shows that we have divided the plant in to sections in
order to identify and analyse the main energy streams. To calculate energy Efficiency of
18

ammonia you should consider Energy that is required to produce ammonia, as well as that
used in operations. The average net energy efficiency can be calculated by using the flowing:
Net Energy Efficiency = Feed + Fuel + Other Energy / NH3 Production
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Figure 5: World's Net Average Energy Efficiency

19

From Figure 4 above, it shows the average net energy efficiency of the plant in this
particular month is around 30 GJ/t NH3. A study that has been done by the Canadian
fertilizer industry shows that the Average annual net energy efficiency for the 10 Canadian

plants over the three-year benchmarking study remained constant at 33.8 GJ/t NH3.
Furthermore, there are 71 countries that produce ammonia and 58 that produce urea, so the
world's Net Average Efficiency ofAmmonia is 38.6 GJ/t NH3 as shown in Figure 5. In fact,
the most energy-efficient plant uses approximately 70 percent ofthe energy used by the least

energy-efficient plant, per ton of ammonia production (Laurie, 2008). As a result of
difference ofmanufacturing methods and raw materials, there is no single process that can be
identified as a Best Practice Technology for ammonia production, except in China which uses
coal for almost all ammonia production, where natural gas is the most widely used raw
material in the production ofammonia. From the graph itshows that the plant is in the range

ofthe study, the energy efficiency is almost steady though the month, but for day 11, there is
afluctuation, which might be amalfunction in the 1st and 2nd stage compressor or decrease in
hydrogen flow as shown in Figure 6that will affect the overall performance. It also shows in
Figure 7that the Ammonia Production has increased that day which doesn't reflect to the fact
that hydrogen has declined. However, this can be because there might be wrong reading or
there is something wrong with the production meter. But for day 14 it increased because the
nitrogen feed had decreased as shown in Figure 8, consequently the production has declined
which means it will increase the Net Energy Efficiency. Although the Net Energy Efficiency

shows acceptable, but still there is electricity data that we are missing in the calculation that
is why it is quite law. As aresult, ifwe had that data the Net Energy Efficiency ofammonia
would have been around 35 GJ/t NH3.
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Figure 9: Process and Steam Energy Consumption.

In the production of ammonia, the consumption of process energy and steam as a utility is
Crucial; Figure 9 shows the energy usage thought out the month for both steam and Process.
Thus, it shows that energy usage is going smoothly except in the middle where it has dropped

slowly and then come back to its normal. Consequently, there is something unusual, which
means we should take into consideration in order to avoid this situation to happen next
month.
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According to (Appl , Ammonia. Principles and industrial practice, 1999). The present
ammonia technology will not change fundamentally, at least in the next 10 to 15 years. Even
if there are radical, unforeseeable developments, they will take time to reach commercial

introduction. Hence, this template that we have prepared for the plant will monitor the energy

consumption of the plant though out the month. In addition, Coal and other fossil fuels, which
have taken three million years to form, are likely to come to an end. The last two hundred

years, we have consumed 60% of all resources (Efficiency, 2005). Therefore, we need to

adopt energy efficiency measures for sustainable development. Energy efficiency provides
additional economic value by preserving the resource base and reducing pollution.

Importantly, this template will provide a full monitoring system every month, where the
company operators will insert the data in the template, and then it will produce the Net

energy efficiency with illustration and identify the areas that might be consuming more than
expected.
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CHAPTER 5

CONCLUTION AND RECOMENDATION

To Sum up, The ever increasing burden and instability of energy costs faced by
developed countries, in particular those that see oil as the main source of energy, has created
a marked awareness in public opinion on the subject of energy saving and efficiency.

Therefore, Energy audits provide an important tool in reducing barriers to energy efficiency.
Furthermore, the objectives of the project were achieved. The first objective was to develop

and energy audit Strategy was achieved, in this project we have prepared a calculation

Template, the second was to develop and algorithm of how we are going to perform the
energy audit was also achieved and the last one which is to do a case study was also achieved
because we have chosen in our case study an ammonia plant.

Ammonia production is an energy intensive process, so the recovery of relatively
small quantities of heat can accumulate to become sizeable energy savings. The highly
energy consuming nature of the process is the key driving force for improving the technology
and reducing the overall cost of manufacturing. Hence, any attempt for energy conservation

in the process is crucial. Therefore in this Project an energy Audit Strategy will be developed
which can serve for different forms of energy, then the developed strategy will be applied in
Ammonia plant.

The objectives of an energy audit can vary for different plants. But, an energy audit is
usually conducted to understand how energy is used within the plant and to find opportunities
for energy saving and improvements. Similarly, energy audits are conducted to evaluate the
effectiveness of energy efficiency. Various studies in different countries have shown that

significant energy-efficiency improvement opportunities exist in the sectors of industry, but
most of them are cost-effective. In addition, these energy-efficiency options include both

cross-cutting as well as sector-specific measures. However, industrial plants are not always
aware of energy-efficiency improvement potentials. As a result, this template will help them
to continuously monitor the performance of their plants, where they can see the changes in

energy efficiency and general performance of the plant. Consequently, they can do any
necessary improvement or maintenance in their plant.
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