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1.1 Alternative energy 
 



IT is a term for any nontraditional vitality frame, source, or innovation 
contrasting from the current mainstream structures, sources, or advances. 
Today, it is for the most part utilized as a part of the setting of  another 
option to vitality getting from prevalent petroleum derivatives and therefore 
incorporates vitality got from such naturally favored sources as sun oriented, 
water control, biomass, wind, geothermal, sea warm, wave activity, and tidal 
activity. In this manner Alternative Energy Resources taxi be characterized 
as  "those that are not gotten from fossils powers but rather that additionally 
are viewed as nonrenewable" with sustainable power source innovations as 
those that outfit vitality from an unlimited source" (sun, wind, waves, 
biomass, falling water, warm produced underneath the surface of the earth).   
Wind turbines in Southern California 

  

 
 
 

1.2 Biomass Formation 
 
Natural biomass is shaped through change of carbon dioxide (CO2) in the 
climate into sugar by the sun's vitality within the sight of chlorophyll  
what's more, water. Natural species develop by devouring herbal or other  
organic species . Plants assimilate sun based vitality in a procedure called 
photosynthesis (Figure 2.1)  
Within the sight of daylight of specific wavelengths, green plants separate 
water to get electrons and protons and utilize them to transform CO2 into 
glucose   



  
 

 
FIGURE 2.1Biomass develops by engrossing sun powered vitality, carbon 
dioxide, and  water through  photosynthesis. 
(spoken to by CHmOn), discharging O2 as a waste item. The procedure 

might be spoken to by this condition:  

  

For each mole of CO2 retained into starch or glucose in biomass (1) mole of 

oxygen is discharged. This oxygen originates from water the plant takes 

starting from the earliest stage the air (Klass, 1998, p. 30). The chlorophyll 

advances the retention of carbon dioxide from the air, adding to the 

development of the plant. Vital elements for the development of biomass are 

:   

 . Living plant  

. Visible range of sun based radiation  

. Carbon dioxide  

.Chlorophyll (filling in as impetus)  

. Water 



 The concoction vitality put away in plants is then passed on to the creatures 

and to  the human that take the plants as sustenance. Creature and human 

waste likewise contribute to biomass.  

1.3 Biomass  

• Biomass is the most abundant, renewable unexplored source of 

energy. It is organic in nature, basically comprising cellulosic and 

hemi cellulosic matter found in the bio-degradable material from 

energy crops, agricultural and forest wastes, industrial, consumer and 

animal wastes. The energy stored in biomass is derived from the solar 

energy absorbed by plants during photosynthesis. Plants absorb CO2 

from its surrounding and convert it into biomass by photosynthesis. 

The energy stored in biomass is derived from the solar energy 

absorbed by plants during photosynthesis. Biomass life cycle 

(Figure1.3) indicates a high potential of being a clean energy source as 

it doesn’t add any extra CO2 to the atmosphere. 

  

Fig (1.3) sustainable production of transportatipon fuels from biomass 

production – conversion system  

 

What Is Biodiesel ? 1.4   



To a layman term biodiesel suggests diesel acquired from natural sources, for 

example, plant or creatures. It is a sort of  biofuel . For reasons unknown 

there are basically 4 methods for changing over natural sources into 

biodiesel. These are recorded as:  

1- Direct utilize or mixing of oils . 

2- Micro-emulsion. 

3-  Pyrolysis (gasification). 

4- Trans-esterification.  

 Biodiesel or unsaturated fat methylated esters are gotten or acquired from 

creature or plant stocks, because of their inexhaustibility they frame a 

feasible class of powers. This very reason settles on them an exceptionally 

feasible decision for future fills and consequently they are getting significant 

significance from established researchers. One of the extremely 

straightforward generation techniques for biodiesel is transesterification in 

which the triolein sources are responded with methanol under fitting 

conditions, regularly within the sight of an impetus. The impetus even 

through it isn't expended amid the response helps diminish the response 

times. The fundamental result of these responses is basically biodiesel while 

glycerol is delivered as a side-effect in the outcome of the response. Because 

of higher changes in this response it is comprehended that almost no oil is 

squandered. To sidestep the impetus, utilize we can run the response under 

supercritical conditions however this adds up to expanded expenses. Another 

technique is by means of the utilization of biochemical courses  Presently 

taking a gander at the point number one the perplexity holds on that 

regardless of whether vegetable oil is or isn't an option of customary 

energizes in unadulterated shape. In reality, vegetable is a mess more gooey 

that biodiesel, it likewise has high blaze indicate due this very reason and 

some others vegetable can't be utilized as a contrasting option to diesel as it 

is and must be prepared before use. One of the techniques as recorded above 

is the transesterification of the oils. This includes the transformation of the 

triglycerides (oils) into methylated or ethylated esters. However because of 

the proficiency and different concerns methylated ester are regularly favored. 

Likewise, that they consume proficiently and give more power. As a result of 



the lesser vitality costs and more noteworthy practicality instead of alternate 

procedures we will lean toward the strategy for transesterification . 

Biofuels 1.3 

Such fills which are typically gotten from the verdure around us are normally 

called as biofuels. As far back as the beginning of the modern upset 

individuals have had running autos on consumable oils. In that sense 

biodiesel is likewise a biofuel. It goes back to 1853 and was authored by E. 

Duffy and J. Patrick. At the Paris, International Exhibition in 1900, Rudolf 

Diesel showed a test motor example chipping away at peanuts oil. In 1912, 

Rudolf Diesel stated, "The utilization of vegetable oils for motor powers may 

appear to be immaterial today. Be that as it may, such oils may move toward 

becoming in course of time as essential as oil and the coal tar results of the 

present time" (Marco Aurélio, 2011) Diesel was in fact perfectly fine the 

earlier decade we saw regular fuel costs soaring. This massively helped the 

reasonable vitality part as it put in the psyches of individuals, the dread of 

monetary squeeze both on a person and in addition on a national premise   

  

 Process for biomass conversion 

 

There are basically three principal methods of biomass conversion which are 

shown in figure (1.2). 

 (a) Physical process 

In this process the biomasses used are oil rich seeds. Oils are extracted from 

oilseeds and the extracted oil is refined by esterification with alcohol to 

reduce viscosity and improve the quality of bio-fuels. This bio-fuel can be 

used as diesel substitute, so it is known as bio -diesel. 

 (b) Biological Process 

In biological processes, the wet biomass is used as raw materials. The wet 

biomass is treated with micro-organisms in the presence or absence of 

oxygen for a longer time. The main products obtained in this process are bio-

ethanol and biogas. Biological processes are of two types, fermentation and 

anaerobic digestion based on presence or absence of air. 



(c) Thermo-chemical process 

In these processes, the feed stock is heated in the presence (or absence) of 

oxygen or water for a short time. The products obtained are fuel gases and 

bio-oils which can be upgraded by different other processes to get energy 

reach chemicals of various compositions. 

The different thermo-chemical processes are combustion, gasification, 

pyrolysis  and hydrothermal liquefaction. 

 

 

Fig (1.2) principal methods of biomass conversion 

 

Advantages of the Use of Biodiesel  

Some of the advantages of using biodiesel as a replacement for diesel 

fuel are:  

• Renewable fuel, obtained from vegetable oils or animal fats. 
• Low toxicity, in comparison with diesel fuel. 
• Degrades more rapidly than diesel fuel, minimizing the environmental 
consequences of  biofuel spills. 
 
• Lower emissions of contaminants: carbon monoxide, particulate matter, 
polycyclic 



aromatic hydrocarbons, aldehydes. 
• Lower health risk, due to reduced emissions of carcinogenic substances. 
• No sulfur dioxide (SO2) emissions. 
• Higher flash point (100_C minimum).  

• May be blended with diesel fuel at any proportion; both fuels may be mixed 
during the fuel supply to vehicles. 
• Excellent properties as a lubricant. 
• It is the only alternative fuel that can be used in a conventional diesel 
engine, without modifications.  
• Used cooking oils and fat residues from meat processing may be 

used as raw materials.  

 

Disadvantages of the Use of Biodiesel 

There are certain disadvantages of using biodiesel as a replacement for diesel 
fuel that must be taken into consideration: 
• Slightly higher fuel consumption due to the lower calorific value of 
biodiesel. 
• Slightly higher nitrous oxide (NOx) emissions than diesel fuel. 
• Higher freezing point than diesel fuel. This may be inconvenient in cold 
climates. 
• It is less stable than diesel fuel, and therefore long-term storage (more than 
six months) of biodiesel is not recommended. 
• May degrade plastic and natural rubber gaskets and hoses when used in 
pure form, in which case replacement with Teflon_ components is 
recommended. 
• It dissolves the deposits of sediments and other contaminants from diesel 
fuel in 
storage tanks and fuel lines, which then are flushed away by the biofuel into 
the engine, where they can cause problems in the valves and injection 
systems. 
In consequence, the cleaning of tanks prior to filling with biodiesel is 
recommended. 
It must be noted that these disadvantages are significantly reduced when 
biodiesel is used in blends with diesel fuel. 

  

Raw Materials for Biodiesel Production 
 



The raw materials for biodiesel production are vegetable oils, animal fats and 
short chain alcohols. The oils most used for worldwide biodiesel production 
are rapeseed  (mainly in the European Union countries), soybean (Argentina 
and the United States of America), palm (Asian and Central American 
countries) and sunflower, although other oils are also used, including peanut, 
linseed, safflower, used vegetable oils, and also animal fats. Methanol is the 
most frequently used alcohol although ethanol can also be used. 
Since cost is the main concern in biodiesel production and trading (mainly 
due to oil prices), the use of non-edible vegetable oils has been studied for 
Several years with good results. 

  

Typical Oil Crops Useful for Biodiesel Production 

Such as:  

Sunflower : 
Sunflower ‘‘seeds’’ are really a fruit, the inedible wall (husk) surrounding 
the seed that is in the kernel. The great importance of sunflower lies in the 
excellent quality of the edible oil extracted from its seeds. It is highly 
regarded from the point of view of nutritional quality, taste and flavor. 
Moreover, after oil extraction, the remaining cake is used as a livestock feed. 
It must be noted that sunflower oil has a very low content of linoleic acid, 
and therefore it may be stored for long periods. 
Sunflower adapts well to adverse environmental conditions and does 

not require specialized agricultural equipment and can be used for crop 

rotation with soybean and corn. Oil yield of current hybrids is in the 

range 48–52%  

Properties of feed stocks 

1- NAOH  

Physical Description 

NAOH  is a colorless liquid. More dense than water. Contact may 

severely irritate skin, eyes, and mucous membranes. Toxic by 

is a white , solid  NAOH ingestion. Corrosive to metals and tissue.

solid. Corrosive to metals and tissue. Used in chemical manufacturing, 

.n cleanerspetroleum refining, cleaning compounds, drai 

2- Ch3oH  



Physical Description 

methanol is a colorless fairly volatile liquid with a faintly sweet pungent 

odor like that of ethyl alcohol. Completely mixes with water. The vapors are 

slightly heavier than air and may travel some distance to a source of ignition 

and flash back. Any accumulation of vapors in confined spaces, such as 

buildings or sewers, may explode if ignited. Used to make chemicals, to 

remove water from automotive and aviation fuels, as a solvent for paints and 

plastics, and as an ingredient in a wide variety of products. 

3- GLYCERINE 

PHYSICAL  DESCRIPTION 

is a colorless to brown colored liquid. Combustible but may  GLYCERINE

effort to ignite   require some 

Methyl ester -4  

Physical Description 

to  water PHYSICAL DESCRIPTION: Clear to amber liquid. Insoluble in

Triolein ignite  

Physical Description 

Liquid 

 

  
  

  

  

  

 



LITERATURE REVIEW ) CHAPTER ( 2  
  

  Process Selection 2.1 

Of the few strategies, accessible for delivering bio-diesel, technique 

for decision. The motivation behind the procedure is to bring down the 

thickness of the oil or fat. To the extent alternate procedures are 

concerned, despite the fact that mixing of oils and different solvents 

and miniaturized scale emulsions of vegetable oils brings down the 

thickness it causes motor execution issues, for example, carbon store 

and greasing up oil pollution. In the interim, pyrolysis creates more 

bio gas than biodiesel fuel[1]. 

 

2.2 Transesterification  

Transesterification of vegetable oils with liquor is the best technique 

for biodiesel generation. There are two sorts of  Transesterification, 

one is with impetus and another is without impetus. Transesterification 

is a reversible response and the abundance of liquor moves the 

harmony to the item side.  

Base-catalyzed Transesterification is one process that converses Sun 

bloom oil to biodiesel fuel. Fats and oils are triesters of glycerol 

(triglycerides), with three long chain unsaturated fats that give the 

body a high atomic weight and low instability. A base-catalyzed 

Transesterification (utilizing methanol as the liquor and NaOH as the 

impetus) focalizes fat sand oils to the methyl esters of the three 

individual unsaturated fats. It is to be noted here that the response 

would even now continue without an impetus yet would be too 

moderate and may take days to finish, in this way the expansion of 

impetus progresses toward becoming need. With molecular weights 

about 33% of the original triglyceride, these methyl esters are more 

unstable and function admirably in diesel engines, the blend of 

unsaturated fat methyl esters is called biodiesel [2]. 



 The motivation behind utilizing methanol is its low business cost and 

the reason that it gives better execution in motors. Methanol has both 

physical and additionally substance points of interest. Esters delivered 

utilizing methanol gave higher power and created more torque [3]. 

 

  2.3 Pre-treatment  

Free unsaturated fats are known as to cause saponification amid the 

transesterification response. Cleansers make biodiesel purging harder and 

consequently it is important to confine the FFA content. This is finished by 

the esterification procedure in which corrosive alongside methanol is utilized 

to change over the FFAs into esters (biodiesel). Glycerine washing is then 

utilized to filter the refined oil. After such a treatment, the oil stage, having a 

low level of free unsaturated fats (under 0.5 wt.%), was subjected to the 

antacid catalyzed Transesterification. 

  

  2.4 Standard Practices and Their Flow sheets  

Routinely the alcoholysis or transesterification of virgin or utilized 

cooking oils is done by means of base impetus. This should be 

possible in either clump mode or it can be a consistent procedure. As a 

rule the impetus is sodium hydroxide or sodium methylate. It is 

recuperated after the transesterification response as sodium glycerate, 

sodium methylate and sodium cleansers in the glycerol stage. An 

acidic balance advance with, for instance, watery hydrochloric 

corrosive is required to kill these salts. All things considered glycerol 

is gotten as a fluid arrangement containing sodium chloride. 

Contingent upon the procedure, the last glycerol immaculateness is 

around 80% to 95% .  

At the point when burning is utilized in the impetus part it can respond 

with the broken glycerides to frame cleanser. These cleansers can 

break down in the glycerol delivered amid the responses in the 

reactors. They cause a noteworthy obstacle in the purging of glycerol. 

These cleansers should be separated into FFAs by utilizing HCl. We 



have done this in our procedure. The loss of esters changed over to 

unsaturated fats can reach as high as 1% of the biodiesel generation  

  

Figure( 2.1) Global Scheme for A Typical Biodiesel Setup 

  

2.5 Raw Materials  

 2.5.1 Choice of Oil  

There  are  more  than 350 oil bearing crops identified, among which only 

sunflower, soybean, cottonseed, rapeseed and peanut oils are considered as 

potential alternative fuels for diesel engines [4]. We will be considering 

sunflower  oil because the biodiesel produced by this type of oils shows 

similar properties as diesel. Another point that warrants its selection is it’s 

cetane number which is closer to petroleum diesel .Also, it is abundantly 

produced as waste. 



  Catalyst 2.5.2 

Transesterification can likewise be catalyzed by Lowr acids. These 

impetuses give exceptional returns in alkyl esters however responses are 

moderate, requiring regularly temperature over 100 degrees centigrade and 

hours to finish the transformation [5]. We along these lines utilize base 

catalyzed responses which are similarly less tedious when contrasted with 

the before said. For that reason, we can utilize potassium or sodium 

hydroxide but since of better dissolvability of KOH with methanol we would 

likely incline toward methanol. As we will come to know the subject of 

impetus is a touchy one and influence vigorously on the yield and response 

times of the procedure. The biodiesel business as of now utilizes sodium 

methoxide, on the grounds that methoxide can't frame water upon response 

with liquor, for example, with hydroxides, which impact the response and the 

nature of the generation biodiesel [6]. Besides, base-catalyzed responses are 

performed at by and large lower temperatures, weights, and response times 

and are less destructive to modern gear than corrosive catalyzed strategies 

[7]. Consequently, less capital and working expenses are acquired by 

biodiesel generation offices on account of the base catalysedtrans 

esterification technique.  

2.5.3 Alcohol  
Studies have shown that methylated esters are more suitable for diesel 

engines as compared to ethylated ones. Hence, we will want a source for a 

methyl group and not an ethyl group. The obvious choice is methanol. 

Another advantage is the cost factor because methanol is cheaper than 

ethanol and easier to source as compared to ethanol. Ethanol could even be a 

banned item in a specific country due to various reasons. 

Factors Affecting the Transesterification Process 

Main factors affecting the transesterification process are. 

1. Methanol/Oil Molar Ratio 

2. Temperature  

3. Reaction Time 

4. Mixing 

5. FFAs & Moisture 



6. Catalyst Conc.  
 

 

Figure 2-5-Factors Effecting FAME  

  

  

  

  

  

  

 

  

  



CHAPTER ( 3 ) MATERIAL BALANCE 
 

 

 

Material balance is the backbone in the design and conceiving of a chemical 

plant along with the energy balance. It helps us in conceiving the designs, in 

financial evaluation, in process control and in optimizing the process. Let’s 

say for example a solvent is required for the extraction of soya bean oil 

(which also happens to be our primary triolein) from the its source. In order 

to calculate the arithmetic quantity of that solvent required we can apply the 

material balance on that particular unit. But even better is that we can not 

only use that information to calculate the amount of solvent required we can 

also use that information for the design and development of the machines 

that extracts the soya bean oil. Hence in every plant design we first go 

through the phase of the material balance.  We can use the processed 

information in the design of equipment or in the evaluation of the economics 

of the process.  Material balance can also help in deciding the raw material 

that we can use to achieve the same end product. Quite a few different types 

of processing can achieve the same end result, so that case studies 

(simulations) of the processes can assist materially in the financial decisions 

that must be made. Material balances also helps in the hourly and daily 

operating decisions of plant managers. For the most part we’ve used 

stoichiometry for our balances especially in reactors. For almost all 

separation processes in our process we were provided with figures. 

 

 

    

  

  

  

  



Process Flow Diagram  

 

  

  

Figure (3-1):production of biodiesel.  

  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

(3-1-1)The general material balance  :  

Basic 1mol of triolein : 

The mean reaction to produce methyl oleat: 

         Triolein  + 3Methanol  Catalyst       3Methyloleat + Glycerol   

               1        +  Xmethanol                      X Methyloleat      +   Xglycerol     



  

Table(3-1):molecular weight  for all material    

Molecular weight 

(g/mole)   

Martial  

884 Triolein  

32 Methanol  

296 Methyl oleat 

92.095  Glycerol  

  

 No. of moles of methanol needed = 
� ��

���
 *3 = 0.1085  mol  

No. of moles of  oleatester product =
�.�������

��
= 1.0036 mol 

No. of moles of  glycerol product = 
�.���� ��.���

��� * 1/3 = 0.1040 mol 

      Then the actual amount of methanol, oleatester,  glycerol  

.1085,1.0036,.1040 respectively. 

 -In case of triolein we add 2% excess of actual case (.02*0.1085)= 0.00217 

mol                                                                                                

Then the  x methanol will be (0.00217+0.1085)= 0.11067mol 

2)The Assumption:-1-(3  

 DAY  or  378 Kg/ hr  of methyl oleat        / -Basis10 TON   

We will surmise 398 kg/hr of oil  

-The amount required of  NaoH 1% of reactant. 

-The conversion will be 95% for limited reactant.  

The amount  X methanol  =398*0.11067= 44.046 kg/hr   



 The amount excess of methanol is =0.1085*398 =43.138  kg/hr 

X methanol total=44.046+43.138=87.229 kg/h 

The molar flow after 95% conversion: (3-1-3)  

Table(3-2 ): The molar flow after 95% conversion 

Total output  Total production  Total input  Comp. 

1.44283 -1.28307 2.72590 Methanol 

0.02251 -0.42769 0.4502 Oil  

1.28307 1.28307 0 methyl oleat 

0.42769 0.42769 0 Glycerol 

0.0995 0 0.0995 Naoh 

Input (total) = 3.2756  

Output (total)= 3.2756 

(3-2):  Material balance on the reactor(R):  

  

  

Table (3-3): Material balance on the reactor(R)  

Out put  INPUT   Comp. 

Kg/hr    Kmol/hr   Kg/hr    Kmol/hr  



(3-3)  Material balance on the  first distillation (D-101): 

 

 

  

20   0.02251 398   0.4502  Oil    

380   1.28307  0   0 Methyl oleat  

39    0.42769  0   0 Glycerol   

3.98    0.0995  3.98    0.0995 Naoh 

46    1.44283  87    2.72590  Methanol   

488.98    3.2756  488.98   3.2756 Total   

  Stream No. ( 202 )  Stream  (201) Comp. 



Table(3- 4 ):Output streams from distillation  

   

Check  of mass balance  

)Stream(106)=stream(201)+stream(202  

489=489 

  

  

  

  

1)The Assumption-3-3(  

     The assumption  because we add in the first 100% excess methanol then 

the 100% excess from methanol will not reacted the amount =2.72590 / 

2mol= 1.36295mol but the dist.   

Column efficiencies is= 0.97 

So  stream No (201 )=1.36295*0.97 = 1.322 mol/ hr 

Input = out put  

       Kg/hr   Kmol/hr    Kg/hr    Kmol/hr    

  

.  4    0.12084    42    1.321  Methanol 

  380   1.28307   0  0 Methyl 

oleate  

  20    0.02251   0  0 Triolein  

  3.98   .  0.42769  0   0 Glycerol  

   39    0.0995   0   0 NaoH  

  447    1.936   42   1.321  Total   



Stream 106 =stream 201 + stream 202  

3.2756= 1.322+x        

X=1.9536 (stream 202) 

Methanol in the stream (202)  

1.9536 –[1.28307 + 0.02251+0.0995+0.42769] =0.12084 

Methanol in stream (201) 

1.44283-0.12084=1.321 

3-4)  Material balance on  liquid-liquid extractor(L.L.E-101):(  

  

table(3-5 ): Output streams from liquid-liquid extractorr 



Check of mass balance 

Stream(204)+stream(203)=stream(301)+stream(302) 

11                  +447           =      404         +  54 

            458                     =         458  

 

(3-5) Material balance on splitter(X-101): 

(3-5-1)Assumption:  

We want to remove the catalyst from the mixture by the splitter and we know 

the amount of Naoh in the inlet stream then we conclusion the 301B stream 

contents. And its  0.0995 mol/hr Naoh    

  

  

  Stream No. ( 302 )  Comp                stream(301) 

  Kg/hr    Kmol/hr  Kg/hr    Kmol/hr       

  2.3168    0.0724  1.54    0.0484  Methanol  

  0.01184    4*10^-4 380    1.2830 m.oleat  

 0.00  0.00  20    0.02251  Oil   

  10.719    0.5955  0.2718   0.0151  H2O  

  1.452   0.0363  2.528    0.0632  NaoH  

  39.41    0.42796  0.00  0.00 Glycerol  

 54  1.1322 404    1.43221  Total  



   moles                                                        

Input = Output  

Stream No.(301) = stream (301A) + stream No.(301B)  

     

1.43221=1.36901+stream(301B) 

  

 Stream(301B)=0.0632moles 0.0632*40=3kg/hr  

  

Table(3-6) Output streams from splitter: 

Stream N0.( 301A) Comp. 

  Kg/hr    Kmol/hr  

  1.5488   0.0484      Methanol  

  379.768    1.2830 m.oleat  

  19.89    0.02251 Triolein  

  0.2718   0.0151  H2O 

 0   0 Glycerol  

 401   1.36901 Total   

  

Check of mass transfer  

Stream(301)=stream(301A)+301B 

    3404 =401+  

404=404  



  

(2-6) Material balance on the second distillation column (D-102): 

  

  

  

Input = Output  

Stream No(301A) =Stream No.(401)+Stream (biodiesel )+Stream 

No.(402)Stream   

1.36901   =   0.06733+0.02251+stream(biodiesel) 

 Stream biodiesel =1.27917moles 

Check  for productivity  

1.27917 *296=378.63432kg/hr  

After conversion this amount to ton/day 

10ton/day  

  

  

  

  

  

  



  

  

Table(2-7 ) Output streams from the second distillation column:  

  Stream No. ( 402 )  Stream N0.( 401) Comp.  

  Kg/hr    Kmol/hr     Kg/hr    Kmol/hr  

 0  0   1.5456    0.0483  Methanol  

 0  0 .  1.224552    0.004137  m.oleat  

  20    0.02251   0  0 oil  

  0  0   0.2682   0.0149  H2O  

 0  0  0  0 NaoH  

 0  0  0  0 Glycerol  

  20    0.02251   3   0.067337 Total   

  

  

  

(2-7)The Overall material balance for processes:  



  

  

-To make it easier, the overall material balance can 

be shown in the following table: 

Table (2-8): shows the overall material balance. 

  

  

  

 

OUTPUT  INPUT  STREAM 

NUMBER 302 301B 402 401 401A 105 103 205 

54 2.528 19.89 3.038  409.524  398 4 87 Kg/hr  

489 489  TOTAL  



CHAPTER(4) ENERGY BALANCE 
  

   

To properly utilize the energy that is consumed or produced within a 

chemical producing industry the engineer must be familiar with the 

fundamentals of the energy balance. This includes the know-how of the basic 

terminology associated with the subject. An engineer’s main attention ought 

to be devoted to heat, work, enthalpy, and internal energy. Next, the energy 

balance must be applied to the project. This can help in calculating the 

amount of steam that our heater needs for heating purposes or the cooling 

water required for cooling a stream to a required temperature. In our project, 

we have used the standard enthalpy calculation formula that goes as. 

  

 

 

 

 

 

 

 

4.1 Cp Calculation 

We know that value of Cp and specific enthalpy is a function of temperature 

and that function can be written as an empirical power series equation. Now 

if we take this equation and put in the above equation and integrate it, we’ll 

get something like below which we can then use to calculate our enthalpy. 
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The values of heat constants were used from the book “Perry’s Chemical 

Engineers’ Handbook”. However, some values were also obtained from other 

sources such as Coulson Vol. 6 and internet. Some static Cp values were also 

used after appropriate unit conversion. 

Energy balance Calculation 

Steady state Law of conservation of energy applied on each equipment is 

applied by using the following equation. 

��� 	���� + ����������� + ����	�������� = 0 

4.2 Equipment 

We are applying our energy balance on the following equipment… 

 Heat Exchangers  H1 and H2 . 

 Reactors R1 . 

 Distillation Column D1 and D2. 

 Splitter . 
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4-1)Energy balance:(  

  4-1-1)Heat of reaction:(   

In the isothermal reactor the inlet temperature must remain constant in rector 

and out of it also, but our reaction is exothermal so there a heat will 

generation in the reactor so that we must know the  heat of reaction to 

removed from reactor .   

     Triolein  + 3Methanol  Catalyst       3Methyloleat + Glycerol  

 

          Tin=60                                             Tout=60 c       

    

Tabe(4-1):    the proprties for reaction  matrial.                    

The substance Heat capacity 

(kj/kmol.c)  

n(KgMole/hr)  Hf (kg/mol) 

Methanol 79.5 3.38 -238.4 

Triolein 1483.045 1.127 -2161 

Naoh 28.23 0 -425.93 

methyl oleat 583.2155 3.38 -734.5 

Glycerol 221.9 1.127 -669.6 

Water 75.28 0 - 

  

  

  

  

  

    %95 



  Figure(4-1):effect of temperature on Heat of Reaction  

      

Reactant                                                                             Products       

           

 At 60c             Triolein=  1.127Kmole                      Htotal    methyl oleat 

=3.38kmole  

               methanol = 3.38kmole                                                glycerol 

=1.127kmole 

                                                                                          

                                   H1                                               H3 

 

methyl oleat =3.38kmole At 25c      Triolein=  1.127Kmole         H2           

            

                     methanol = 3.38kmole                                       glycerol 

=1.127kmole       

H1=(∑nCp)reactant  

       =1.127mol(1483.045kJ/mol. c  )(-35 c    )+3.38 mol(79.5k J/mol.c ) (-35 

c   )   

       = -67903.56KJ   

  

H2 =     ( Hf )products  -  ( Hf)reactants            

       =    ( Hf )bio + ( Hf)gly )   -  ( Hf)tri + ( Hf) metho )  

       =     (3.38mole (-734.5 kJ/mol )+1.127mole(-664.6 kJ/mole )   -    

             (1.127 mole(-2161 kJ/mol ) + 3.38 mole (-238.4 kJ/mole)     

       =3989.8KJ  

  

H3 =∑ nCP T  



        =3.38 mole (1583.2155kJ/mol. c   ) ( 35 c  )+1.127 mol (221.9kJ/mole. 

c ) ( 35 c  )  

        = 7747.23KJ 

   

H3 +HrHf+  Q r=   

Q r= -67903.56 + 7747.239 + 3989.8 = -56166.521KJ/hr   

  

Table(4-2) :Shows Energy balance on  reactor   

 

 

  

  

 

Where Qr = heat of reaction   

4-1-2)Water required:(  

m= 
�

��	 �
 = 

�����.���

���.��
 = 383.5 g/hr of water   

 

 

 

 

(4-2)Energy balance on the reactor(R-100) 

KJ Comp. 

-67903.56 H1 

3989.8 H2 

7747.23 H3 

-56166.52 Qr 



    First we will assume that the reference temperature is 25C(298K) . Then 

we are going to calculate the amount of mixture input to reactor, 

 

Figure(4-2): reactor(R-100) 

 

(4-2-1)The Calculation: 

Q=nCp T 

Where : 

Cp=the heat capacity (KJ/Kmol.K). 

T = the temperature (K). 

Tr= the reference temperature (25C= 298 K). 

Qinput =Qoutput  

Q102 + Q2(105B) = Q3(106) + Qr + Q Cooling   

Q102 =0.0 because at reference temperature 25c 

Qr = -Qcool     

Q2 = nCp T = 1.186 (1483.045) (60-25)  = 91210.34KJ/hr 

Q3(106) = Qin – Qr – Q cooling 

Qout = Q in   

  

  

  



 Q3(106) =  (∑ nCp) T   

            = ( 3.79× 74.5 )+ (3.38 * 583.21 ) + (1.127*221.9) + (0.05929 * 

1483.045 )                       (T2-298.15 )   

91210.3 4=2610.724 (T2 ) – 778387.36                                                              

                

T2      = 333.08 K = 59.9367 C          

  

Table(4-3): Energy balance on the reactor 

Stream Qin(KJ/hr) Qout(KJ/hr) 

Q(102) 0 - 

Q(105B) 91210.34 - 

Q3(106) - 91210.34 

Qr - 56166.521 

Qcool - 56166.521 

Total flow 91210.34            91210.34 

 

(4-3) Energy balance on the  first distillation column  (D-101): 

      The most important thing is the T of Qout of bottom more than 65c for the 

methanol boiling point so that we will the boiler temperature at 125c. The 

temp. is 28.2 the bottom is 67c. 

 

 

 

 



 

 

 

Figure (4-3): The  first distillation column  (D-101) 

 

Stream mole (kgmol/hr) mole fraction composition 

Total 

flow(kgmole/hr) 



Table(4-4): The mole &mole fraction for each energy stream   

 

Qf(106) + Qheat = Qtop(201) + Q bottom(202) + Qcool  

Where Qf = Q3  

Q heat (boil up)  =  Q bottom – Q To Rebuilder    

  

                     

Q toreboiler= ∑ nCp T 

               =   (8.587 mol (79.5 ) + 0.0593 ( 1483.043 ) + 3.38  (583.215) + 

1.1291  )    

                      (221.9) + 0.25 ( 28.8 )   * (125-67)   

               =2999.5 * 58 = 110985.2KJ/hr  

   

Q bottom  = ∑n Cp T=    

              =  0.3217(79.5) + 0.0593 (1483 .04) + 3.3747 (583.2155)+ 1.1266 ( 

221.9) 

Qtop 3.505 1 Methanol 3.505 

Qtoreboiler 

8.587 0.64 Methanol 

13.41 

0.0593 0.004 Triolein 

3.38 0.252 methyloleat 

1.1291 0.0842 Glycrol 

0.25 0.0187 NaOH 

Qbottom 

0.3217 0.0626 Methanol 

5.137 

0.0593 0.0115 Triolein 

3.3797 0.65 methyloleat 

1.126 0.2193 Glycrol 

0.25 0.0487 NaOH 



                     + 0.25 (28.23) * (125 – 25 )                        

= 234164.5KJ/hr                       

 (79.5) (3.22) =11703.2KJ/hr  Q top     = ∑ nCp T = (3.505 )  

Q Cool   =  Qf+ Qheat + Q top  + Q bottom = – 31478.06KJ/hr 

  

Table(4-5): Energy balance on the  first distillation column  (D-101)  

Stream Qin (Kj/hr) Qout (KJ/hr) 

Qf(106) 91210.34  ––––– 

Qheat               123179.3     ––––– 

Qtop –       11703.2 

Qbottom – 234645 

Qcool –       -31478.06  

Total            214389.64    214389.64 

  

 

(4-4) Energy balance on the cooler: 

  

Figure(4-4): The cooler 

                                                           

 

Q bottom(202A) = Q (203) + Q cool  

Q bottom    = 214389.64KJ/hr  



Q (203)  =∑ nCp T 

            ={(0.3217 )*(79.5)+( 0.0593 )*(1483.04 )+ 0.25* (28.23) + 

                 3.3797*(583.2155)+1.1266*(221.9)} * (122-60)   

=81958KJ/hr               

 

Qcool =( Qbottom) – (Q(203))= 214389.64-81958=132431.64KJ/hr 

Table(4-6): Energy balance on the cooling 

Stream Qin(KJ/hr) Qout(KJ/hr) 

Q(202A) 214389.64  - 

Q(203) - 81958  

Q cool -    132431.64  

Total flow 214389.64  214389.64 

 

(4-5) Energy  balance on  liquid-liquid extraction(L.L.E-101): 

Figure(4-5): liquid-liquid extraction(L.L.E-101) 

 

Q water + Q 203 = Q 301 + Q 302   

Q water= 0.0 because at reference   



Q 302  = ∑ nCp T 

          =   (0.1928 ) (79.5) + 1.1266 (221.9) + 0.0912 (28.3)+ 0.5955 (75.7)  

(35)   

          =7490.9KJ/hr         

Q 301 =Q(203)- Q(302) 

          =214389.64 – 7490.9 

          =20689.874KJ/hr  

  

Table(4-7): Energy  balance on  liquid-liquid extraction(L.L.E-101)   

Stream Qin(KJ/hr) Qout(KJ/hr) 

Qwater 0 - 

Q(203) 214389.64  - 

Q(301) - 206898.74 

Q(302) - 7490.9 

Total flow 214389.64         214389.64 

 

(4-6) Energy balance on splitter: 

Figure(4-6): splitter 

  



Qin       =   Qout  

Q 301  = Q 301A + Q 301B   

           Q 301B = (0.1588)*(1376) *(35)=7647.8KJ/hr  

Q 301A =Q 301 – Q 301B =206741.84KJ/hr   

  

  

  

  

  

  

  

  

Table(4-8): Energy balance on splitter   

Stream Qin(KJ/hr) Qout(KJ/hr) 

Q(301) 214389.64  - 

Q(301A) - 206741.84 

Q(301B) - 7647.8 

Total flow 214389.64      214389.64  

 

(4-7)Energy balance on the second distillation column (D-102): 

Figure(4-7): The second distillation column (D-102) 



  

  

Table(4-9):  The mole &mole fraction for each energy stream  on the 

second distillation column (D-102)                           

Stream 

mole(kgmole/h

r) 

mole 

fraction 

Compositio

n 

Total 

(kgmole/hr

) 

QBottom 

(402) 0.0593 0.9996 Triolein 0.0593 

Qtoreboiler 

2.6562 0.9705 Triolein 

2.7371 0.0809 0.0295 Methyloleat 

Q (401) 

3.3687 0.9993 Methyloleat 

3.3708 0.0021 0.0006 Methanol 

Q(401A) 

0.1267 0.8308 Methanol 

0.1526 

0.0109 0.0714 Methyloleat 

0.0149 0.0979 Water 

  

Qf(301A) + Qheat (boilup)= QTop+QBottom(402) +Qcool 

 

Qtop= Q(401A) + Q(401)  

 



Qboilup= Qbottom +Qtoreboiller  

 

QBottom(402) = { (0.0593 kgmole/hr)  (1483.04kj/kgmole.c)  (521.7-25 c  

)} 

                    = 43681.9199KJ/hr   

 

Qtoreboille   = {(2.26562 ) (1483.04) + (0.0809)  (583.215)} (521.7- 257.1) 

                     =901541.727kJ/hr  

 

Q(401)            = {(3.3687kgmole/hr)(1483.04 kj/kgmole.c)+(0.0021) (79.5)} 

(189.6-25) 

                     =822355.3932 KJ/hr   

 

Q(401A)      ={ (0.1267) (79.5) + (0.0109)(583.215)}  (189.6-25) 

                    = 2888.95 kJ/hr  

 

Qtop            = Q(401A) + Q401=2888.95 kJ/hr+ 822355.39 kJ/hr 

                   =825244.34KJ/hr 

Qheat (boilup) = QBottom + Qtoreboiler 

                   = 43681.9199 kJ/hr + 901541.727KJ/hr 

                  =945229.64 KJ/hr 

  

Qf(301A) + Qheat (boilup)= QTop+QBottom(402) +Qcool 

 

206741.84 +945229.64 =825244.3+43681.9199+Qcool  

Qcool =1151971.487-(825244.3+43681.9199) 

          =283045.26KJ/hr 

  



Table(4-9): Energy balance on the second distillation column   

Stream Qin(KJ/hr) Qout(KJ/hr) 

Qf(301A) 206741.84 – 

Qheat 945229.64 – 

Qtop – 825244.3 

Qbottom –      43681.919 

Qcool – 283045.26 

Total       1151971.48        1151971.48 

 

  

 


