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Question 1 (12 points)

Explain the meaning of the following words
1.1 Fixed Carbon
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Question 2 (20 points)

The capacity of Boiler is 30 Tons/h. Calculate the energy in and energy out for this boiler
(in unit of MJ/h). Also calculate the efficiency of boiler, draw the energy balance and

sankey diagram. The followings are the parameters using for calculation.
Fuel

- Fiber fed to boiler is 6,000 kg/h.
- Low Heating Value of fiber (Fuel) 11,000 kJ/kg

- The ambient temperature is 30 °C.
- Specific capacity of air 1.1 kJ/kg.°C
- Air flow rate for combustion 13,000 m’/h
- Air density 1.2 kg/m3
Reference Air Temperature

- Reference air temperature is 25 °C.
Water to Boiler
- Temperature of raw water 29 °C.
- Temperature of feed water is 100 °C.
- Feed water to boiler is 19.2 m’/h.
Steam
- Temperature and pressure of steam are 260 °C and 20 bar.
- Enthalpy of steam 2799.50 kJ/kg.
- surface temperature of boiler is 50 °C

Blow Down

The blow down temperature is 90 °C from field measurement and blow down 2 times per
hour for 60 seconds per time. Table 1 shows the amount of blow down.

Table 1 Amount of Blow down

Item Blow c310wn Time
() s)
Manual Blow down
1 0.3 60

Remark: 2 times per hour
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Flue Gas
Use G = 7.44 Nm’/kg

Table 2 Flue Gas Measurement

Item Measurement Unit Value
Data
1 Flue gas Temp °C 280.1
2 Excess air % 145.3
3 0, — Content % 12
4 CO; — Content % 8.3
5 CO — Content Ppm 156
6 Eff.Gross % 85.1
7 Eff Net % 90.6
8 Amb.Air.Temp °C 36.5
9 Flue.Draught Mbar -0.78
Table 3 Amount of Ash
Item Ash Time Ash Remarks
(kg/time) (h/time) (kg/h)
Fly Ash
1 300 4 75
Bottom Ash
1 300 6 50 Above grate
2 450 240 2 Under grate

Total Ash 127
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Question 3 (20 points)
The followings are details for floating drum design:
Item | Details Values
1 Amount of manure 2,900 kg/day
2 Ratio of amount of manure and digester volume | 5.7 kg/0.075 m’
3 Retention period 60 day
4 Cylindrical Shaped digester
- Thick 0.15m
- Ratio of diameter and height 1:1.25
5 Amount of required biogas 105 m’/day
6 Coldest ambient temperature 17 °C
7 Surrounding temperature of digester 22 °C
8 Inside temperature of digester 35°C
9 Thermal conductivity of material for gas holder 3 kJ /(hr.m2.°C)
10 Thermal conductivity of material for digester 2.5 kJ/(hr.m*.°C)
(floor, area between digester and gas holder)
Calculate

3.1 Digester volume, diameter and height of digester.
3.2 Gas holder volume, diameter and height of gas holder.

3.3 Heat loss from digester and gas holder (in unit of kJ/day)
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Question 4 (15 points)

There are different types of gasifiers. How many types of gasifier? Explain and draw each
type in details. Also explain various zones in each type of gasifier.
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Question 5 (20 points)

5.1 Explain the meaning of the following words
1. Low Heating Value (LHV)
2. High Heating Value (HHV)
3. Dry Heating Value

Which heating value is appropriate for the use in industrial sector? Why?

5.2 Explain the meaning of the following words. Also give the 4 examples and application
of each item

1. Fossil fuels
2. Renewable energy
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