TOPIC : Boiler

	

	Part I: Biomass Fuels
In energy audits of combustion systems, fuel properties are mostly neglected or not well understood, leading to false recommendations and undesirable side effects

	In this instalment of tool kit, we would try to understand how the physical and chemical properties of fuels are reported. This will help us to appreciate how published data about fuel properties are confusing and how to calculate correct fuel data for thermal efficiency calculations. This will enable us to know the properties of local fuels and discuss fuel-switching options with a client.
Fuel costs are by far the highest cost of most boiler operations. They account for 60%-90% of total steam costs in most systems. Thus, reducing fuel costs is a major objective of any boiler energy audit.
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An energy auditor would be interested to reduce fuel costs even if the energy consumption stays the same or increases. This strategy may conflict with energy conservation projects required to save fuel energy because some energy conservation projects save energy costs but increase energy consumption. A typical example is a fuel switch from expensive fuel oil to cheaper solid fuels.

	Purchasing Practices

	The first questions to be asked are how the client purchases solid fuels and whether the firm has an option and can choose from various suppliers. Firms requiring large quantities of solid fuels should not purchase by the tonne but rather pay per Mega Joules (MJ) of energy received. 
The reason is that solid fuels such as coal, wood or bagasse may carry large quantities of water or ash. Both solid fuel components are not contributing any MJ to the energy input to the system. Even worse, they will significantly lower system efficiency. In the case of water, additional energy is needed to evaporate it and in the case of large amounts of ash, some carbon remains in the ash and valuable chemical energy is discharged through the waste bin. 
Purchasing solid fuels based on Rs/1,000 MJ can alone reduce energy costs significantly and will improve thermal efficiency because it may result in reduced water and tramp ash on delivery.
The second issue that should be clarified prior to an audit are the so-called opportunity costs of solid waste fuels. Firms that generate their own waste (sugar mills, rice mills, wood and food processing companies) often wrongly argue that the fuel is a waste and is therefore for free. In reality, no fuel is for free because of fuel processing and benefication costs from the state of 'as received' (AR) to 'as fired' (AF) as well as lost opportunities to use available excess fuel energy for other purposes such as power generation.

Preparing a table as shown for the case of wood highlights the issue (table 1). It is assumed that minimal wood waste costs the same Rs 500 per tonne independent of its moisture content. Any moisture in a fuel will lower the thermal efficiency, as indicated in column 4. Of interest are only the costs for the 'useful energy' found in the steam.
There is a double penalty to be paid if a high moisture fuel is bought in Rs per tonne instead of Rs per energy content. Reasonably dry wood with 20% moisture costs about Rs 43 per 1,000 MJ of useful energy, while very wet wood at 60% moisture would cost about Rs 113 or 260% more. Changing purchasing practices can therefore significantly reduce fuel costs and improve thermal efficiency. 
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	Table 1: Wood (50 % C, 6% H, 44% O, 0% N, 0% S) 

Moisture
%
HHV
MJ/tonne
LHV
MJ/tonne
System
ETA *
Rs/tonne
Rs/1,000
MJ
Rs/1,000
MJ useful
0

19.71

18.39

77.12

500

25.37

32.90

10

17.74

16.31

75.57

500

28.18

37.29

20

15.77

14.23

73.64

500

31.71

43.06

30

13.80

12.14

71.15

500

36.23

50.92

40

11.83

10.06

67.81

500

42.27

62.33

50

9.86

7.97

63.12

500

50.71

80.34

60

7.88

5.89

56.02

500

63.45

113.26

70

5.91

3.81

44.06

500

84.60

192.01



	* System efficiency taken from 10 tonne per hour steam boiler fired with wood, at 8% O2 
(dry gas, for all moisture contents). Source: Calculations by the author.
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	Properties of Solid Fuel

	There are four common standard tests while determining the physical and chemical properties of a solid fuel. They are:

	· The ultimate chemical analysis determines the mass percentage of Carbon (C), Hydrogen (H), Oxygen (O), Nitrogen (N), Sulphur (S), ash and water of the fuel. 

· The proximate analysis determines the mass percentage of volatiles, ash and fixed carbon. 

· A test to determine the moisture content of the fuel on a wet or dry basis. 

· A bomb calorimeter test to determine the Higher Heating Value (HHV) of the fuel in MJ/kg as received. 

	There seems to be an amazingly high level of confusion and misunderstanding concerning reporting of solid fuel properties. One should be aware of the following points. 
Laboratories determine the HHV of the fuel (as received). Most laboratories report the HHV on a moisture free basis (MF). That may cause the misconception that the HHV is the energy content of a fuel in a totally dry state.
The LHV is not measured but rather calculated from the HHV. In order to calculate the LHV, the amount of water vapour generated during the combustion of the fuel must be known. The water vapour refers to physically and chemically bound water in the fuel. Calculating the chemically bound water in the fuel, one must know the hydrogen content of the fuel. The LHV is certainly not the energy content of the fuel in a wet state. It is the HHV minus the energy stored in the physically and chemically bound water of the fuel. 
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Any ultimate chemical analysis of a fuel where the percentage of the species does not add up to 100% is incomplete. Whoever has done the test forgot to report the results of the proximate analysis. 
As an energy consultant, we are mostly interested in four numbers: the HHV, ash, moisture and sulphur content of the fuel. In the literature reporting of solid fuel properties are either done on an 'as received' (AR), 'as fired' (AFIRED), 'ash free' (AF), 'moisture and ash free' (MAF) basis. It is a quite challenging task to figure out on what basis the data is reported.
All biomass fuels, except coal, no matter whether we talk about rice hulls, water lilies, wood, bagasse or coconut shells, have on the average the following ultimate chemical composition on a moisture and ash free basis.



	C: 50 %
H: 6 %
O: 44 %
N: 0 %
S: 0 %.

	All biomass fuels also have a higher heating value of about 20 MJ/kg on a moisture and ash free basis. The above generic ultimate chemical composition of biomass combined with more specific data about the moisture and ash content of the fuel is sufficient as data input for thermal efficiency calculations of biomass fired combustion systems.
In essence, we have to remember that large quantities of either moisture or ash in a fuel give ample opportunities for energy saving potential. We also have to remember that only traces of sulphur are found in solid biomass fuels except for coal. 

	Dr Albrecht Kaupp is Senior Advisor-Energy, IGEEP


Reference :
 Volume 1, Issue 3 (Oct-Dec 2002)
