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Abstract

The utilisation of waste heat above the acid dew point is already standard. Below the acid dew point, the energy is typically not utilised due to the danger of corrosion damage. A biomass power plant constructed in the UK shows how energy can also be recovered below the acid dew point, and that the overall efficiency of the power plant can be significantly increased by the use of latent and sensible heat. 

1. Net and gross calorific value

The thermal performance of a biomass power plant is usually calculated on the net calorific value (sensible heat). This is based on the assumption that the latent heat generated during the condensation of water in the flue gases is not used, and the water leaves the system in gaseous form. The latent heat in the flue gas is therefore not taken into account. This means that especially for wet residues the net calorific value is much lower than the gross calorific value. With the use of latent and sensible heat it is possible to achieve overall efficiencies from more than 100 % (based on the net calorific value of the organic residue materials). Figure 1 shows the relationship between net and gross calorific value and the resulting energy potential.

2. Acid Dew Points

For the use of latent and sensible heat the flue gas will be cooled below the acid dew point. The biomass-flue gas, especially during the combustion of waste wood, contain pollutants such as SO3 and HCl. Together with water, the pollutants form a highly corrosive acid mixture. By using the appropriate heat exchanger material AlWaFlon®, the use of sensible heat even below the acid dew point doesn’t cause any problems anymore because this flourpolymer material can resist aggressive acid at high temperatures.

3. Example

The process of making alcohol in a distillery produces large quantities of organic waste.
Previously, the distillery disposed of this waste externally. However, as the disposal of this moist, organic waste has become ever more difficult and expensive, and as energy prices continue to rise, the decision was made to construct a biomass combined heat & power plant. 

The new biomass power plant, which is designed to dispose of approx. 180,000 tonnes/yr of moist production waste, covers approx. 98% of steam needs and 80% of the distillery's electricity requirements. Focus on the greatest possible efficiency in the plant began in the design phase. For this reason, the operator opted to use the innovative CEECON-Bi condensing economiser. (Fig. 2)

The condensing economiser is a 3-zone heat exchanger plant. This plant can recover not only sensible (perceptible) heat, but also latent heat, from the flue gas. This causes the flue gas to drop below the acid dew point. The material used in this area, is the highly corrosion-resistant flourpolymer AlWaFlon®. 

In the second zone, the latent heat content of the flue gas is recovered. As it was very important to the plant operation to minimise pluming from the chimney, the third zone of the condensing economiser uses a branch current from the recovered heat to adjust the chimney exit temperature. This effectively minimises the risk of the formation of vapour.

With the aid of the condensing economiser, unused thermal energy of the flue gas can be recovered. This equates to an increase in the conversion efficiency of the biomass thermal energy to electricity of 8% by reducing the quantity of extract steam from the steam turbine. The quantity of fresh water used by the distillery could also be reduced by using the condensate. Operating costs therefore also fall.

4. Summary

By increasing the overall efficiency of the power plant, the innovative condensing economiser should quickly pay for itself and will make a long-term contribution to the reduction of operating costs and CO2 emissions.
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Fig. 2: Three-step heat condensing economiser CEECON BI
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