Annual efficiency of small scale biomass combustion systems
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Abstract:
The introduction of the EN 303-5 as reference for certification tests of small scale biomass boilers has lead to a tremendous improvement of the tested performance indicators over the last decades. However, today results obtained from EN 303-5 testing, which is done under full load and part load operating conditions only, does not allow sufficient and substantial differentiation between well and poorly performing products anymore. Even more, interpretation of results are sometimes misleading, as real differentiation happens under real life conditions. The gap between efficiencies determined under the testing conditions of EN 303-5 and annual efficiencies determined in field tests [1] is significant.

The reasons for the differences are manifold:
· Different operating parameters of tested and marketed appliances
· Poor load control concepts not allowing for adaptation to real heat demand
· Poor heating system designs and poor system integration (oversizing, buffer losses,…)

This contribution will discuss the following topics: (1) The development of a load cycle test for determination of annual efficiency and emission factors on the test bench [2]; (2) annual efficiencies determined for different system configurations to supply room heat and sanitary water; (3) technology and system specific aspects to improve annual efficiencies. This paper will not discuss required qualification measures for installers.

As field testing is difficult and expensive a novel testing procedure, a load cycle test, is proposed, which allows for the determination of annual efficiency and emission factors at the test stand. The testing cycle of 8 hours is an aggregation of different heating profile days. Evaluation lasts longer. It ends with the return of the tested boiler to thermal equilibrium to the defined starting conditions. The influence of the use and sizing of hot water heat tanks on seasonal efficiency are considered by calculation only.

[Insert Figure 1 here]

The used measurement equipment is equivalent to EN 303-5 in order to allow established laboratories to easily extend their activities with the proposed load cycle test.

Selected results will be presented and discussed showing the performance of different biomass boilers and relating the results also to EN 303-5 testing.
The second part of our contribution is related to system design and the assessment of the performance of different biomass boilers under different system designs and system requirements. To do so different heating system designs are experimentally investigated at the test bench and the load control concepts are assessed. The variations consider in particular use / non-use of hot water heat storage tanks, sizing of the tanks, and integration of solar thermal for sanitary water supply. Test bench results are evaluated with results from monitoring data of equivalent field installations.

Finally obtained results are used to propose, implement and demonstrate technological and system design measures to substantially increase annual efficiencies of small scale biomass heating systems. This latter process is still on-going results will be available already by the time of the presentation of this work.


Fig.1: Load cycle profile [2]
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