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Abstract. Burn-type CO, generators are widely used in greenhouses for the purpose of CO, supply for
photosynthesis and greenhouse heating. However harmful gases included in the air might give severe effects
on the plant growth. For investigating the possible emission of harmful gases from commercial burn-type
CO; generators, we carried out the analysis of the harmful by-products (NO, NOx, NO,, CO, and VOCs)
and CO, caused by using a burn-type CO, generator in greenhouses. And the harmful by-products from dif-
ferent type of fuels such as kerosene, LPG, and LNG were quantified. In order to minimize the uncertainties
from a CO, generator, 4 different CO, generators were utilized in four plastic greenhouses and a glasshouse
located at different places during the experimental works. The results showed that the concentration of NOx
is proportional to CO, concentration. Levels of harmful gases in the most of greenhouses, where the new
burn-type CO, generators were installed, were lower than 1.0 ppm when CO, concentration was set at
1,000 ppm. In case of LNG combustion, the concentration of CO reached out up to 300 ppm and pre-treat-
ment for CO reduction, such as the adsorption process, would be inevitable to abate the adverse effects on
plant growth.
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Table 1. Specifications of CO, generators installed in five greenhouses.

Greenhouse A B C D E
Fuel kerosene LPG kerosene LPG LNG
Heat capacity (kcal/h) 100,000 47,000 50,000 50,000 80,000
Greenhouse size (m?) 4,290 2,970 3,960 4,220 7,920
Screen operation Closed Closed Closed Closed Open
Installation year 2009 1998 2009 2009 2003
Producer (country) Japan Netherlands Korea Korea Japan
Ventilation number (1/h) 0.19 0.2 0.15 0.19 0.18
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Fig. 1. Time courses of CO, concentrations in the greenhouses while burn-type CO, generators worked or not (A-Kerosene,
B-LPG, C-Kerosene, D-LPG, E-LNG).
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Fig. 2. Time courses of harmful gases (NO, NO,, NOx, and CO) concentrations (A, B, C, D) or NO, NO,, NOx concentra-
tion and CO concentration (E) in the greenhouses while burn-type CO, generators worked or not (A-Kerosene, B-LPG, C-

Kerosene, D-LPG, E-LNG).
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Table 2. Concentrations of harmful gases at CO, 1000 ppm.

FAe w24

Greenhouse CO (ug/L) NOy (pug/L) NO (ng/L) NO, (ng/L) Fuel/Installation year
A 560 + 237 456+4.9 44142 15+0.6 Kerosene/2009
B 1,533+7.3 1,682 +37.2 1,020+ 32.8 66+ 12.8 LPG/1998
C 591+£8.1 196 +£2.1 164+£22 32+1.0 Kerosene/2009
D 181+2.5 191+£23 179+£3.6 1+£15 LPG/2009
E 340,000 + 9900 781+7.1 706 £ 8.2 75+£2.7 LNG/2003
*Maximum concentration of each gas with three replications + SD
Table 3. Concentrations of harmful gases at maximum CO, concentration.
Greenhouse  CO, (mg/L) CO (ug/L) NO(pg/l) NO(ug/Ll)y NO;(ug/l)  Fuel/Installation year
A 1822 +£3.017 887+2.1 740+ 8.0 715+6.9 25+ 1.1 Kerosene/2009
B 1754 £26.8 2111+22.8 2370+£52.4  1439+463  931=18.1 LPG/1998
C 1102+ 7.0 605+ 10.5 196+£22 16422 32+£1.0 Kerosene/2009
D 1098 £ 6.6 166+ 0.15 176 £2.1 165+3.3 10+1.4 LPG/2009
E 16890 +355  313,000+38000  710+6.5 642175 68+£2.4 LNG/2003

*Maximum concentration of each gas with three replications + SD
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erator worked or not.
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Table 4. Concentrations of total volatile organic compounds (TVOC).

Green Benzene Toluene Ethyl benzene Xylene Stylene TVOC

house (ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’)
A ND* 15.0 1.2 18.9 ND 34.8
B 23 172 10.7 13.8 3.7 153.2
C 1.9 14.1 8.6 11.6 ND 1153
D ND 7.7 3.6 7.3 ND 55.0

“ND-non detective
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