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Greenhouse gas emissions from blackwater septic systems in Hanoi, Vietnam
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This study investigated the emission rates of greenhouse gases (GHGs), namely CH4, CO2, and N2O, from
septic systems in Hanoi, Vietnam, which are located in a subtropical climate region. The influence of
septic tank conditions such as effluent characteristics, sludge compositions, septage storage period, and
hydraulic retention time (HRT) were also investigated, together with seasonal variability of GHG
emissions and pollutant removals. This study might strongly conribute to improvement of the IPCC
emission factor on septic sytems that was made based on the relationship between CH, and organic loading

in anaerobic lagoons.

Chapter 1 introduced the background of the study that motivates to conduct this research and described

the objectives of the study, research framework and schedule of the survey.

Chapter 2 aimed to review the current wastewater management and onsite sanitation situation in Hanoi,
Vietnam. The global GHG emissions from waste sectors and wastewater handling were also studied. This

chapter also reviewed the available GHG emission rates from septic systems and the research gaps.

Chapter 3 purposed to estimate GHG emissions from septic systems in a developing country, with the
influential factors to the emissions, as a case study of Hanoi, Vietnam. The CH4, CO5, and N2O emissions
from ten septic systems (ST1 — ST10) in the urban area of Hanoi, Vietnam, were measured by the floating
chamber method. The monitoring was conducted in June — July, 2019. The measured CH; and CO;
emission rates were 13.9 = 4.8 and 23.7 £ 9.6 g/cap/day (Avg £ SD), respectively, whereas those of N.O
were at the negligible levels. The CH,4 emission rates were negatively correlated with septage ORP (R =
-0.68, p = 0.015) and DO (R = -0.55, p = 0.064), and positively correlated with septage COD mass (R =
0.71, p = 0.0098) and BOD mass (R = 0.65, p = 0.023). Further, the CH4 emission rates from septic
systems with longer storage periods (more than 7 years) were significantly higher than those from septic
systems with shorter storage periods (less than 7 years). These results suggest that lower ORP and DO, and
higher biodegradable carbon mass in association with longer septage storage periods are key conditions for

CH. emissions from septic systems. Therefore, controlled or regular septage emptying could contribute to
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improve not only the removal efficiency of septic systems but also its GHG emission rates. Thus, the
results will contribute to estimate global GHGs emissions from septic systems in developing countries and
be essential information for mitigating the GHG emission.

Chapter 4 evaluated mass balance of the septic systems with seasonal variation. CH4, CO; and N2O
emissions were monitored in summer (26 — 33 °C) and winter (14 — 19 °C) in the urban area of Hanoi,
Vietnam. The summer survey was conducted at the ten septic systems (ST1 — ST10), as shown in Chapter
3, and the winter survey monitored at fifteen septic systems (ST1, ST2, and ST11 — ST23) in December
2019 — January 2020. The influent, effluent characteristics, and septage composition were also monitored
to evaluate the performance of the septic systems and their impacts on GHG emissions. The CH4 and CO,
emission rates were 13.9 + 4.8 and 23.7 = 9.5 g/cap/day in summer, 15.5 + 11.2 and 29.9 + 16.0 g/cap/day
(Avg £ SD) in winter, respectively. The results indicated that the GHG emission rates were not
significantly different between summer and winter in Hanoi, which could be attributed to stable conditions
in septic systems (ORP, DO, organic mass). The mass balances of carbon, nitrogen and phosphorus were
analyzed for ST1 and ST2. The C, N, and P removal efficiencies were 59%, 24% and 6% in ST1 and 22%,
12% and 0.5% in ST2. Higher septage storage period of ST2 might reduce removal efficiencies of ST1.
The CH4 and CO; emissions were not only produced from carbon in the influent, but also from carbon in
the septage because septage still contained high amount of biodegradable organic matter after long storage
time. The CH4 emission rate per-capita in the present study was 59%, smaller than IPCC emission factor.
This result could be attributed to lower BOD loading and removal efficiency of septic systems in the
present study as 23 + 10 g-BOD/cap/day and 33 + 18%, respectively. Therefore, for better estimation of

CH. emissions from septic systems, BOD loading and removal efficiency are the key factors.

Chapter 5 represented the summary of the thesis and recommendations for the further studies, such as the
GHG emission monitoring from all the compartment should be considered for more accuracy, and the
investigation of GHG emissions for different onsite sanitation facilities from different regions is
recommended for a broader understanding of global GHG emissions from onsite sanitation facilities.
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