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Abstract of Thesis

With rapidly declining energy, water, and food securities, increasing carbon emissions and underwhelming
performance in global sustainable development indices, Sri Lankan government has introduced a national policy on
sustainable consumption and production in 2019 to increase awareness among people regarding sustainable
lifestyles and to develop tools to monitor sustainable development impacts by 2030. With little to no information
currently being available, timely need to unravel and comprehend the performance of socio-economic metabolic
flows surging through Sri Lankan urban systems is undeniable. Thus, this research intends to explore the past and
present patterns for energy, water, food flows and related emissions to reveal sustainability and environmental
consequences of energy production and household consumption in Sri Lanka.

In the second chapter the dynamic energy metabolic model which consists of energy demand, energy supply
and transformation and CO, emissions was developed based on population, population growth, GDP, GDP growth
and income from 2000 to 2015. Forecasted energy flows show an average annual growth rate of 4.06% in energy
demand and 3.36% in CO; emissions compared to 2000. The strongest flow is between biomass and domestic and
commercial sectors. Evaluated metabolic indicators reveal decreasing energy intensity and decreasing energy
security with increasing dependence of energy imports.

The third chapter further simulates the developed dynamic energy metabolic model to evaluate the
sustainability of energy metabolic flows using an integrated sustainability index followed by a scenario analysis.
Results show post-conflict economic development has taken a toll on the overall sustainability of the energy system
which has become stagnant since 2010. Intended nationally determined contributions-based scenarios show more
than 10% CO; reductions in each scenario. Supply side measures show major improvements in economic and
environmental indictors while demand side energy measure shows moderate improvements but in all three
dimensions i.e., economic, social, and environmental.

Chapter Four focus on evaluating household resource flows i.e., energy, water, food, CO, emissions and
food waste in Sri Lanka using a bottom-up approach by converting household expenditure survey data into physical
quantities. Mapped out resource flow diagrams demonstrate the inputs, outputs, and the distribution of resources
among metabolic processes. Metabolic indicators evaluated against environmental sustainability indicate declining
intensities of energy and food consumption and inclining intensities of water consumption and emissions can be
observed during the past decade. Tracing consumption patterns across metabolic flows reveal extensively linear
metabolic flows with comparatively pro-environmental patterns in resources extraction. Lack of proper
disposal/recycle measures for food waste and wastewater has jeopardized the circularity of metabolic flows causing
irreversible environmental deterioration.

Chapter five analyse direct and indirect carbon flows in Japanese one-person households using embodied
emission intensity data based on input-output tables coupled with household consumer expenditure survey data of
more than 50000 households spread over 500 distinct categories of goods and services. Results show that declining
members per household can increase carbon emissions 1.5 times. Further improving environmentally conscious
behaviour of householders and reducing embodied carbon emissions can reduce energy consumption and related
emissions.

This study highlights environmental impact of increasing dependence in non-renewable energy sources and
environmentally harmful water consumption, food waste and wastewater disposal practices. The past and present
energy production and household patterns can provide insights and structural guidance for the decision makers to set
the production and consumption patterns on a sustainable development path that is imperative in the long run.
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