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Editorial

Prof. W.L. Sumathipala
Chief Editor

the physical modelling of Earth’s climate, quantifying

variability and reliably predicting global warming” and
“for the discovery of the interplay of disorder and fluctuations in
physical systems from atomic to planetary scales”. Therefore, it
is encouraging to note that climate change has been recognized
and has been considered for the Nobel Prize.

The Nobel Prize in Physics in 2021 was awarded “for

Climate change and the ozone layer depletion have become
the most important environment subjects discussed at present
among many other topics such as biodiversity, forestry etc. As
these two are linked very closely they can be discussed as a
single problem: climate change. Climate change influence is felt
all over the world on living and non-living systems without any
discrimination, and this problem is not limited to a particular
country or a region; or developed or underdeveloped, rich or
poor, continent or island. Since it is an atmospheric and global
problem, the solution cannot be found by a single country.
Therefore, the whole world has come together to find a
reasonable, acceptable, manageable and affordable physical
solution.

A treaty, specifically to tackle climate change named United
Nations Framework Convention on Climate Change (UNFCCC)
was agreed upon nearly 30 years ago in 1992. Discussions have
taken place, practical solutions agreed upon and commitments
made, but the results have not been satisfactory. Atmospheric
greenhouse gases (GHGs) continue to rise and devastating
weather related events such as forest fires, heavy rains, floods,
landslides and prolonged droughts are taking place all over the
world.

imate Change

is Recognised by the ———

Committee

Amidst all these problems and even with the COVID 19
pandemic, the world leaders met at the Conference of Parties
27 (COP 27) in Sharm-El-Sheik in Egypt to discuss the way
forward to a reasonable, agreeable and workable solution to
tackle the problem. In the meantime, the Committee of the
Nobel Prize has shown their concern about devastating and
worsening climate change by awarding the 2021 Nobel Prize for
Physics for work related to climate change.

2021 NOBEL PRIZE IN PHYSICS ()

Awarded to Syukuro M,

be and Klaus Hasselmann for physical modelling of the Earth's climate, and
to Giorgio Parisi for the discovery of the interplay of disorder and fluctuations in physical systems

The-2021-Nobel-Prize-in-Physics

ed undera CC Attribution-NonCommercial-NoDerivatives 4.0 lic

@\ © Andy Brunning/Compound Interest 2021~ compoundchem.com | @compoundchem
A\ This araphic is shared n-NanCem Olicence
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Prof. W.L. Sumathipala

Alfred Nobel © ThoughtCo

The Alfred Nobel Prize commenced in 1901 and was awarded to
individuals for “contributions to our understanding of complex
systems”. The first Nobel prizes were awarded in Stockholm,
Sweden, in the field of Physics, Chemistry, Medicine, Literature
and Peace on the fifth death anniversary of Nobel as stipulated
in his will. According to his last will, it is directed that the bulk
of his wealth be placed in a fund and the interest be annually
distributed in the form of prizes in the five fields stated above.

Even as far back as in 1995, the Nobel Prize for Chemistry
was awarded to Paul J. Crutsen (Meteorology), Mario J.
Molina (Earth atmosphere and Planetary Sciences) and F.
Sherwood Rowland (Atmospheric chemistry) for their work

A pyrocumulonimbus cloud — a thunderstorm
cloud created by the intense heat from a massive
wildfire © Kyle Brittain, The Weather Network

on formation and decomposition of ozone (nobelprizes.org/
prizes/chemistry/2007/summary/). Later, this discovery led

to strong action on protecting the ozone layer and climate
change mitigation. In 2007, the Nobel Prize was awarded to
Intergovernmental Panel on Climate Change (IPCC) and US Vice
President, Albert Arnold Gore (Jr) for their efforts to build up
and disseminate greater knowledge about man-made climate
change laying the foundation for measures that are needed to
counteract such changes (nobelprizes.org/prizes/peace/2007/
summary/). Further, in 2018, William Nordhaus received the
Nobel Prize for Economics for integrating climate change

into long-run macroeconomic analysis and growth models
(nobelprizes.org/prizes/economic-sciences/2018/summary/).

It is noteworthy to highlight that the 2021 Nobel Prize for
Physics has been awarded to three eminent scientists for their
work on complex physical systems and the interplay of disorder
and fluctuations of physical systems from atomic to global
scale (nobelprizes.org/prizes/physics/2021/summary/). The
field of Meteorology in Physics has been given prominence
and it stresses the importance of the physical environment.
Prof. Syukuro Manabe for his finding that carbon dioxide and
water vapour leads to global warming and his lifelong work
on modelling climate change; Prof. Klaus Hasselmann for his
understanding that human activities made global warming and
his work on climate change modelling and Prof. Giogio Parisi,

a theoretical physicist for his work that helped to understand
complex systems which have higher randomness and disorder
(Eg. weather and climate phenomena) were awarded the
prize. According to the committee on Physics, the committee
has valued the work of these scientists for their independent
studies showing that models could predict the complex nature
of climate change. Their work broadens knowledge about

the climate and it rests on a solid scientific foundation, based

NeelaHaritha 2023 | 5



Editorial

on rigorous analysis and observations. Their combined work
recognizes the new methods for describing climate change and
predicting long-term behavior.

From all the above facts, it is very clear that climate change is
a subject that has to be taken very seriously and hopefully, the
2021 Nobel Prize for Physics, highlighting climate change will be
an eye opener - especially to world leaders of industrialized and
developed countries. Further studies on climate change, ozone
layer depletion and the linkage between them will be very
interesting and useful to save the planet earth for the survival
of future generations.

These two global atmospheric problems are very closely
interlinked and some of the links are discussed below.

® Primarily the earth atmosphere behaves according to the
amount of energy it receives. Most of the energy is
supplied by the Sun via radiation except for a small fraction
that comes from the earth’s interior as volcanic eruptions.
The amount that is received at the earth surface is largely
controlled by the ozone layer and decomposition of ozone
at the upper atmosphere will let excessive amounts of
radiation energy (high energy short wave Gamma rays,
X-rays and UV rays) reach the earth surface and warm the
earth atmosphere system resulting in global warming and
climate change.

® |f the ozone layer is destroyed the troposphere will rise
up to 90km and clouds will develop to that level instead
of 10km, producing an enormous amount of rainfall
leading to disastrous floods and related problems.

® |f the upper atmospheric ozone layer is destroyed, the
harmful shortwave high energy radiation (UV rays) will
reach the earth surface which will lead to the production
of toxic ozone at the ground level which is a greenhouse
gas leading to enhanced global warming and climate
change.

® Additional energy received at the surface and warming
the oceans will produce a high number of severe cyclones/
hurricanes.

® Hydroflourocarbons (HFCs) and Hydrochlorofluorocarbons
(HCFCs) introduced by the Montreal Protocol as
replacements to ozone depleting substances are powerful
greenhouse gases that lead to global warming and climate
change. However, the Montreal Protocol has taken steps to
replace them with environment friendly substances.

® \Warming activates the reaction that destroys ozone
and more energy will reach the earth surface and further
warming will take place. Therefore, there is a positive
feedback process in a cyclic manner that increases
warming and climate change.

6 | NeelaHaritha 2023

Ozone depletion ©
NASA Ozone Watch

® Plant growth will be reduced due to high energy radiation
reaching the troposphere. Due to this process, carbon
dioxide sequestration will be reduced and global warming
will be enhanced leading to a change of climate.

® Thin ozone layer will let UV radiation and UV-B penetrate
much deeper in the oceans destroying phytoplankton
which absorbs a large part of atmospheric carbon dioxide
for the photosynthesis process and this in turn will lead to
global warming and climate change.

The United Nations Framework Convention on Climate Change
(UNFCCC) and its Kyoto Protocol and Paris Agreement are
struggling to fulfil agreed obligations for combatting climate
change. On the other hand, the Montreal Protocol has fulfilled
all its obligations and is considered the most successful
environmental treaty. The Montreal Protocol accepted the
linkage between climate change and ozone layer depletion and
is taking steps to replace HFC which is not an ozone depleting
substance but a powerful greenhouse gas, via the Kigali
amendment to the protocol. Therefore, hopefully, combined
efforts of both UNFCCC and the Montreal Protocol will achieve
targets without further delay and save planet earth for the
survival of future generations.

It will be worthwhile to highlight that the COP 27 and in
future COPs the 2021 Nobel Prize for Physics and the work
carried out on climate change, needs to be supported for
work of this nature. The work of these three scientists on the
understanding of complex physical systems and new methods
for describing climate change and predicting their long-time
behavior can be an example to the global leaders. Leaders need
to understand the complex political and social behavior of the
general public to predict and guide society to an environment
and climate friendly and peaceful world for tomorrow.

Together we create
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Achieving Sri Lanka’s NDCs:

Policy Recommendations for Effective Implementation

Tharuka Dissanaike
Consultant-UNDP
tdissanaike@gmail.com

e Sri Lanka’s Nationally Determined Contributions (NDCs) to the Paris
Agreement are ambitious in scope and timeline.

e A ‘Whole-of- Government Approach” is required to achieve these
targets which support cleaner, resilient development for the middle-
income country while meeting climate change commitments as a
responsible global citizen.

e This article spells out some necessary preconditions and policy
prescriptions to achieve the NDCs.

Keywords:

NATIONALLY DETERMINED
CONTRIBUTIONS,
CLIMATE FINANCE
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Introduction

ri Lanka submitted its updated
S Nationally Determined

Contributions to the Paris
Agreement in 2021. The NDCs provided
a bold platform on which the country
could consolidate its low-emission
development ambitions and showcase its
development trajectory which favoured
relatively cleaner, climate-friendly
development in the past few decades,
relative to regional comparators.

A recent study has upheld Sri Lanka
as a rare example of a country that
managed to progress to upper middle
income with a low carbon footprint,
when many comparable economies’
progress to economic prosperity has
been through an industrialized route
with considerable impact on the
environment and climate. Rooted in
this ‘sustainable’ paradigm, Sri Lanka’s
economy is still low energy intensive, and
its emissions remain under 1 ton CO, per
capita.

However, the country’s development
pathway was heading towards a high
consumption model. The transport
sector especially is high GHG emitting
with many people switching to
private modes of transport (primarily

CLIMATE
| _AGREEMENT

motorcycles, three wheelers and small
cars) to overcome the dearth of quality
and punctual public transportation.
Power generation was increasingly
dependent on fossil fuels including coal
and diesel. The government, in its policy
directives and many public proclamations
(including at the UN Climate Summit)
over the last few years, has reiterated its
commitment to low carbon development
including sustainable transport,
renewable energy, reduced nitrogen
emissions and increased forest cover. The
preamble to the NDCs clearly state the
government’s commitment to achieve
carbon neutrality by 2050 by focusing on
energy, transportation, agriculture and
forestry.

To achieve the NDCs and the stated
targets therein, however, several
preconditions need to be met. These
preconditions, explained below, will lay
the groundwork for effective delivery
of the sectoral implementation plans
which breaks the different NDCs down
to implementable actions with budgets
and targets. These preconditions
include policy coherence, institutional
prioritization, planning frameworks, risk
management and accessing additional
financing for resilience building and
emissions reduction.

NeelaHaritha 2023 | 7



Achieving Sri Lanka’s NDCs: Policy Recommendations for Effective Implementation

NDC Implementation
should have Required
Legal Impetus

Currently, developing and implementing
NDCs are solely reliant on priorities

of sectoral agencies. However, given

the global and national significance

of NDC actions and their urgency, it

is strongly recommended that the
National Environmental Act (revision
on-going) provides the necessary legal
backbone for the implementation and
monitoring of these commitments.
Importantly, the revised National
Environmental Policy (2022) and National
Environmental Action Plan (2022) should
also ensure that the Climate Change
Policy of 2012 (revision ongoing) and
the NDCs are cross referred to in their
strategies.

The idea is not to have a number
of overlapping policy commitments,
but to have a coherent approach
across environmental, sustainable
development and climate change
policies and strategies that supports
and incentivizes NDC implementation.
There may be other legal impediments
to NDC implementation with sectoral
policies and legal Acts focusing on
productivity and efficiencies within
the sector. Climate change should be
mainstreamed in to NDC sectors at policy
and programme level and the Ministry
of Environment should be provided the
necessary legal framework for this effort.

Facilitate Inter-ministerial
Coordination for Effective
Implementation of NDCs

NDC implementation requires strong
coordination and cooperation across
sectors. Even though the NDCs are
presented sector-wise, many of the
actions require close inter-ministerial,
inter-sectoral, vertical (national

to provincial) coherence. Actions
relating to urban development, water
management, vector control and
industrial park management are some
actions that require strong coordinated

effort. A Climate Change Commission
is recommended to ensure the NDCs
are translated into on-the-ground
investments and to monitor the long-
term transformation/adaptation to
climate change.

Institutionalize Climate
Related Capacities in all
Key National Agencies

Climate action needs to be backed with
related institutional and professional
capacities that create enabling
conditions for NDC implementation. This
includes specific technical capacities for
vulnerability/risk assessment, monitoring
and reporting mitigation benefits, data
related to loss and damages, gender and
social inclusion in NDCs and sector-
specific climate modelling or downscaling
of regional climate models.

Capacities related to climate change
awareness,data and risk-incorporated
planning of development initiatives
need to be embedded within the key
ministries and agencies responsible to
deliver on the NDCs. However, beyond
the sector agencies, climate change
related data and planning capacities
should be strengthened for Ministry of
Finance, National Planning Department,
Census and Statistics Department,
Sustainable Development Council etc.
A strong public sector can lead the way
to providing guidance, direction, and
incentives to steer the development
landscape into the low carbon pathway
envisaged by the government.

Situating NDCs within
the National Sustainable
Development Framework

Revisiting the NDCs provided an
opportunity to align the climate

actions with Sri Lanka’s sustainable
development ambitions as well. Sri
Lanka’s updated NDCs strongly resonate
with the national development ambitions
expressed in the government’s vision.
NDC implementation, therefore, need
not compromise or counter-balance

development objectives. For an example,
actions relating to increased penetration
of renewable energy and developing
better disaster early warning systems
are integral to achieving sustainable
development, and will keep the country
on the low-carbon pathway to upper-
middle-income status. Sri Lanka

has signed the global development
agenda and adopted the Sustainable
Development Goals. The draft National
Strategy for Sustainable Development
has prioritized NDC achievement and
related investments. In finalizing and
rolling out this strategic plan, it is
important to ensure that NDC actions
such as green industrial parks, waste-
to-energy, climate smart agriculture,
catchment conservation and green urban
development etc.are given the required
recognition in national, provincial and
local level strategies and actions.

Integrate Climate
Resilience (and where
possible mitigation
options) into Land Use
Planning Processes and
Tools

In 2019, the Government launched a
climate -integrated National Physical Plan
which was developed over three years
and with wide ranging consultations
across sectors. It is important that this
plan is closely followed when developing
and implementing NDC actions.

While the plan is widely accepted by
technocrats and experts, it does not have
the necessary legal muscle or political
backing to ensure its full implementation
enforcement -even in the key sectors
that require spatial planning guidance
such as in forestry, agriculture, water,
industry, coastal and urban development.

The issue of the non-adherence
of development planning to the
government’s own National Physical Plan
emerged in several sectoral consultations
during the development of the NDCs.
Further, the National Land Use Policy
is being revised currently and a set of
guidelines for participatory land use
planning have been devised to inform

8 | NeelaHaritha 2023



Tharuka Dissanaike

local level planners and administrators.
The need to place NDC implementation
in a climate resilient land use framework
is essential in order to ensure that
investments will be protected and pay off
in the long-term.

Comprehensive Risk
Management Framework

A Comprehensive Risk Management
Framework should guide the planning
and implementation of the NDC actions
implemented nationally and locally

by all relevant sectoral agencies. A
Comprehensive Risk Management
Framework, as recommended under the
Loss and Damage sector, provides the
basis to assess, manage and minimize
the losses and damages from the entire
spectrum of climate related extreme
events, slow-onset disasters and natural
processes attributed to climate change
and anticipated future losses and
damages. This will i). ensure that all
NDC investments are risk sensitive and
safeguarded from disaster risk, and ii).
minimize possible L&D from the NDC
actions.

Developing a Comprehensive Risk
Management Framework can be led
by the national planning, climate and
disaster management sector agencies,
to provide an overarching guide for all
development investments, to ensure
they are disaster and climate risk
sensitive.

NDC Implementation
must Consider
Vulnerabilities and be
Gender Responsive

While the country commits to a low
carbon development and to the global
goal of containing warming of the planet,
Sri Lanka’s NDCs predominantly support
resilience buildings- due to the country’s
vulnerability to climate change. With its
low industrialization and a majority of
people dependent on agriculture and
fisheries, Sri Lanka is both geographically
and economically vulnerable to climate

change impacts. The increase of
extreme weather patterns, attributed to
climate change, has placed the country
successively among global hotspots

for risk. There is a clear demographic
and geographic distribution of risk and
vulnerability within the country. This
has been explored in greater detail

in the Third National Communication
to UNFCCC (2022) and other studies
(updated sectoral vulnerability profiles
supported by the Asian Development
Bank, for example).

Gender issues cut across all mitigation
and adaptation NDCs outlined under
the different NDC sectors. NDC
planning and implementation process
is an opportunity to use the maximum
potential of men and women through
climate action, and to benefit from
the knowledge and capabilities of men
and women, to implement mitigation
and adaptation measures. Planning
and implementing the NDC actions in a
gender responsive manner will lead to
achieving the NDC targets and outcomes
more effectively addressing the gender
dimensions of mitigation and adaptation
priorities.

Gender integration will also
contribute to the national policy
commitments on gender equality
and women’s empowerment and
support the recommendation of the
UNFCCC’s Gender Action Plan, by
gender mainstreaming in all climate
change processes. The approach for
gender responsive NDC planning and
implementation is to conduct sector-wise
gender analysis and to plan the NDC
implementation plans informed by this
analysis, so that the overall sector NDC
plans incorporate gender aspects into
NDC implementation plan of each sector.

Develop a Finance
Roadmap and Activate
a National Financing
Framework for NDC
Implementation

Sri Lanka’s NDC’s require substantial
external financial assistance to support
implementation. The high level

costing exercise conducted for the
NDCs demonstrated that around 80%
of the mitigation actions and almost
95% of adaptation actions require
external financing. The NDC financing
requirements must be fully integrated to
the country’s development finance and
external resources framework. Financing
the NDC must be an integral part of
the country’s green and sustainable
financing strategies such as the Central
Bank’s Sustainable Finance Roadmap.
To support this effort, NDC sectors and
related government agencies should
introduce a regular budget line to track
climate change expenditures against
the 10-year NDC implementation and
monitoring plans. Regular donor round
tables should be conducted to present
this framework, identify emerging
financing needs and access new and
innovative funding sources.

Develop Capacities to
Engage and Negotiate
Support through Formal
UNFCCC Processes

Sri Lanka needs to develop the capacity
to engage more proactively with the
international conventions and convention
mechanisms that deliver country support
for implementation. This includes the
ability to negotiate financing, technology
transfer and capacity building support
for loss and damage monitoring,
downscaling global models and forecasts
at sub-national level, MRV related tools
and programmes.

The Paris Agreement facilitates
technology transfer between developed
and developing countries and puts
onus on developed countries to share
low carbon, climate smart solutions
with countries such as Sri Lanka, which
are still on an upward trajectory. Sri
Lanka produced a Technology Needs
Assessment for both mitigation
and adaptation in 2014. However,
updated and more specific technology
needs should accompany the NDC
implementation plans, paving the way
for more effective support to realise the
ambitious NDCs set forth in 2021.

NeelaHaritha 2023 | 9
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@ To achieve the carbon neutral
status by 2050 it is required

to reduce the emissions from

other sectors (energy industry,
transport, industry, household and
commercial, waste, agriculture) and
enhance the carbon sequestration
capacity of the forests/trees.

@ Forests significantly contribute
towards achieving the target of
reducing 14.5% of the GHG's by
2030. By increasing forests/ tree
cover, achieving net zero status by
2050 is a possibility.

hemanthi.ranasinghe@gmail.com

l////
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@ It is a must to adhere to the
targets of already prepared plans,
programs and commitments such
as Sri Lanka Sustainable Vision

for 2030, Vistas for Prosperity

and Splendor, Updated NDCs,
Sustainable Agenda 2030, Forestry
Master Plan (2021-2030) to achieve
this task.

@ According to the Updated NDCs
for 2021-2030 of the forestry sector,
Sri Lanka is to increase its forest
cover up to 32% by 2030. This target
is to be achieved by increasing

co2
Net-Zero

Emissions

Keywords:

NDC, FORESTRY,
CARBON SEQUESTRATION,
CARBON STORAGE,
CARBON NEUTRAL

the forest cover of natural forests,
mangroves, plantation forests,
rubber plantations and augmented
by the Tress Outside Forests (TROFs).

® The carbon stocks lodged in
Trees Outside Forests play an
important role; home gardens,
coconut and rubber plantations,
shade trees in tea estates, urban
forests and avenue trees provide
a very important contribution.
By encouraging planting of trees
outside forests, the target of 32%
of the country’s land area under
forests can be achieved.
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Hemanthi Ranasinghe

Introduction

limate change due to global
Cwarming has been identified

as one of the major threats to
life on planet Earth. The emission of
greenhouse gases (GHG) is the leading
cause of global warming which severely
impacts humans and all other life forms,
as well as the environment and economy
of a country. GHG emissions affect the
whole world regardless of the country
or the community which is responsible
for emissions. A substantial reduction of
GHG emissions - largely anthropogenic or
man-made, is therefore critical to keep
global warming at a manageable limit.

Thus, in accordance with the Paris
Agreement, to which Sri Lanka is a Party
to, global temperature rise must be
kept well below 2°C relative to pre-
industrial levels and efforts to limit the
temperature increase to 1.5°C above
pre-industrial level must be pursued.
Through the Paris Agreement, Parties
also agreed to a long-term goal for
adaptation, to increase the ability to
adapt to the adverse impacts of climate
change and foster climate resilience
and low greenhouse gas emissions
development, in a manner that does not
threaten food production. Additionally,
they agreed to work towards making
finance flows consistent with a pathway
towards low greenhouse gas emissions
and climate-resilient development.
Based on the Paris Agreement,
countries who signed the UNFCCC,
including Sri Lanka, submitted their first
Nationally Determined Contributions
(NDCs) in 2016 (MMD&E, 2016) and
Sri Lanka submitted its Updated NDCs
in 2021(MOE, 2021) which will be
implemented during 2021-2030.

However, according to Emissions
Gap Report 2021 (UNEP, 2021),
climate pledges combined with other
mitigation measures put the world on
track for a global temperature rise of
2.7°C by the end of the century which
is above the goals of the Paris climate
agreement which intended to keep the
global temperature rise well below2°C.
Therefore,in order to address this
alarming situation, many countries

including Sri Lanka have taken steps

to move forward to low carbon and
sustainable development pathways. The
term ‘Low-carbon’ does not necessarily
imply that overall emissions in a country
will decrease but implies that emissions
will be kept below the business-as-usual
scenario (BAU), to promote economic
growth and sustainable development.

The Role of Forests
in Climate Change
Adaptation and Mitigation

Forests are a stabilizing force for the
climate. They regulate ecosystems,
protect biodiversity, play an integral part
in the carbon cycle, support livelihoods
and supply goods and services that

can drive sustainable growth. Forests’
role in climate change is two-fold. They
act as both a cause and a solution for
greenhouse gas emissions. Around
25% of global emissions come from the
land sector, the second largest source
of greenhouse gas emissions after the
energy sector. About a half of these
(5-10 GtCO,, annually) comes from
deforestation and forest degradation
(IUCN, 2021).

Forests are also one of the most
important solutions to addressing the
effects of climate change. Approximately,
2.6 billion tonnes of carbon dioxide,
one-third of the CO, released from
burning fossil fuels, is absorbed by

i

| ‘Lowlandtropical and sub-montane forests
\ © Magical Isle Holidays (Pvt) Ltd

forests every year. Estimates show that
nearly two billion hectares of degraded
land across the world -an area the size of
South America - offer opportunities for
restoration (IUCN, 2021).

Increasing and maintaining forests is
therefore an essential solution to climate
change. Halting the loss and degradation
of forest ecosystems and promoting
their restoration have the potential to
contribute over one-third of the total
climate change mitigation that scientists
say is required by 2030 to meet the
objectives of the Paris Agreement.
Globally, 1.6 billion people (nearly 25%
of the world’s population) rely on forests
for their livelihoods, many of whom are
the world’s poorest. Forests provide
USS 75-100 billion per year in goods and
services such as clean water and healthy
soils. Forests contain 80% of the world’s
terrestrial biodiversity (IUCN, 2021).

With regard to enhancing the
climate risk management by forests, it
is imperative to resort to combatting
deforestation and forest degradation in
areas of high biodiversity and cultural
significance, such as primary forests and
World Heritage sites. This helps conserve
the benefits that people and societies
obtain from forests, including forest
carbon stocks and livelihoods.

Restoring forest landscapes helps
enhance climate change mitigation and
adaptation. There is a global effort to
bring 350 million hectares of deforested
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and degraded land under restoration

by 2030. This could sequester up to 1.7
gigatonnes of carbon dioxide equivalent
annually (Dhyani, S. et al., 2020).
Enabling rights-based land use ensures
community involvement in land-use
outcomes. It is necessary to strengthen
community control over forests, alleviate
poverty, empower women and men,
enhance biodiversity and sustainably
manage forests.

Unlocking forest benefits is critical to
a sustainable and equitable supply of
forest goods and services. It is required
to build capacity for implementing
restoration, engaging the private sector
and striving to make sure benefits, such
as those from Reducing Emissions from
Deforestation and Forest Degradation
(REDD+), are equitably shared with local
landowners and forest communities
(GEF, 2021).

Status of Sri Lanka’s
Forest Cover

Despite Sri Lanka’s relatively small

land area, its high variations in rainfall,
altitude, and soil characteristics create
forests of high diversity, ranging from
wet evergreen to montane forests and
vast areas of dry monsoon forests with
high species diversity and endemicity.
85% of the natural forest cover consist
of dry-zone forests. Lowland rainforests
and montane forests with higher
biological diversity and higher levels of
endemism are confined to small patches
(Gunatilleke and Gunatilleke, 2005).

The total land areas of the country
including internal water bodies amounts
to 65,610km? and the latest forest
cover estimates done in 2015 depict
dense natural forest cover as 29.7%
or 1.9 million ha (Forest Department,
2017) which includes forests, wildlife
reserves and catchments. Forests play an
important role in climate risk reduction
including water regulation, land
stabilization, reduction of heat, ensuring
biodiversity and provision of habitats for
fauna among many other benefits.

Natural forests in the country are
not harvested for timber. The timber is

Table 1: Shows the forest cover by type.

Source: Forest Department (2015)

Forest Types
Lowland Rain Forest
Dry Monsoon Forest
Moist Monsoon Forest
Sub Montane Forest
Montane Forest
Open Forest

Mangrove

Savannah

Total

supplied from forest plantations, home
gardens and other non-forest tree
resources. Forest plantations occupy
99,773 ha (1.52% of the land area of

the country). Home gardens amounts

to about 1,180,980 ha which is about
18% of the land area of the country as of
2020 (Ministry of Environment, 2021).

Based on a global yardstick of
concentrations of exceptional terrestrial
biodiversity under threat, Sri Lanka and
Western Ghats of south-western India
have been grouped together as one of
the 36 ‘Global Hotspots of Biodiversity’,
implying that biologically they are
among the richest and at the same time
the most endangered biogeographic
regions on earth (Myers et al., 2000).
Another indicator of threatened global
biodiversity is the ‘Global Ecoregion
System’ of the Worldwide Fund for
Nature (WWF), in which 238 ‘Global
200’regions are considered biologically
outstanding and prioritized for
conservation action. Sri Lanka’s lowland
rain forests and montane rain forests

have been recognized as one of their 142

priority terrestrial ecoregions, harboring
exceptional levels of biodiversity, such
as high species richness or endemism,
or those with unusual ecological

or evolutionary phenomena but at

the same time having endangered
conservation status.

The forest cover had shown a
drastic decline from 1880s up to 1985
amounting to about 50,000 ha per year
but since then the decline had been

Extent_(ha) %
108,402.35 1.65

1,117,704.57 17.04
132,349.48 2.02
35,864.47 0.55
40,475.50 0.62
394,110.68 6.01
19,756.79 0.30
68,065.31 1.04

1,917,171.35 29.22

much reduced to about 7000 ha per
year (Mattsson et al., 2012). However,
due to both natural and anthropogenic
pressure forests are still facing a decline.
Main four reasons for deforestation

in Sri Lanka are encroachments due

to agriculture, gem mining, human
settlements, infrastructure development
projects, commercial agriculture
ventures and several localized drivers like
cattle grazing, cardamom cultivation and
forest fires. With the onset of the COVID
19 and the drastic decline of socio-
economic status of the people, more
emphasis had been placed on agriculture
and thus the change of forest land use to
non-forestry purposes has accelerated.
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GHG Emissions and
Sequestration by Forests

According to the UNREDD+ the emissions
from the deforestation of 1 ha of forests
per year is 150 tons (FAO, UNDP and
UNEP, 2017). Accordingly, at the rate of
deforestation of 7000 ha per year it is

capacity of the forests is phenomenal,
and they are a unique ecosystem having
the ability to capture the atmospheric
carbon dioxide in their life activity of
making their food (photosynthesis). The
carbon sequestration/storage capacities
of forests differ based on the type as
shown below in Table 2.

envisaged that 1,050,000 tons of CO, will
be emitted to the atmosphere annually.
However, the carbon sequestration

Forest Type
Natural forests in the Knuckles Region

Pine Plantations in the Knuckles Region

Sinharaja Forest

Lowland rainforests (Sinharaja and Kanneliya)

Montane forests i.e.Horton Plains, Peak
Wilderness

Soils in the Yagirala and Horton Plains Natural
Forests

Home gardens in the Dry Zone (Moneragala)

Forest in Yagirala Forest Reserve — Wet Zone

Teak (50 years rotation)
Eucalyptus robusta and E. grandis
Mahogany (12 yrs)

Monoculture comprising of Pinus caribaea
(44%), Tectona grandis (21%), Eucalyptus
grandis (11%), Eucalyptus camaldulensis
(7%) and Swietenia macrophylla (6%) in an
area of 57618.8 ha in Sri Lanka

Mangroves
Mangroves

Kandyan Homegardens

Homegardens in Low Country Wet zone
Homegardens in Mid Country Wet Zone
Homegardens in the Up Country Wet zone

Homegardens in Nuwara Eliya District

Intermediate and low country home gardens

Below

Table 2: Carbon sequestration /storage ; =
capacities of forests based on type > <

Carbon sequestration/storage
3.8Tg
0.6Tg
1.624 Tg/146.4 mt/ha

8.6 tons/ha/yr

1.535 tons/ha/yr

2.87 t C/ha/yr (Yagirala)
0.57 t C/ha/yr (Horton Plains)

56C/ha

51.3tC/ha

133.66t C/ha
3.18 —3.28 tC/ha/yr
187.89t C/ha

4.23 metric tons of C

323.57-589.2 t C/ha

387 tC/ha

103.9-381.2t C/ha

74.82t C/ha
91.79t C/ha
24.68t C/ha

711 million kg

191.3-345.9t C/ha

N

Source

Pathinayake et al (2012)
Pathinayake et al (2012)
Pathinayake et al (2012)

Wahala, W.M.P.S.B., Ranasinghe, D.M.S.H.K. and
Costa, J. (2013); Wahala, W.M.P.S.B. , PhD Thesis
(2013)

Wahala, W.M.P.S.B., Ranasinghe, H and Cos-
ta, J (2013); Wahala, W.M.P.S.B., Ranasinghe,
D.M.S.H.K. and Amaraskera, H.S. (2013)

Amarasekera L.A.M.C. and Ranasinghe
D.M.S.H.K. (2006)

Mattsson, E. Ostwala, M, Nissanka, S.P. and
Pushpakumara, D.K.N.G. (2015)

Wahala, W.M.P.S.B., Ratnayake, R.M.D.D. and
Ranasinghe, D.M.S.H.K. (2006)

Abayasiri S. and Ranasinghe, D.M.S.H.K. (2000)
Jayasinghe, G. & Ranasinghe, D.M.S.H.K. (2008)
Perera, S. and Ranasinghe, D.M.S.H.K. (2013.)

de Costa, W.A.J.M. and Suranga, H.R. (2012)

Gobishankar, S. and Ranasinghe, D.M.S.H.K.
(2021)

Perera, K.A.R.S., de Silva, K.H.W.I. and Amaras-
inghe, M.D. 2017)

Dissanayake, A., Ranasinghe, D.M.S.H.K. and
Wabhala, S. (2009)

Marambe, Y.H.B., Ranasinghe, D.M.S.H.K. and
Wahala, W.M.P.S.B. (2019)

Premakantha et al., (2009)

Seneviratne, N.A.U.S., Ranasinghe, D.M.S.H.K.
and Wahala, S. (2013)

Note: 1 Tg = 1,000,000 Mt;
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However, despite all these pressures,
as a signatory to the UNFCCC and
Paris Agreement, the Government has
expressed commitment to increase the
forest cover up to 32% by 2030, although
it is a herculean task. The Government
has prepared its vision to adopt SDGs
of the UN in its Vision document
‘Sri Lanka’s Sustainable Vision 2030,
and also the manifesto of the former
government, ‘Vistas for Prosperity and
Splendor’, in which an entire chapter
had been dedicated to sustainable
development,where forest resources
development is integrated. In this
context the following activities had been
emphasized in the policy document:
identification and reforestation of
suitable lands, establishment of
parks in urban and semi-urban areas,
development of urban vegetation by
establishing tree lines along express
ways, implementation of tree planting
programmes in industrial premises
and restoration and rehabilitation of
degraded ecosystems. The Nationally
Determined Contributions (NDCs)
submitted to the UNFCCC as a result
of the Paris Agreement was revised to
focus more on clarity of the combined
contributions of individual mitigation
targets. The period of implementation
is 2021 to 2030 and a clear and concise
implementation plan was prepared for
each NDC.

It is expected that the implementation
of updated NDCs of the forestry sector
will result in the increase of carbon

Pl Lo iast o AN

r

,ffs:.ﬁuated in Moratuwa, a dqtlipg; v
#%1 Sri Lanka; the GH!TgﬁfﬁrUrth

Arhoretumi© Dilmah Conservation

Table 3: Forestry sector NDCs.
Source: Ministry of Environment, 2021

NDC# NDC and Action Timeline
Increase forest cover’ of Sri Lanka up to 32%"" by 2030 2021-2030
1.1 Identify land for reforestation/forestation 2021-2022
NDC1 | 1.2 Develop forest management plans for natural forests to ensure sustainable management 2021-2025
1.3 Implement forest restoration programme (18,000+ ha of non-forest lands will be
reforested/afforested including mangroves) CIPERE
Improve the quality of growing stock of natural forests and plantations 2021-2030
NDC 2 2.1 Improve the quality of growing stock of degraded forests (200,000 ha) 2021-2030
2.2 Improve the quality of forest plantations of 78,000 ha in state-owned lands 2021-2030
2.3 Improve the quality of forest lands of “Regional Plantation Companies” 2021-2030
Strengthen catchment protection of major rivers and cascade systems 2021-2030
3.1 Identify and prioritize multi-hazards of catchment/river basins 2021-2022
3.2 Strengthen lower catchment protection of 10 major rivers through tree planting 2021-2030
NDC 3 33 Strengther} upper catchment protection of water streams running through plantations through 2021-2030
tree planting
3.4 Strengthen catchment protection of cascade systems & isolated tanks through tree planting 2021-2030
3.5 Continue the “Climate Resilience Multi-Phase Programmatic Approach” project in lower
kelani river basin CIpER
Improve and increase of Trees Outside Forests (TROF) 2021-2030
4.1 Adopt policy instruments and regulations supporting TROF (urban forestry, tree planting along
roadside, religious premises, schools and other Government lands, home gardens) APHAED
NS 4.2 Establish an institutional setup and a mechanism to implement such programmes 2021-2024
4.3 Conduct carbon stock evaluation for TROF 2021-2025
4.4 Implement TROF programmes 2021-2030
Generic bling activities 2021-2025
s 5.1 Develop and implement a MRV system for forestry NDCs 2021-2025

“The forest cover was taken as the dense forest, open forest, mangroves and forest plantations and
rubber plantations (as per the FAO definition of ‘forests).

'30.8% to be achieved through forest plantations and natural forest and the rest to be achieved

through TROF (Trees Outside Forests)

sequestration capacity by 7% against
the BAU scenario (2% unconditionally
and 5% conditionally) for the period
2021-2030 (Table 3). This is equivalent
to an estimated additional sequestration
of 705,000 MT unconditionally and
1,652,000 MT conditionally (total

of 2,357,000 MT) of carbon dioxide
equivalent during that period (2021-
2030).

According to the Third National
Communication to the UNFCCC
(MOE,2022), the GHG emissions from the
significant sectors i.e., energy (electricity,
transport, household, commercial and
manufacturing industries), Industrial
Processes and Product Use, Waste,
Agriculture in the business-as-usual
scenario will be 47,674 Gg CO,eq in 2030,
while forestry will reduce this amount
to 44, 167 Gg CO, eq. In the mitigation
scenario, including implementation of
the NDCs, the total GHG emissions will
be 33,780 Gg CO, eq and the forestry
will reduce this to 29,907 Gg CO,eq. The
total reduction of the GHG emissions
due to mitigations proposed in all the
aforesaid sectors will be 30% while the
contribution of the forestry sector to this
will be 10%.

Forestry Master Plan which was
in vogue from 1995 to 2020 is being
replaced by a new plan which will
be valid from 2021 to 2030. This is
in the stage of preparation and will
address issues such as climate change,
sustainable forest management,
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restoration of forest landscapes,
community forest management,
valuation of ecosystem services,
biodiversity enhancement,
ecotourism and pandemic recovery
among many other sectors which
were already in the previous plan.

Links to the
Sustainable
Development Goals

The relevant SDG Goal for forestry
sector is Goal 15 which is protect,
restore and promote sustainable
use of terrestrial ecosystems,
sustainably manage forests, combat
desertification, halt and reverse land
degradation and halt biodiversity
loss.

Conclusion

After the review of the facts laid

out in the preceding section, it is
very clear that if the country needs
to reach the goal of becoming a
carbon neutral economy by 2050, it
is vital to accrue the benefits from
the wide range of forest ecosystems
which are capable of providing

a host of ecosystem services,
including carbon sequestration/
absorption, thus reducing the GHG
in the atmosphere and lowering

the adverse impacts of climate
change. Despite the temptation of
succumbing to the short-term socio-
economic upliftment, perhaps at the
expense of finite forest cover, this
can be overcome by planning the
development carefully in considering
the Sustainable Development Goals.
The already prepared plans in this
context, including implementation
of the NDCs, Forestry Master

Plan (being prepared for 2021-
2030), Directions of the Vistas

for Prosperity and Splendor and

Sri Lanka Sustainable Vision 2030
need to be implemented with
determination to reach our goals of
being a carbon neutral country

by 2050.
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e Sri Lanka, as a non-Annex 1
country, has prepared three national
greenhouse gas inventories so far in

line with the national greenhouse
gas inventory submission
requirements under the United
Nations Framework Convention on
Climate Change

* The composition of the inventory
has improved from the first national
communication to the third national

communication, especially with
the shift from 1996 IPCC revised
guidelines to 2006 guidelines/
methodology

e So far, the most significant
constraint leading to uncertainty
in the emission estimates is the
data gaps (i.e. unavailability,
inconsistency in data from multiple
sources, lack of consistent reporting
even within a single source, etc.) in
certain sectors and subsectors

¢ Enhancing the utilization of
country-specific emission factors and
further research targeting those are
required for better accuracy in the
emission estimates of
future inventories

Erandathie Lokupitiya
Faculty of Science, University of Colombo.
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Introduction

nder the United Nations
U Framework Convention on Climate

Change (UNFCCC) of 1992, one
of the key reports to be submitted by
its member countries is the National
Communication (NC), including a national
greenhouse gas (GHG) inventory, which
was started in 1994 for the developed
(i.e. Annex 1) countries and in 1997 for
the developing (non-Annex I) Parties (Dal
Maso and Canu, 2019). In addition to
the GHG inventory, an NC also includes
measures for mitigating emissions and
facilitating adaptation to climate change,
and any other relevant information
relevant to the achievement of the
objective of the Convention. NCs are
submitted every four years.

The national GHG inventory of a
national communication provides a
comprehensive report on sector (and
subsector) wise GHG emissions within
a country; a national GHG inventory
report is a national inventory of
anthropogenic emissions by sources
and removals by sinks of all greenhouse
gases not controlled by the Montreal
Protocol, developed using comparable
methodologies agreed upon by the
Conference of the Parties (UNFCCC;
2021; https://unfccc.int/national-reports-
from-non-annex-i-parties.) National GHG
inventories help countries in making

UNFCCC

policy decisions on potential mitigation
action and setting targets for emission
reductions.

Action to mitigate the increasing
GHG emissions through international
cooperation have accelerated since
the beginning of the 1990s, with the
adoption of the UNFCCC in 1992, Kyoto
Protocol in 1997, and Paris Agreement
in 2015. The UNFCCC entered into force
in 1994 and so far over 190 countries
have ratified it. The objective of the
UNFCCC is to stabilize atmospheric
GHG emissions at a level that would
not further damage the climate system
from human interference. Under the
UNFCCC, member countries are expected
to submit national GHG inventories in
accordance with the adoption of Kyoto
Protocol and the Paris Agreement. The
ability to quantify emissions at national
level is important. Parties to the
UNFCCC are required to submit national
GHG inventories, together with details
on methods used in estimating their
emissions.
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Developed countries, which are listed
in the Annex 1 of the UNFCCC (and
referred to as 'Annex 1 countries') are
expected to submit an annual National
Inventory Report (NIR) containing
detailed and complete information on
their emissions for all years from a base
year (which is 1990 for the majority
of the countries) to the current year
for the annual inventory submission
(United Nations Framework Convention
on Climate Change, 1999). Annex 1
countries have submitted national GHG
inventories since 1994, and since 1996
they have made annual submissions.

The developing countries or non-
Annex | parties to the UNFCCC (154
countries altogether; UNFCCC, 2022),
do not have the same reporting
requirements for an annual submission
as Annex | parties do, but they also have
submitted national GHG inventories as
part of their national communications.
Although nearly 100 non-Annex | parties
have submitted two or more national
GHG inventories along with their national
communications to date, there has not
been a definite time period in between
their submissions. However, non-Annex |
countries are required to submit national
communications every four years and
national GHG inventories every two
years, starting from 2014 (UNFCCC,
2022).

Sri Lanka’s National Greenhouse Gas Inventory Progress and Comparison of Methodological Approaches

Methodology
Requirements

For transparency and comparability, the
member countries of the UNFCCC are
required to estimate the emissions under
pre-defined sectors and sub sectors,
following a common methodology

(i.e. guidelines) developed by the
Intergovernmental Panel on Climate
Change (IPCC). The IPCC original
guidelines (IPCC-GL) were revised in
1996 (IPCC 19973, 1997b, 1997c) and
2006 (IPCC, 2006). In between the above
revised guidelines, IPCC good practice
guidance (GPG; IPCC, 2000; 2003) was
developed with further guidance on
default- and country specific methods
and data (Lokupitiya and Paustian, 2006).

Currently, the Annex 1 countries
are mostly using the 2006 IPCC-GL, in
preparation of their GHG inventories.
According to a decision taken at the 8"
Conference of Parties of the UNFCCC (i.e.
Decision 17/CP 8), non-Annex 1 countries
are required to use Revised 1996 IPCC-
GL. However, even certain non-Annex 1
countries have been using the improved
methodology and emission factors (EFs)
under the 2006 IPCC-GL. For Quality
Assurance/Quality Control (QA/QC) of
the GHG inventories such measures and
Uncertainty related information have

also been reported by the countries, for
each inventory sector. Recalculations
from the current inventory year
backwards to cover the previous
inventory year, using the methodological
improvements in the latest inventory
year have also been conducted.

Sector wise GHG
Emissions to be Reported
in the GHG Inventory

The main GHG emitted due to
anthropogenic activities is carbon
dioxide. In addition to that, several types
of greenhouse gases are required to be
estimated at national level, covering
several key socioeconomic sectors and
subsectors. According to Decision 17/
CP8 (FCCC/CP/2002/7/Add.2), non-Annex
1 countries shall provide the estimates
of anthropogenic emissions by sources
and removals by sinks of carbon dioxide
(CO,), methane (CH,) and nitrous oxide
(N,0), in their national inventories; they
are encouraged to provide information
on the other less prevalent GHGs,

which include hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SF6). In addition, they are
encouraged to report carbon monoxide
(CO), nitrogen oxides (NOx) and non-
methane volatile organic compounds
(NMVOCs), all of which are precursors of
ozone, and sulphur oxides (SOx) as well.

Sri Lanka’s Journey

from the GHG Inventory
in Initial National
Communication to Third
National Communication

Sri Lanka followed the Revised 1996
IPCC-GL as the basic methodology in
the previous GHG inventories submitted
by the country (i.e. Initial National
Communication, (INC) Ministry of
Forestry and Environment, 2000) and
Second National Communication (SNC);
Ministry of Environment, 2011), and
2006 IPCC-GL as the predominant
methodology in its GHG inventory
submitted with the Third National
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(*- not estimated, due to certain high uncertainties observed)

Communication (TNC; Ministry of
Environment, 2022). In moving from
INC to TNC, the country has shown
remarkable improvement in the
inventory methodology used, utilization
of the available country-specific data,
and institutional framework.

Given the high uncertainty associated
with the sector wise methodological
changes from INC to TNC, only the
energy sector emissions were compared,
and there was a consistent increase in
the overall energy-related emissions
from 1994 (INC) to 2010 (TNC; Figure
1). The per capita emission of 1.0003
tonnes CO,-eq (i.e. CO,-equivalent units)
for the year 2000 (SNC) and 1.09 tonnes
CO,-eq for the year 2010 (Table 1),
indicating that Sri Lanka still has quite
low per capita emissions, showing only a
marginal increase during the decade of
2000 to 2010, as a non-Annex 1 country.

INC
Base year 1994
Methodology 1996 IPCC-GL
Global Warming None

Potential (GWP)

Units

Gg (of individual gases); no
CO, equivalent values given

16000
=5 14000
= 12000
10000
8000
6000
4000

] .

2000
1584 {INC)

G

CO; Emissions

Energy sector CO, emissions

Inventory year

000 (SMC) 2010 [TMC)

Figure 1: CO, Emissions from the Energy sector reported in the GHG inventories so far

Table 1: Comparison of the GHG inventories included in INC, SNC, and TNC

SNC
2000

1996 IPCC-GL and GPG (IPCC, 2000;
2003) with improved EFs from 2006

IPCC-GL

GWPs based on IPCC Second

Assessment Report (SAR; IPCC, 1996)

in Gg CO,- equivalent

5 (for both estimation and
reporting- Energy, Industrial

Processes, Agriculture, Land
Use Change and Forestry
(LUCF), Other Sources

Key sectors

Waste

(Domestic and Industrial
wastewater management))

Per capita emission
excluding LULUCF
emissons

NE*

1.0003 tonnes CO,-eq

Gg (individual gases) and final estimate

5 (for both estimation and reporting-
Energy, Industrial Processes, LUCF,

TNC
2010

2006 IPCC-GL, GPG (IPCC, 2003 for
certain EFs), and 1996 IPCC-GL (for
HFC and precursor emissions)

GWPs based on IPCC Second
Assessment Report (SAR; IPCC,
1996)

Gg (individual gases) and final
estimate in Gg CO,- equivalent

4 for estimation Energy, Industrial
Processes and Product use (IPPU),
Agriculture, Forestry and Other
Land Use (AFOLU), and Waste
and 5 for reporting (Energy, IPPU,
Agriculture, Land Use, Land Use
Change, and Forestry (LULUCF),
Waste)

1.09 tonnes CO,-eq

.

e

In the TNC, the time series calculations
were carried out for the period 2000-
2010, using consistent data sources and
methodology described above. The
recalculated estimates in the TNC for
the total emissions excluding LULUCF
sector for the year 2000 were only 05
percent lower in the TNC compared to

the SNC (Figure 2); the largest variation
was seen in the waste sector, which has
been one of the sectors with the largest
uncertainties due to data gaps. The
recalculated emissions for the energy
sector and its subsectors are shown in
(Figure 3).
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Gaps and Improvements
in the Inventory
Preparation Process

There has been a significant change

in the institutional arrangements

from INC to TNC, in preparation of the
national GHG inventory. The Ministry

of Environment has consistently served
as the National Focal Point, and a team
of inventory specialists were involved

in the preparation of each inventory.
National communications are supported
by Global Environmental Facility (GEF)

funding. The INC was coordinated
through a GEF-funded enabling activity
project , while the SNC and TNC
submissions were coordinated by the
Climate Change Secretariat. From INC

to TNC the number of experts involved

in preparation of the GHG inventory

was increased and the numbers of
capacity building workshops, stakeholder
consultations and meetings with external
reviewers in the preparation of the
inventory, were also increased. This
enabled the consistent update of the
inventory, especially the TNC, during its

preparatory phase.

Overall, the methodological
improvement by gradual transition
from 1996 IPCC-GL to 2006 IPCC-GL
and comprehensive and continuous
consultative process, have led to
a significant improvement and
achievements in the overall inventory
preparation process of Sri Lanka.
So far, the most significant constraint
leading to uncertainty in the emission
estimates is the data gaps (i.e.
unavailability, inconsistency in data
from multiple sources, lack of consistent
reporting even within a single source,
etc.) in certain sectors and subsectors. A
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proper mechanism of coordination and
recording all the data by the respective
stakeholders that warrants the Ministry
of Environment to receive the required
data in time, is essential for better
quality and timely delivery of the future
inventories. The stakeholders need to
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Keywords:
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DATA SHARING NETWORK, he United Nations Framework
MITIGATION Convention on Climate Change
(hereinafter referred to as the
. . Convention) provides the foundation
* MRV is a process/concept that p9tenha|ly for the intergovernmental response
supports greater transparency in the to climate change and its impacts on
climate change regime. ‘ humanity and ecosystems. In order
o Key elements of MRV include international, : to collectively address climate change
domestic MRVs and MRV of REDD+. and achieve the objective of the

Convention and the purpose and goals
of the Paris Agreement, countries need
to mobilize actions. Further, all the
parties are obliged to communicate to
the Conference of the Parties (COP)
information on the actions they have
taken or envisage they will take to
implement the Convention. This is seen
as a key implementation aspect of the

e National Communication, Biennial Update Report
including the International Consultation and
Analysis are key components of international MRVs
while MRV of emissions, NAMA/mitigation action
and support are included in domestic MRVs.

* MRV for REDD+ applies to parties seeking to
obtain and receive payments for
results-based actions

¢ National Climate Change Data Sharing |
Network (NCC DSN), which is a national level
online platform, will support to gather data for
international MRV covering all sectors in Sri Lanka

one another of their national-level

to assess the implementation of the

Convention by Parties.

* The systematic institutional arrangement is a key
to the sustainability of the MRV system.

and support to reduce GHG emissions

and increase resilience, and data on

GHG emission trends, both historical

e Ministry of Environment is the focal point to the
UNFCCC from Sri Lanka. Thus far, the country has
submitted three national communications.

Digdster Services NS projected, is essential for evidence-

Convention, as it allows Parties to inform

actions and serves as a basis for the COP

The regular collection, analysis and use
of reliable information on climate action
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based decision-making and information-
sharing. This type of system creates
reliability and builds trust and which in
turn promotes stakeholder engagement.
This data collection and reporting activity
form a critical component of what is
commonly known as ‘"MRV’ under the
Convention and has recently been
encapsulated by the term "transparency’
under the Paris Agreement (UNFCCC,
2020). This article describes the

existing MRV arrangements under the
Convention.

The arrangements for national
reporting have evolved throughout the
history of the Convention and its Kyoto
Protocol into a more comprehensive
measurement, reporting and verification
framework. Figure 1 illustrates the
evolution of MRV arrangement for
developing country parties.

Measurement, Reporting
and Verification

Several elements were introduced

to the MRV framework through a set

of decisions taken by COP over the
years. Some of these elements are
implemented at the international level
and others at the national level. Figure 2
illustrates the key elements of the MRV
framework.

International MRV

Measurement

Measurement for non-Annex | Parties
applies both to efforts to address
climate change and to the impacts of
these efforts, including the level of GHG
emissions by sources and removals by
sinks, emission reductions and other
co-benefits.

Reporting

Reporting for non-Annex | Parties is
implemented through the National
Communications (NCs) and Biennial
Update Reports (BURs). Parties are
required to report on their actions

to address climate change in their
national communications, which include
information on the Greenhouse gas

’ o =

UNFCC adopted Adopted First batch of
& entered into guidelines for the INC submitted
force (initial preparation of Jordan, Argentina,

communication NCs (Decision Uruguay, Senegal,

within three years) 10/CP.2) Micronesia, Mexico
2009 2010 2011
The CGE NC submitted Adopted guidelines

recontinued for
2010-2012

every 4years BURs
ICA Domestic MRV
(Decision 1/CP.16)

for BURs Adopted
guidelines &
modalities for ICA

1999 2002 2007

Established the
Consultative
Group of Experts
for the first time

CGE Continued for
2003-2007
Adopted revised
guidelines for NC
(decision 17/CP.8)

BAP-introduced MRV
concept for

the first time
(decision 1/CP.13)

2012 2013

The CGE extended
for 2013

The CGE continued for 2014-2018
Adopted composition modalities &
procedures for ICA/TTE Adopted general
guidelines for domestic MRV Adopted
REDD related MRV

Figure 1: Evolution of MRV arrangement for developing country parties
Source: UNFCCC 2014, Handbook on Measurement, Reporting and Verification for

developing country parties

MRV = of GHG emissions and
sinks (GHG inventory)
- Step to implement convention

Determine arrangements for domestic

plus (voluntary)

National Communication BURs

- GHG inventory report

- Measurement of mitigation actions
and their effects

- Reporting on domestic MRV system

- Needs and support received

—> Report on Domestic MRV in the BUR

Domestic MRV MRV of Domestically supported
NAMAs (Voluntary)
MRV for REDD - Report REDD-plus results in a technical annex to the BUR

- Applies to Parties seeking to obtain and receive payments for results-based actions

ICA
—— - Technical analysis of the BUR
- Facilitative sharing of view

GHG- Greenhouse gas
BUR- Biennial Update Report

ICA - International Consultation
and Analysis

NAMA -Nationally Appropriate
Mitigation Actions

REDD+ - reduce emissions
from deforestation and forest
degradation

Figure 2: Key elements of MRV framework
Source: UNFCCC 2014, Handbook on Measurement, Reporting and Verification for

developing country parties

(GHG) inventories, adaptation, mitigation
actions and their effects, constraints and
gaps, support needed and received, and
other information considered relevant to
the achievement of the objective of the
Convention. National Communications
(NCs) are to be submitted every four
years and prepared following the
guidance contained in the revised
guidelines for the preparation of NCs
from non-Annex | Parties contained in
the annexure to the decision. BURs are to
be submitted every two years, providing
an update of the information presented
in national communications, in particular
on national GHG inventories, mitigation
actions, constraints and gaps, including
support needed and received.

Verification

Verification is addressed at the
international level through International
Consultation and Analysis (ICA) of
BURs, which is a process to increase the
transparency of mitigation actions and
their effects, and support needed and
received.

National
Communication (NC)

Each Party to the Convention prepares
NC periodically, following the guidelines
developed and adopted by COP.
Non-Annex | Parties are required to
submit their first NC within three
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years of entering the Convention and
every four years thereafter. National
communication serves as a medium

for the presentation of information in

a consistent, transparent, comparable
and flexible manner. As per Article 4,
paragraph 1, of the Convention, the
following information needs to be
provided by Non -Annex | Parties in their
NCs (UNFCCC, 2009).

(a) A national inventory of anthropogenic
emissions by sources and removals

by sinks of all greenhouse gases not
controlled by the Montreal Protocol,

to the extent its capacities permit,

using comparable methodologies to be
promoted and agreed upon by the COP.

(b) A general description of steps taken
or envisaged by the Party to implement
the Convention.

(c) Any other information that the non-
Annex | Party considers relevant to the
achievement of the objectives of the
Convention and suitable for inclusion in
its communication, including, if feasible,
material relevant for calculations of
global emission trends.

Biennial Update
Report (BUR)

The scope of the BURs is to provide an
update of the most recently submitted
national communication and to provide
additional information about mitigation
actions taken or envisaged to undertake
and their effects, as well as support
needed and received. Non-Annex |
Parties, consistent with their capabilities
and the level of support provided for
reporting, should submit their first BUR
by December 2014 and every two years
thereafter. The Least Developed Country
Parties and Small Island Developing
States may submit BURs at their own
discretion. The BURs shall be prepared
in accordance with the guidelines
contained in decision 2/CP.17 (decision
2/CP17).

Domestic MRVs

At the national level, Parties are
expected to implement the international
guidelines for domestic MRV frameworks
and to prepare and report information
according to the guidance on reporting
through national communications and
BURs. As illustrated in Figure 3, the
domestic/national MRV system includes
three elements I) MRV of emissions, 2)
MRV of NAMAs, 3) MRV of support.

Below

Figure 3: Elements of
National MRV framework
Source: UNFCCC

2014, Handbook on
Measurement, Reporting
and Verification for
developing country parties

Estimation of national,
regional, sectoral
emissions, etc

MRV of
emissions

Impact of Support on
GHG measurement,
reporting and
verification

Impact of
support
on overall
emissions

NAMA

MRV of Support

Impact of NAMA on
overall emissions

Non-emission of
impacts (Co-benefits
of NAMA)

MRV of NAMA
(policies/impacts)

Non-emission of
impacts of support

Mitigation related
support

MRV of Emissions

MRV of GHG emissions refers to
estimating, reporting, and verifying
actual emissions over a defined period of
time. This type of MRV can be performed
at the national level or by regional and
sectoral levels.

MRYV of Nationally
Appropriate Mitigation
Actions (NAMAs)

MRYV of mitigation actions involves
assessing (ex-ante or ex-post) GHG
emissions reductions and/or sustainable
development (non-GHG) effects of
policies, projects, and actions, as well

as monitoring their implementation

progress. It also involves assessing
progress toward mitigation goals.

MRYV of Support

MRV of support focuses on monitoring
the provision and receipt of financial
flows, technical knowledge, and capacity
building and evaluating the results and
impact of support.

MRV for REDD+ Activities

Developing country Parties are
encouraged to contribute to mitigation
actions in the forestry sector by
undertaking REDD+ activities

1) Reducing emissions from deforestation,
11) Reducing emissions from forest degradation,
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1II) Conservation of forest carbon stocks,
IV) Sustainable management of forests,
V) Enhancement of forest carbon
stocks.These activities should be
country-driven, correspond to national
development priorities, circumstances
and capabilities, and should respect
sovereignty. Furthermore, they should be
implemented in phases and evolve into
results-based actions that should be fully
measured, reported and verified.

Institutional
Arrangements

The robust institutional arrangement

is vital for the sustainability of a MRV
system. The national institutional
arrangements will facilitate individual
Parties in ensuring that nationally
appropriate procedures for collecting,
processing, reporting and archiving
required data and information are
established and operational in a
sustainable manner on a continuous
basis (fig.4). These can facilitate effective
coordination among all relevant
stakeholders from the public and

private sectors in meeting the reporting
requirements under the Convention, as
well as addressing the broader issue of
climate change at the national level. In
particular, institutional arrangements can
assist Parties to:

* Meet reporting requirements under
the Convention

¢ Build national capacities and
ensure the sustainability of reporting
processes

¢ Inform national and international
policymakers at different levels

e Assist in institutionalizing activities
relating to reporting on climate
change.

However, there is no one-size-fits-all
model for institutional arrangements.
Systems should be designed and tailored
such that they will be sustainable under
the respective national circumstances.

. . . [ Mitigation
National and international
Steering committee climate action focal point
. [ Support
Senior policy Decision — UNFCCC negotiators

leads makers [ Cross-cutting
Private Technical
sector leads

QA/QC

QA/QC coordinators

Climate change mitigation, adaptation and finance experts

. Sectoral climate
GHG inventory action monitoring
compilers experts

Management and coordination

Transparency International
system climate finance
coordinators trackers

Disaster and
risk reduction
authorities

finance
coordinators

Data providers

Climate related
impact data eg.
extreme weather
monitoring data

Climate related National and

project level data

GHG inventory
activity data

subnational
statistics

Figure 4: Model structure of the institutional arrangement
Source: UNFCCC 2013, Toolkit for non-Annex | Parties on establishing and maintaining
institutional arrangements for preparing national communications and biennial update

reports

MRV Systems in Sri Lanka

Sri Lanka ratified the Convention in 1993
and was among the first 50 countries

to ratify it. Further, it has ratified the
Kyoto Protocol and Paris Agreement in
2002 and 2016, respectively. Ministry of
Environment, the national focal point to
the UNFCCC, has established the Climate
Change Secretariat under its purview to
fulfil the country’s commitment to the
UNFCCC.

The country has submitted its
First, Second and Third National
Communications to the UNFCCC in 2000,
2012 and 2022 respectively. The country
has established a National MRV system
for the Transport Sector and is preparing
an integrated MRV system at the national
level. Further, it is also in the process
of developing MRV for REDD+ activities
as well. National Climate Change Data
Sharing Network (NCCDSN), which is
a national level online platform, will
support to gather data for international
MRV covering all sectors in Sri Lanka.
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Introduction
* The Green Climate Fund provides an he Green Climate Fund (GCF) was established in 2010
opportunity for developing countries by the 194 country Parties to the United Nations
to reduce greenhouse gas emissions Framework Convention on Climate Change (UNFCCC)

and increase climate resilience as an operating entity of the Financial Mechanism of the
through funding for projects UNFCCC under its Article 11. The Green Climate Fund (GCF)

is the world’s largest dedicated fund helping developing

countries to reduce their greenhouse gas (GHG) emissions

¢ Investment areas and procedure to and enhance their ability to respond to climate change. The
apply for funding and the programme mandate of GCF is to promote a paradigm shift towards
activity cycle is exp|ained ina low-emission and climate-resilient development pathways by
simplified manner channeling Climate Finance (CF) to developing countries that

have committed to climate action.
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Role of National Designated Authority
and Accredited Entities

GCF activities of each developing country are coordinated
through a National Designated Authority (NDA)/Focal Point,
nominated by the country itself, that serves as the interface
between each country and the GCF. The NDA/focal point
plays a key role throughout the project cycle in ensuring
country ownership and a country-driven approach, which
are core principles of the GCF business model. Ministry of
Environment is the NDA for Sri Lanka.

GCF provides climate finance under several instruments
including grants, concessional loans, guarantees, equities and
results-based-payments. The debt-for-climate swap is the
most recent instrument that the GCF is piloting. According
to the business model of the GCF, it acts as a partnership
organization. GCF does not directly provide finance to any
country. The GCF provides finance through the “direct access”
modality to help developing countries exercise ownership
of funding and better integrate it with their national climate
priorities . Funding of GCF is channeled through Accredited
Entities (AEs).

Accreditation is a process by which entities are assessed
and approved by the Board to access GCF funding. In this
process of accreditation, how an entity can access GCF
resources, maximum limits of GCF financial support for
which the entity can apply in a single funding proposal,
the financing modality, the financing instruments and
the environmental and social risk levels are defined. AEs
can be national, regional, or international institutions or
organizations. Only AEs can submit a funding proposal to
GCF with the endorsement of the respective NDA/s. AEs
develop and submit funding proposals for appraisal and
approval by GCF and oversee and monitor the management
and implementation of projects and programmes approved
and financed by GCF. There are two types of accreditation
modalities: direct access and international access.

1. Direct Access Entities - The Direct Access Entities
(DAEs) are sub-national, national, or regional
organizations that need to be nominated by the NDA.
DFCC Bank has been accredited as the first Direct
Access Entity in Sri Lanka in July 2023. Four banks
namely, NDB, Commercial Bank, HNB, and HDFC have
already been nominated as the DAEs by the NDA and
are in the process of accreditation.

2. International Access Entities - The International
Access Entities (IAEs) include United Nations Agencies,
multilateral development banks, international financial
institutions, International Non-Governmental
Organizations (INGOs), and regional institutions that
are directly accepted by the GCF.

'https://www.greenclimate.fund/sites/default/files/document/gcf-brief-direct-access_0.pdf

Sustainable Figance © ESM! .
- h s

During the accreditation process, an applicant entity’s
systems, policies and procedures, track record, and
demonstrated capacity to undertake projects or programmes
of different financing size categories, financing modalities,
and environmental and social risk categories are assessed
against the GCF standards. Each AE should have a set of
fiduciary principles and standards that are equivalent to the
GCF fiduciary principles and standards. The GCF accredits
entities by specifying the types of projects and programmes
of those AEs (DAE or IAE) that can be submitted for funding
and implementation. Therefore, the AEs can only submit
Funding Proposals (FPs) up to the size for which they have
been accredited. The categories of the project sizes are as
follows:

Micro: Up to USD 10 million

Small: Up to USD 50 million
Medium: Up to USD 250 million, and
Large: USD 250 million and above.

In implementing a project or programme, AE has to identify
the executing entities related to the activities identified.
Executing Entity (EE) is an entity which channels or uses GCF
proceeds for a GCF-funded activity, and/or executes, carries
out, or implements a GCF-funded activity or any part of it.

An AE may also carry out the functions of an EE. The AEs
must evaluate the capacity of the EE and engage the relevant
EE based on its ability to channel or use GCF proceeds to
implement the GCF-funded activity following GCF policies and
requirements.

GCF is providing its finance under four mitigation and four
adaptation investment areas mentioned in figure 1. GCF funds
can be accessed through submitting project proposals under
these investment areas. Project proposals should be in line
with the GCF investment areas and should explain how the
project activities can reduce emissions on GHGs or adapt to
the adverse impact of climate change in the relevant area.
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Figure 1: GCF Investment areas Source: GCF Programming Manual

Project Activity Cycle

The GCF involvement of a country in project approval is
not clear and can be explained with the project activity

cycle. The project activity cycle is comprised of 10 stages Country and entity
. Y . work programmes

as demonstrated in figure 2. The cycle starts with the

preparation of country programmes and entity work rgeted project

programmes for GCF. generation

2
282

Concept
Knowledge | e

and learning _.ﬁ submission

!J
Funding proposal
development

———S3V 'sYyaN —

Abbreviations:

AE= accredited entity,

NDA= national designatrd authority,

ITAP= independent technical advisory panel.

Figure 2: GCF project/ programme activity cycle source: GCF
Programming Manual.
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The Country programme is a document developed by
the NDA/focal point that presents a country’s climate
change priorities to GCF. It includes a pipeline of projects
that the country would like to develop with GCF for each
replenishment period, an action plan for projects and
programmes to be developed, the accredited or prospective
entity with which to partner, and the readiness and project
preparation support that requires funding from GCF.

The Entity Work Programme is a document developed by
AEs that provides an overview of the envisaged partnership
of the AE with GCF. This includes strategies and plans to
address climate change, the comparative advantages, areas of
work and priority sectors of the AE, alignment with Country
Programmes as well as GCF sectoral guidance on the eight
GCF result areas, and its experience in implementing projects
and programmes across the eight GCF result areas. It also
summarizes the indicative projects and programmes of the AE
and outlines an action plan for engagement with GCF for each
replenishment period.

With the identified priority areas from the country
programme and entity work programmes, AEs, together with
the NDA, should generate projects with the support of all
relevant stakeholders.

Under the Readiness support progremme, GCF is
supporting the developing countries to enhance the capacity
of national institutions to engage efficiently with GCF. There
are two types of readiness support given by GCF. They are
NDA Readiness and National Adaptation Planning (NAP)
Readiness. Based on the submission of high-quality proposals,
the Readiness Programme may provide up to USD 1 million
per country per year for NDA Readiness and up to USD
3 million per country as a one-time grant for a period of
three years for formulation and implementation of national
adaptation plans already present above and/or other
adaptation planning processes.

Stage 1 identification of country programmes.

Stage 2 of the programme activity cycle is the generation
of targeted projects or programme funding proposals.

ideas for projects and programmes can originate from
country programmes and Entity Work Programmes (EWPs).
Additional funding proposals that meet the criteria of the
GCF investment framework can be generated as issuance
of targeted Requests For Proposal (RFPs) of GCF and also

as bankable project ideas through dedicated platforms and
innovative partnerships between the Secretariat and other
non-accredited organizations. There are two ways to submit
project proposals to the GCF:

(1) A project proponent develops a full FP with AE and
submits it to the GCF with the consent of the NDA.

(2) A concept note is developed and submitted by the
project proponent, with or without the AE, to the GCF
and the funding proposal is developed after the concept
note is approved.

Stage 3 of the GCF programme activity cycle is concept
note submission. A concept note helps the prospective
proponent to obtain confirmation from the GCF Secretariat
whether the intended project is aligned with the funding
criteria of GCF. The submission of a Concept Note (CN) is an
optional step but is strongly encouraged, as concept notes can
lead to higher 'quality at entry' of FPs, a reduced review time,
and lower transaction costs for all stakeholders. However,

the submission of a CN is mandatory if the Accredited entity
wishes to get the funding under Project Preparatory Facility
(PPF) for preparation of the funding proposal or the proposal
is submitted under the Simplified Approval Process (SAP)
which will be explained later in this article. Concept notes can
be submitted either by the AE or the NDA.

Stage 4 of the GCF programme activity cycle is the
development of a funding proposal. A funding proposal is the
set of documents prepared by the AEs using GCF standard
templates that are submitted to GCF to formally request
funding for a project. Developing a funding proposal is a
complex process to follow which includes many technical and
financial details. To make the process less complicated for
small projects with low environmental and social risks, the
GCF has adopted a SAP. SAP is only applicable for projects
which are ready for scaling-up, with low environmental and
social risk (Category C) and a total budget of less than 25
million USS.

The GCF provides support for preparation for funding
projects through the Project Preparation Facility (PPF). This
PPF is especially targeted at DAEs, and for micro-to-small
size category projects. The maximum PPF grant is 10% of the
total funding requested or a maximum of 1.5 million USD
whichever is lower in cost.

When developing a funding proposal, the AE is required to
have a collaboration with the relevant country authorities.
All funding proposals submitted to GCF must obtain a No
Objection Letter (NOL) from the NDA/focal point. This letter
implies that the government of the country has no objection
to the funding proposal and it is in line with the national
climate change priorities.

Stage 5 Once the project proposal is submitted to the
GCF, it will be evaluated by the GCF secretariat and then by
the Independent Technical Advisory Panel (ITAP). During the
process, there can be several rounds of comments from the
GCF side which AE needs to address.

Stage 6 After the review of the Secretariat, ITAP project
proposal is submitted to the GCF Board for approval.

Stage 7 describes the legal arrangement after the funding
proposal is approved. The AE will have to sign a Funding
Activity Agreement with the GCF for each approved proposal.

Stage 8,9 and 10 of the Programme activity cycle describe
the project implementation, monitoring, and management.
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In the implementation of the project, AE is responsible
for the overall management, implementation, and oversight
of funded activities in line with GCF standards and legal
agreements. AE should also ensure that their obligations
under the legal agreements with GCF are passed on to the
executing entities of the project when implementing GCF
projects and programmes. AE should work closely with NDA
in the implementation of the project. The NDA should ensure
country ownership and stakeholder engagement throughout
the project while supporting monitoring, evaluating, and
learning by working with accredited entities to plan for
evaluations/reviews and impact assessments. The NDA
should participate in performance assessment reviews and
evaluation workshops.

GCF provides all its templates and procedures on their
website https://www.greenclimate.fund. It also contains
information on the approved projects and stages they are
implementing. Sri Lanka has prepared the Operation Manual
and Stakeholder Engagement Strategy for the GCF-related
activities in the country. Currently, the Climate Change
Secretariat is in the process of preparing the Country
Programme for Sri Lanka, reflecting the climate change
priorities of the country.

Recent GCF Projects

As of July 2023, Sri Lanka has received GCF funding support
for two country-specific projects namely, “Strengthening

the resilience of smallholder farmers in the Dry Zone to
climate variability and extreme events through an integrated
approach to water management and 'Strengthening Climate
Resilience of Subsistence Farmers and Agricultural Plantation
Communities residing in the vulnerable river basins,
watershed areas and downstream of the Knuckles Mountain
Range Catchment of Sri Lanka'. Sri Lanka is also participating
in three recently approved multi-country projects namely, the
'Programme for Energy Efficiency in Buildings', 'Global Fund
for Coral Reefs Investment Window' and 'Cooling Facility'.
There are two readiness support initiatives funded by GCF
for Sri Lanka. One is the general NDA Readiness Support and
the other, the NAP Readiness Support. All the information on
these projects and readiness actions can openly be accessed
on the Sri Lanka Country Page of the GCF website.

The GCF is a very important part of the overall climate
finance access plan of Sri Lanka and other developing
countries. There are a number of unchartered waters for Sri
Lanka within the GCF, including the private sector facility.
Currently, the Climate Change Secretariat (CCS) is leading the
way to capitalizing these potential through the GCF country
programme and readiness actions.

'Strengthening the resilience
of smallholder farmers in the
Dry Zone to climate variability
and extreme events through an
integrated approach to
water management'

8 p
é ®
Operation Manual on Stakeholder Engagement Strategy
Green Climate Fund (GCF) for
for Sri Lanka Green Climate Fund (GCF)

related Activities in Sri Lanka

Ministry of Environment Ministry of Environment
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impacts through vertical and horizontal
integration of adaptation planning
and implementation.

e Capacity building and strengthening
relevant institutional mechanisms to
support adaptation at the national and
sub-national level and across
vulnerable sectors.

e Comprehensive adaptation finance and

| resource mobilization approach adopted to
enable scaling up of adaptation.
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Introduction

ri Lanka is highly vulnerable to the
S adverse impacts of climate change

(Climate Change Secretariat, 2016).
The country is among the top 30 climate
affected countries in the world (Global
Climate Risk Index, 2021) and has been
placed among the top 10 countries
at risk of extreme weather events in
2016, 2017 and 2018. Occurrences of
natural disasters due to extreme weather
conditions such as prolonged droughts,
flash floods and landslides deprive
lives and livelihoods of people (Climate
Change Secretariat, 2016) and inflict
enormous costs on the government’s
budget (Fiertz et al., 2022; Climate
Change Secretariat, 2022). There is
evidence that points to Sri Lanka’s dry
zone getting drier and the wet zone
wetter (Jayawardena et al., 2018 in
Climate Change Secretariat, 2022), which
has implications to all major economic
sectors vulnerable to climate change,
including for agriculture and export
agriculture (Esham & Garforth, 2013).

To address climate change impacts and
adapt to these impacts, Sri Lanka has
already taken the first critical steps and
has formulated important policies and
strategies including the National Climate
Change Adaptation Strategy (2011-2016)
and the National Adaptation Plan (NAP)
for Climate Change in Sri Lanka (2016 to
2025). Sri Lanka submitted its Updated
Nationally Determined Contributions
(NDCs) to the United Nations Framework
Convention on Climate Change (UNFCCC)
in July 2021.

The NAP process was officially
established under the Cancun Adaptation
Framework, in 2010, which was an
outcome of the 16" Conference of the
Parties to the UNFCCC. NAP is a key
instrument to identify medium and long-
term adaptation needs, and to develop
and implement strategies and programs
to address those needs (UNFCCC,

2010; Dazé et al., 2016). In 2015, at the
21 Conference of the Parties to the
UNFCCC in Paris (the Paris Agreement),
the importance of NAPs in the global
effort to address climate change was

recognized. Furthermore, at the same
meeting, the Green Climate Fund (GCF)
was requested by the COP to expedite
support for the preparation of NAPs.

While Sri Lanka was one of the
first countries to prepare its NAP in
2016, systematic implementation,
reporting, and monitoring was delayed
for various reasons, including due to
the COVID 19 pandemic. Seeking GCF
Readiness funding, Sri Lanka’s National
Designated Authority (NDA) to GCF,
the Ministry of Environment, through
the Climate Change Secretariat (CCS),
together with the Global Green Growth
Institute (GGGI), as the Delivery Partner,
embarked on the implementation of the
NAP Readiness Support Project in August
2021. GGGl has a Framework Agreement

with GCF as a Readiness Delivery Partner.

GREEN
CLIMATE

Stre ‘1§:rhf"n ing the

FUND Nationa nJ iptation Plan of S

Readiness for Supporting
the Implementation of
Sri Lanka’s NAP

The NAP Readiness Support Project
aims to build resilience of the most
vulnerable sectors and communities in
Sri Lanka to adverse effects of climate
change by helping to bolster the adaptive
capacity in these key sectors and in
national and provincial level institutions.
While providing support to further
strengthen the National Adaptation

Plan implementation process, the
project facilitates technical and financial
assistance to make these actions
realistic at the ground. Recognising that
climate change-related risks cannot be
considered in isolation and that a multi-

Process and Capacity
slementation of
>ri Lanka
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sectoral approach needs to be taken, the
project aims to seek integrated solutions
and adaptation measures to address risks
to key national development initiatives
(GCF, 2020).

The target outcomes from this
NAP readiness initiative include: (i)
strengthened capacity in Sri Lanka to
coordinate and guide the process of
NAP implementation and revision; (ii)
a competent national development
planning system that seamlessly
integrates climate change adaptation
into polices, strategies and plans for
vulnerable sectors and regions; (iii)
capable national, sectoral and provincial
stakeholders who are able to use the
latest climate information and tools for
adaptation planning; (iv) vulnerable
communities and sectors empowered
to respond to extreme events and
disasters through exposure to adaptation
research and knowledge sharing; (v) a
comprehensive adaptation finance and
resource mobilization approach adopted
to enable scaling up of adaptation
finance; and (vi) capacity created in Sri
Lanka to monitor, report and evaluate
results, as well as progress, and update
the NAP; (vii) A Gender and Social Action
Plan (GSAP) — to effectively mainstream
gender and social inclusion across the
NAP process.

In terms of implementation
arrangements, as the delivery partner,
GGGl has set up a team of local and
international experts to carry out day-
to-day execution of project activities,
along with two partner organizations, the
Sri Lanka Red Cross Society (SLRCS) and
the International Water Management
Institute (IWMI) who are responsible for
the capacity building component and the
climate information systems component
of the project respectively. In addition
to working in close collaboration with
the CCS, a National Steeting Committee
has been appointed to play an oversight
role, to monitor progress and provide
recommendations and guidance.

During the implementation process, the
initiative engages with a diverse range
of stakeholders, from government,
private sector, civil society, development
partners and academic institutions.

Key Project Interventions-
Building Blocks for
Accelerating Adaptation
Action

While nine sectors have been identified
as vulnerable to climate change in Sri
Lanka, along with ten cross-cutting
national adaptation needs in the NAP
(2016-2025), an integrated approach is
required to mainstream climate change
adaptation into national planning in such
a way that it contributes towards an
inclusive and sustainable development
agenda of the country. Both vertical

and horizontal adaptation planning
processes are crucial for this purpose and
would underpin overall success during
implementation.

Horizontal and

Vertical Integration of
Adaptation Planning and
Implementation

Under the GCF readiness support project
there is a focus on horizontal as well

as vertical integration of adaptation
planning. In regard to horizontal
integration. The national level sector
consultations for the nine vulnerable
sectors identified under the NAP (2016~
2025) with the objectives to review the
implications of climate change to the
sector, identify the current situation

to address climate change adaptation
(stock-taking) and the institutional
set-up; develop recommendations to
integrate adaptation interventions

into national, sectoral policies and
provincial development plans, revise
the NAP sectoral adaptation plans (for
the updating of the NAP), taking into
consideration the updated adaptation
NDCs, and the establishment of
appropriate Sector Climate Cells

(SCCs) for institutional coordination
and ensuring that we build a cross-
sectoral picture. Thus far, the project
has completed eight of its nine sector
consultations for (i) tourism & recreation,
(ii) coastal & marine, (iii) health sector,

(iv) energy and transport (industry to be
covered separately), (v) food security
(agriculture, livestock, fisheries), (vi)
water resources, (vii) human settlement
and infrastructure and (viii) export
agriculture. The other vulnerable sectors
to be covered based on the NAP is (ix)
ecosystems and biodiversity,

The primary focus on the GCF NAP
readiness project to date has been
on the vertical integration of the
adaptation process, and the project has
launched its activities at a sub-national
level in terms of provincial adaptation
planning, across the nine provinces in
Sri Lanka and successfully concluded
the first and second round of provincial
workshops in all of the nine provinces.
The project communicated to all nine
provinces regarding the overall project
objectives and interventions, receiving
a nomination of a focal point for each
province for the team to liaise with. A
total of 518 participants attended the
first round of workshops, of which 64%
were male and 36% female, representing
several stakeholder groups and sectors.

This initial round of workshops was
important for the familiarization with
the National Adaptation Plan (NAP) and
to introduce the project and undertake
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some awareness raising in terms of
climate change and its implications,
implementation of climate change
adaptation and resilience building. In
addition to an informative keynote
address, an online app mentimeter was
used to make the sessions participatory
and interesting for the participants.

One of the key activities at the
provincial level is the formulation of a
Provincial Adaptation Plan (PAP) and a
common outline for the PAP together
with guidance for systematic data
gathering was developed. Preparation
of the PAP involves drawing on existing
development plans and strategies from
the province and also ensuring that
the expert knowledge, information
and experiences of the provincial
stakeholders are taken on board.

The workshops used participatory
approaches to gather relevant
preliminary data for the preparation

of the PAP on the vulnerabilities of

the province, previous and current
adaptation interventions, and
responsible agencies. The project team
including the provincial adaptation
planning consultants, played a facilitatory
role, supporting the synthesis of

the information, expert views and
perceptions gathered from the local
stakeholders.

Another important activity covered
in the workshops was about setting up
suitable institutional mechanisms at the
provincial level for the implementation
of the PAP and establishing the Provincial
Climate Cell (PCC) as a decision-making
body, and Provincial Climate Unit
(PCU) as an operational unit, in each
province for this purpose. Building on
the earlier provincial consultations that
had taken place on this topic under
the Third National Communication
in 2018 and 2019, the team used
participatory mentimeter sessions to
obtain the views and perspectives of
the stakeholders on the composition,
roles and responsibilities and terms of
reference for these entities. The team
received the fullest support of the Chief
Secretaries, Deputy Secretaries, and
other senior officers in the province in
initiating this process, noting that each
province may have its own unique needs.
The participatory exercise helped the
stakeholders recognize the importance
of maintaining a relatively small
membership for the PCC, comprising of
10 to 20 key decision makers to enable
effective decision-making, whilst getting
the technical support from a broader
group of stakeholders/agencies upon
request, as and when required. It was
proposed that the Chief Secretary of
the province should chair the PCC and
convene the PCC quarterly to take

decisions and review progress of climate
actions related to the province.

In addition, data collection to assess
the provincial level stakeholders’
capacities needed for the successful
implementation of the PAP was
conducted at the workshop, by the
SLRCS, using an individual questionnaire
that was administered in a group
setting. Data on technical and resource
needs was collected covering six
benchmarks; (i) climate information
and risk assessment; (ii) policy, strategy,
mandate, and standards; (iii) operational
planning, resource mobilization and
implementation; (iv) coordination
and partnerships; (v) monitoring
and evaluation; and (vi) information
management. The information was
collected through 69 questions of which
63 quantitative answers were gathered
in rating scales, while 06 questions
gathered qualitative data through
open ended questions. A Likert scale
is used for the quantitative questions,
to measure the scale with six choices
that range from “Don’t know/not sure”
to “Full Capacity”. Analyses of results
are underway provincial-wise and will
be amalgamated in a final capacity
needs assessment report, including
recommendations under the six
benchmarks.

When planning the provincial
workshops, the team was reflective and
used an adaptive, iterative approach,
continuously fine-tuning the agenda and
refining the sessions, taking on board
the feedback and lessons learned from
each of the workshops and applying it to
the next one in the series. The team also
noted, based on the feedback from the
stakeholders that there was a need to
foster cross-provincial interactions and
integration in the consultation process,
to make the outcome of the provincial
adaptation more impactful and more
sustainable in the long term and to
ensure overall success. The project also
linked up with other key adaptation
initiatives operating under the purview
of the Climate Change Secretariat at
the provincial level, to ensure that the
consultations were conducted in a
coordinated manner.
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Integrating Climate
Information Systems into
Adaptation Planning

To support medium and long-term
adaptation planning, a critical
component that is covered through

the GCF NAP readiness project is the
integrating of Climate Information
Systems. The International Water
Management Institute (IWMI) is
responsible for this component, and
climate modelling, and the development
of climate scenarios and impact
scenarios have commenced. Since the
resolution of larger General Circulation
Models are coarse, climate projections
produced by them cannot be used
directly in Sri Lanka. They need to be
converted into a finer resolution. This
project will do this using a method
called “dynamic downscaling” which

is considered more reliable for a small
country like Sri Lanka. Through the
project, a dynamic downscaling model is
being developed by the Meteorological
Department under guidance of IWMI,
and the capacity will be retained within
the Meteorological Department. The
downscaled climate scenarios can be
used to project impact scenarios for

the nine vulnerable sectors under NAP.
IWMI will also build on existing systems
to design a multi-hazard information
and dissemination platform, where early
warnings to extreme climate events such
as droughts, floods, and landslides etc.,
may be triggered based on identified
thresholds of monitored indicators. The
is expected to be interconnected and
piloted in the Southern Province.

The Need for Enhanced
Financing for Adaptation

To enable implementation and scaling
up of adaptation interventions, a
comprehensive adaptation finance and
resource mobilization approach (that
includes blended finance, international,
domestic, private) is being developed
through the GCF NAP readiness
support project. The preparation of
GCF project concept notes is a critical
step in the comprehensive resource
mobilization approach being taken

to scale up adaptation interventions

in Sri Lanka. During the sectoral
consultations organised under the
project, the stakeholders are provided
with an overview of the methodology
employed by GGGl in the preparation
of GCF Project Concepts. The GCF has
established sectoral project proposal
development guidelines that align with
the sectors covered by the NAP, and the
GCF concept note template has been
sensitized to the GCF NAP Readiness
sector specialists. An iterative process
will be used by the GCF NAP GGGl team
and sector specialists to refine and
ensure compliance with GCF guidelines
before submitting the project concept
notes to the NDA.

Moreover, the demand-driven and
bottom-up approach emphasized in the
methodology ensures that provinces are
consulted before sectoral consultations
are conducted, to ensure that the GCF
Project Concepts align with the unique
needs and context of each province. The
Project's Provincial Consultants will also
review the draft project concept notes,
providing intelligence from a provincial
perspective, which will further enhance
the concepts and ensure that they are
relevant and effective in addressing the
climate change-related risks faced by
vulnerable communities and sectors
in Sri Lanka. Therefore, the process of
preparing GCF project concept notes
is comprehensive, participatory, and
designed to ensure that the adaptation
interventions are tailored to meet the
needs of the local communities and
sectors.

| S
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Conclusion

In conclusion, the Sri Lanka GCF

NAP Readiness Support Project is

a comprehensive and participatory
initiative that seeks to build resilience

in vulnerable sectors and communities
to climate change-related risks. The
project aims to facilitate technical and
financial assistance to integrate climate
change adaptation into national planning
and policies, as well as provincial
development plans. Through the
development of Provincial Adaptation
Plans and the establishment of Provincial
Climate Cells, the project ensures that
the adaptation interventions are tailored
to meet the needs of local communities
and sectors. The project also emphasizes
the need for enhanced financing for
adaptation, and the preparation of

GCF project concept notes is a critical
step in this comprehensive resource
mobilization approach to scale up
adaptation interventions in Sri Lanka.
Overall, the project is making significant
progress in strengthening Sri Lanka's
capacity to coordinate and guide

the process of NAP implementation

and revision, as well as to empower
vulnerable communities and sectors to
respond to extreme events and disasters.
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Introduction

he world has continued to

face a twin challenge, namely,

expanding economic opportunities
for all in the context of a growing
global population, and addressing
environmental pressures that could
undermine the ability to seize these
opportunities. Green growth is where
these two challenges meet, and is about
exploiting the opportunities together.

Green growth fosters economic growth
and development while ensuring that
the natural ecosystems continue to
provide the resources and environmental
services. This activity will no doubt
improve the well-being of people,
underpin sustained growth and give
rise to new economic opportunities.
Green growth is not a replacement for
sustainable development, however, it
provides a practical and flexible approach
for achieving concrete, measurable
progress across the economic and
environmental pillars, in this case, the
Central Highlands of Sri Lanka. It takes
into full account the social consequences
of greening the growth dynamic of
economies.

Green Growth Planning (GGP)
is an integral part of the structural
reforms needed to foster strong, more
sustainable and inclusive growth. They
can unlock new growth engines by
enhancing productivity, boosting investor
confidence, opening up new markets,
contributing to fiscal consolidation and
reducing risks of negative shocks to
growth. The GGP is the process of (1)
envisioning and attending to possible
climate scenarios and other foreseen
developmental challenges, (2) identifying
a collectively desirable pathway, and
(3) building consensus around choices
that would put a country on that path.
It involves allocating resources to green
sectors, and, in some cases, reallocating
resources away from traditional
sectors, which may require some initial
investment but pays for itself in the long
term.

The basic steps of GGP includes (a)
Diagnosis - a national or regional (within

country) analysis, (b) Assessment —
the identification of interventions,
(after careful consideration of
positive and negative aspects) and (c)
Action planning - project, policy and
institutional planning, followed by the
implementation of the plan (Figure
1). Strategies for Green Growth need
to be tailored to fit specific country
circumstances. Those strategies will need
to carefully consider how to manage
any potential trade-offs and how to
best exploit the synergies between
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Green Growth, poverty reduction

and environmental health. Given the
centrality of natural assets in low-income
countries, Green Growth policies can
reduce vulnerability to environmental
risks and increase the livelihood security
of the poor.

Below

Figure 1: Green Growth Planning process
(Source: https://www.greengrowthknowledge.
org/sites/default/files/learning-resources/
action/Green%20Growth%20Planning%20
Guidelines.pdf)
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The Central Highlands of
Sri Lanka

The Central Highlands of Sri Lanka

is uniquely characterized by Peak
Wilderness Protected Area, Horton
Plains National Park and Knuckles
Conservation Forest, and was inscribed
on to the World Heritage List in 2010 in
recognition of the sites’ values within
one of the world’s richest concentrations
of biodiversity. The Central Highlands
(Figure 2) include the largest and least
disturbed remaining areas of the sub-
montane and montane rain forests of
Sri Lanka. The highlands are a global
conservation priority on many accounts
and considered as a super-hotspot
within the Western Ghats and Sri Lanka
biodiversity hotspot.

More than half of Sri Lanka’s endemic
vertebrates, half of the country’s
endemic flowering plants and more
than 34% of its endemic trees, shrubs,
and herbs are found in these diverse
montane rain forests and adjoining
grassland areas. Furthermore, the
Central Highlands of Sri Lanka consist
of two distinct aquifers supporting
domestic use and agriculture while the
radial network of country’s rivers begins
in the central highlands, with 103 distinct
river basins that cover 90% of the island
(de Silva 2014). Hence, conservation and
management of the biodiversity and
water resources in Central Highlands
would have a major contribution to the
overall sustainable development of
Sri Lanka.

Climate and climate
change in Central
Highlands

The tropical climate in Sri Lanka is
represented with a mean annual air
temperature ranging from a low of

15°C in high altitudes to a high of 28°C
in low altitudes. The diurnal variation

of temperature is high in mountainous
regions (Central Highlands of the
country) in comparison to the coastal
regions. The mean monthly temperature
changes by £3°C in high altitudes and by

+1°C in low altitudes. The rainfall pattern
of the island is essentially governed by
the southwest monsoon from May to
September and northeast monsoon from
December to February. The transition
period between the two monsoons is
defined by the first inter-monsoon from
March to April and the second inter-
monsoon from October to November.
The country is divided according to the
temporal and spatial variation of rainfall
into wet, dry, and intermediate zones
(Marambe et al. 2015).
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Green Growth Planning a need for the Central Highlands of Sri Lanka

The Central Highlands is located in the
wet zone of the country, and is situated
in an area receiving more than 2,500mm
of annual rainfall. The elevation of the
highlands ranges from about 300 to
2,524m, with Pidurutalagala being the
highest peak. The Central Highlands
receive as much as 3,000-4,000mm
of annual rainfall during south-west
monsoon period (PWRI, 2007). Past
studies (De Silva & Sonnadara, 2016)
indicated that the annual rainfall is
showing decreasing trends while the
annual mean temperature is showing an
increasing trend, and that heavy rainfall
events have become more frequent in
Central Highlands during the 21 century
(Punyawardena et al., 2013). Further, a
17% reduction of rainfall in the upper
Mahaweli watershed in the Central
Highlands is predicted by 2025 (Shantha
& Jayasundara, 2005).

Several studies have estimated the
impact of climate change on central

highlands. Extreme climate events,
especially heavy rainfall during south-
west monsoon, have been reported to
increase runoff in the Central highlands
(De Silva et al., 2007). The predicted
increase in runoff in Kandy/Katugastota
area in the Central Highlands of Sri
Lanka has been estimated as 66.4% in
2030, 83% in 2040 and 100% in 2050
compared to the period 1961-1990

(De Silva, 2014). Furthermore, a clear
relationship has been reported between
erosion in upstream catchments

owing to heavy rainfall and poor soil
conservation measures, and irrigation
supply to downstream agriculture
through sedimentation that is reducing
reservoir capacity. Rantembe reservoir
in the central hills has lost about 47%
of its original capacity during the
period 1990 to 2015, while the Polgolla
reservoir has lost 45% of its capacity
between 1971 and 2000 (GCF, 2020).
Higher environmental temperatures at

Adams Peak (Sri Pada) © Sri Lanka Spirit

Rahangala (20.3°C) has resulted in potato
crop completing its life cycle a month
earlier by fulfilling the thermal time
requirement, compared to that of Seetha
Eliya having lower average temperature
(15.1 °C) (Abhayapala et al., 2014).

The Need for Green
Growth Planning in
Central Highlands

The Central Highlands host important
development projects of the country,
including the Mahaweli Development
Project. The Development Projects
carried out over the years, intensive
agricultural activities, including mono
cropping with inadequate attention
on soil conservation, have resulted in
severe land degradation in the most
parts of the Highlands. Climatic changes
and the destruction of natural assets
have further exacerbated the negative
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impact on the Central Highlands. A
development and a growth strategy

with a plan for sustainable utilization of
resources together with the preservation
of natural assets, and their effective
implementation are, hence, urgent
needs to secure the value of this unique
tropical highland both in terms of
conservation and sustainable utilization
of biodiversity and water resources.

The Central Highlands of Sri Lanka fall
within three out of nine provinces of the
country, namely, Sabaragamuwa, Uva,
and Central provinces. The Integrated
Provincial Development Plans for
the period of five years (2019-2023)
have been developed highlighting
the commitment to sustainable
environmental management (Figure 3).

Buddhi Marambe, Pradeepa Silva, Samantha Dissanayake, and Peter Minang
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These vision-based development
plans identifying projects that have
been developed through stakeholder
consultation, along with budgetary
allocations and monitoring and
evaluation plans, include activities
strongly linked to green growth. These
actions, thus, can be upgraded with
a more refined approach with the
involvement of the planning divisions of
the respective provinces.

Green Growth Planning has historically
been connected to macroeconomic
planning, especially to modernize
existing industries, create new industries,
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Figure 3: Cover
pages of the
integrated 5-year

xirn

i EGRATED SUSTAINABLE Development Plans
DEVELOPMENT PLAN of Sabaragamuwa,
Central and

2 01 q
23 Uva Provinces

occupying the

Central Highlands

of Sri Lanka.

retrain workers, foster investment

and research and development (R&D)
and develop stable markets (Nielsen,
1984). Both developed and developing
countries have used macroeconomic
policy tools such as public financing
and lending, reduction of or exemption
from taxes and fees, R&D funding, public
procurement and preferred purchase
system (L&C) to achieve growth

(GGGI, 2020).

Green growth integrates key aspects of
economic performance, such as poverty
reduction, job creation and social
inclusion, with those of environmental

performance, such as mitigation of
climate change and biodiversity loss and
security of access to clean water and
energy. Green growth has progressively
emerged on the agenda of governments
in developing Asia (Howes & Wyrwoll,
2012). The limits of the climate system
prohibit countries with different
economic strengths from following

the same development path. Hence,
sector-based Green Growth Planning
should be carried out while aligning

the development needs with required
actions to avoid irreversible impacts of
climate change.
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Green Growth Planning a need for the Central Highlands of Sri Lanka

Green growth will protect economies
from the negative impacts of climate
change and facilitating transitions
to more sustainable economies. A
careful Green Growth Planning process
will allow even the lesser developed
and hydrocarbon-based economies
to identify the paths, programs and
policies that may be most relevant
to their national contexts to achieve
macroeconomic goals. Furthermore,
many measures have been proposed at
global level to monitor how countries
perform in achieving a more inclusive
and environmentally sustainable pattern
of growth, especially focusing on the
development objectives. In this regard,
the Asian Development Bank (ADB) has
proposed the 'Inclusive Green Growth
Index' (IGGI), which is designed to help
guide policymakers to make informed
decisions on prioritizing infrastructure
investments and financial allocations to
deliver a better quality of growth (ADB,
2018).

The National Designated Authority
(NDA) Readiness and Support Proposal
approved for Sri Lanka by the Green
Climate Fund (GCF) has identified the
development of a climate-smart/green
growth strategy for the Central Highlands
of Sri Lanka (GCF, 2019). This process will
draw from the provincial development
plans that exist in Sri Lanka to derive
a set of feasible and context relevant
climate smart options that will form
the basis for GCF concept notes to be
developed. Through this program, the
First Analysis Towards the Development
of Green Growth Plans for Three Sri
Lankan Provinces (Sabaragamuwa, Uva
& Central Province) has been prepared
(unpublished) through stakeholder
engagement process.

Conclusion

Green Growth is an emerging concept
that recognizes environmental protection
as a driver of global and national
economic development. Such efforts will
focus on qualitative growth of the society
rather than simply increasing the gross
domestic product (GDP). Green Growth

planning is a process of mainstreaming
climate resilience and low carbon
development into key sectors of the
economy.

Green growth strategies would help
build climate resilience in Central
Highlands of Sri Lanka. Such efforts
will help to achieve energy security by
supporting the development of green
Industry and services, sustainable land
use and water resource management
that result in food security, conservation

of biodiversity and ecosystem services,
and social protection with improved
health and disaster risk reduction, thus
reducing the overall vulnerability of the
Central Highlands to climate change.

In Green Growth Planning for Central
Highlands, Sri Lanka should also focus
strongly on effective access to economic
opportunities for all segments of society
in an environmentally sustainable
manner and attuned to climate

change risks.
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Engaging the private sector
in climate change adaptation in Sri Lanka,

Importance,
opportunities and
challenges

Methmali Rajaguru

Climate Change Secretariat, Ministry of Environment
methmali@yahoo.com

Introduction

limate change is one of the greatest
challenges faced by humans in

the 21 century. It is real and

* Engaging the private sector in
climate change risk reduction,
and adaptation needs to be a

priority in developing countries.

Key words: X el el
the world is already experiencing its
e The Private sector has an PRIVATE SECTOR, adverse impacts. Projections from the
important engagement in CLIMATE ADAPTATION, Intergovernmental Panel on Climate
climate change adaptation FINANCE Change (IPCC) suggest that those impacts
with opportunities in different will become even more intense in the

future with further increase in warming,
rising sea levels, intensifying the water
cycle with variable rainfall and associated
floods and droughts etc., (AR6, 2021).

perspectives.

e Several challenges exist for
the private sector in Sri Lanka to

— =

contribute to climate adaptation
responses.

e Overcoming challenges include
promoting investments in
climate change adaptation.

® Robust involvement of the
private sector in managing
climate risks will bring
resilience to vulnerability
as well as systematic long-
term sustainability to private
investments.
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Addressing climate change challenges
to overcome such impacts is a
multifaceted challenge. Although the
public sector has taken major actions
in both climate change mitigation and
adaptation, the private sector has taken
less contribution for climate change
adaptation. However, the businesses
need to be very concerned about
climate change, because it can reverse
the economic success achieved to date.
The private sector is the driving force
in modern market economies, and the
impact of climate change has a severe
impact on their economic activities.
Therefore, the private sector has an
important role to play in adaptation
responses to climate change.

Engaging the business community
in climate change risk reduction and
adaptation needs to be a much higher
priority in developing countries. Private
sector companies should integrate
adaptation into their strategies and
investments for several reasons. Firstly,
the economic interest; many of their
investments in development sectors are
at risk; therefore, integrating adaptation
planning and measures will make their
investments and returns less risky with
sustainable profits. Secondly, the clients’
interest; without adaptation measures,
most development investments in
vulnerable countries are not sustainable.
Thirdly, to support the climate change
interests of their countries of operation.
The private sector must become an
active partner in adaptation efforts
in developing countries as they can
strengthen governments, help define
and complement effective public
adaptation measures and build national
and international support through their
influence. Although there is an emerging
business voice, it needs to be more vocal
and effective (CAN, 2013).

Need of Engagement of
the Private Sector in the
Climate Process in

Sri Lanka

Sri Lanka has been identified as a highly
vulnerable country to the adverse

impacts of climate change. The impacts
of climate change are already being
felt with the increase of frequency and
intensity of rainfall and drought events.
These extreme events may put lives,
livelihoods, and infrastructure at risk
through riverine flooding, flash floods
and landslides (ADB, 2020). About 74
percent of disasters took place between
1990 - 2018 due to adverse impact of
climate change, such as floods (58%),
landslides (5%), storms (7%), and
drought (4%) (CRED, 2019). Damage
due to flooding between 1990 - 2018
was estimated over USD 2 billion,

half of which occurred in 2016. The
damages occurred in many sectors,
namely, human settlements, health
and nutrition, education, food security
(agriculture, livestock and fisheries),
industry and commerce, irrigation,
water and sanitation, transport, power
supply, employment and livelihood,
and environment. Climate change
considerably impacted on the local
economy and the International Finance
Corporation (IFC) stated “Without
significant investment in climate
resilience, the country could lose about
1.2% of the annual GDP growth by 2050
due to climate change (IFC, 2019).

As the contribution of the public sector
alone is not sufficient to address this

in the future, the involvement of the
private sector is also required.Therefore,
private sector investments are needed
to address climate change impacts,

promote adaptation measures to the
impacts that are already occurring, and
build resilience.

Opportunities for the
Private Sector:

Private sector engagement in climate
change adaptation is essential as they
can contribute in various perspectives.

® The private sector can play a critical
role in mobilizing private sources of
financing to address climate adaptation
opportunities in priority economic
sectors.

@ Private sector corporations also can
develop and deliver many adaptation
services such as insurance, development
and implementation of improved data
bases and information systems, weather
observation technology and early
warning systems

® The private sector has particular
competencies which can make a unique
contribution to adaptation through
innovative adaptation technology

and design of resilient infrastructure
such as in agriculture. Investment may
be needed for developing irrigation
equipment and technologies, drought-
resistant seeds and other agricultural
products, along with water management
infrastructure and technologies. Having
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climate-resilient infrastructure is crucial
for safeguarding economic development
in the face of a changing and more
variable climate.

@ Private sector can also contribute

to the research projects, capacity
building and increase awareness among
employees and business partners
about climate change mitigation and
adaptation.

Potential Challenges:

There is a need for the private sector to
be more engaged in identifying climate
change risks, response measures, and
adaptation in Sri Lanka. However, it is

a big challenge for the private sector in
Sri Lanka, like most of the developing
countries to contribute to climate
adaptation responses, due to the
following;

A Lack of knowledge, capacity and
awareness: There are knowledge,
capacity and awareness gaps on climate

risk among the private sector entities.
Although the private sector is aware of
the climate hazards on their operations,
their understanding of climate risk

and vulnerability is limited, which
discourages investment decisions in
climate adaptation.

A lLimited data and information:
Country-level climate risk and

vulnerability data and information

services are limited, which can be

used for decision making and to

guide investment. Therefore, limited

information on climate risk makes it

difficult to develop a monitory value for

climate vulnerability in order to

consider investments.

A Gaps on required capital investment:

Limited clarity on the government’s
capital investment gaps to achieve
adaptation goals and/or on where
private investment is needed.

A Business type and business models:
Many private sector businesses of
Sri Lanka are micro, small, and medium

enterprises (MSMEs). Their business

models are designed to gain a quick
return for the investment, and climate
adaption, which has no immediate result,
may not be a priority for them.

A Lack of proper institutional
arrangement: There is no proper
institutional setup for the engagement

of the private sector for climate
change adaptation activities with the
government agencies. Further, the lack
of specific guidelines on private sector
engagement in climate adaption is a
barrier to private sector investment.
Therefore, there is an inability of the
private investor to benefit from the
actual returns on its investment and
capture the full environmental and
social benefits generated by adaptation
investments

A Absence of effective financial
incentives mechanism: Absence of
effective financial incentive mechanisms

and low-cost financing instruments

for adaption such as soft loans, a

mix of loans and grants, and lack of

an investment option or investment
opportunity portal for climate adaption
investments for the private sector

Overcoming Challenges:

Several ways can be proposed to
overcome the challenges and promote
the engagement of the private sector for
climate investments in climate change
adaptation:

Training and awareness raising for

private organizations and
communities: Raising awareness and
spreading knowledge on effects of
climate change and building resilience
across private sector organizations and
communities to sensitize them towards
climate actions.

Development of localized climate risk

and vulnerability data system: Having
an accurate database makes it easier to
make investment decisions.

Setting up effective institutional

arrangements for multi-sector
adaptation planning: Better articulation
of adaptation and resilience goals at the
national level, establishing the policies/
regulations/standards, and articulating
clear plans.
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A Promote incentives mechanisms:
Strengthening financial incentives
(or reducing risks/costs) for private
participation through low-cost finance
instruments such as loans with low
interest rates, concessional loans, credit
enhancement, and other targeted risk
reduction or revenue-boosting measures.

A Consider rapid scaling of adaptation
interventions for Green Awarding

program which is already being

implemented in Sri Lanka.

Several key private sector players can
be identified to promote investments
for climate adaptation. The Chamber of
Commerce can mobilize/organize the
private sector players who belong to
the Chamber of Commerce. Financial
Institutions (Banking and Non-Banking
and Microfinance) can provide the
support for low cost investments and

easy access to financial tools. The
business analyst groups can identify the
vulnerabilities in an easily understood
way to the business community or
private sector. The insurance sector

can attract the business community

for risk finance. The accredited entities
can prepare project proposals to obtain
international climate finance.

Conclusion

A robust involvement of the private
sector in managing climate risks in
developing countries, including Sri
Lanka, will reduce vulnerability, as

well as provide a systematic long-term
sustainability to private investments. A
stronger public-private partnership will
also be important to enhance climate
resilience and at the same time create
business opportunities.

Opportunity2030
The Standard Chartered
SDG Investment Map
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Extended Producer Responsibility (EPR) to ensure

sustainable management

of

Plastic Waste

e Plastic pollution is a key
environmental hazard in
the marine environment

e Producers need to take
up responsibility for their
products while consumers
should take responsibility

for methodical disposal

of waste

e Extended Producer
Responsibility (EPR) is a
policy mechanism through
which producers are given
the responsibility (either
financial and/or physical)
for the treatment or
disposal of post-consumer
products

e Sri Lanka is currently
preparing a Roadmap for
EPR to ensure sustainable

management of plastic

waste

e This article highlights the
importance and need for
EPR in Sri Lanka

Manjula de Silva
Former CEO, Ceylon Chamber of Commerce
manjulal9651@gmail.com

Recycling giant
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MANAGEMENT

ach year, over 640,000 metric
E tonnes of plastic leak into the Indian
Ocean from Sri Lanka (Clean Cities,
Blue Ocean, June 2020). The Western
Province alone generates around 7500
metric tons of solid waste every day,
out of which only 3500 metric tons
are collected (Central Environmental

Authority, 2018). Of this, close to 15%
becomes compost, 10% is recycled and
75% is disposed of into open dumps.
While plastics have made essential
products more accessible, the impact on
the environment needs to be addressed.

As consumerism evolves, the earth
continues to suffer. For over half a
century, consumers have been placed
at the forefront to bear the brunt of the
burden they have placed on the Earth.
But, are only consumers to be blamed?
Consumers are a key stakeholder in
the waste management process but
they share this responsibility alongside
legislators, civil society, importers of

54

| NeelaHaritha 2023



Manjula de Silva

plastic and producers who use plastic
in their manufacturing and packaging
processes.

Today’s consumers are even more
aware of what they consume and hold
these products, services and brands
to renewed standards of transparency
and accountability. Due to this, the
conversation on sustainability among
brands has shifted from a mere
marketing gimmick to a legitimate
requirement that is demanded by the

next generation of consumers the world

over.

The 3Rs of responsible waste
management - Reduce, Reuse, Recycle
- will remain the holy mantra across the
spectrum of sustainability. However,
as producers take up accountability,
important questions need to be raised.
Are organizations able to switch to
alternatives to plastic? and meet their
current demands? How will this affect
the product design and its safety for

consumption? Elimination and reduction

will only take away from the end
consumers the ease of access to the

product. The end consumers in this case,

are civil society.

In a socio-economic study conducted
by the Ceylon Chamber of Commerce,
challenges such as the contamination
of recyclables due to unseparated
plastic waste rendering the cleaning
process expensive to recyclers, lack of
information on plastic volumes due to
unregistered plastic producers, lack of
communication between government
regulators and industry and shortage of
funding and weak implementation due
to lack of penalties for non- compliance
were revealed (USAID,2021).

How do we Address the
Issue of Plastic Waste?

This is where Extended Producer
Responsibility (EPR) comes into

play. According to the Organization

for Economic Co-operation and
Development, Extended Producer
Responsibility is a policy mechanism
through which producers are given the
responsibility (either financial and/or

Ocean Pollution
© Pacific Whale Foundation

physical) for the treatment or disposal of
post-consumer products. EPR is a critical
tool in driving linear economies into a
circular economy, as they supplement
an extended product cycle even after
the product’s initial use. Assigning

such responsibility could, in principle,
provide incentives to prevent waste at
the source, promote environmentally
friendly product design and support the
achievement of the national recycling
goals.

EPR is a systematic approach to
ensuring commitment to the waste

hierarchy of the 3Rs by facilitating
producers to remain responsible in
the treatment and disposal of post-
consumer products. This, at present,
is @ more sustainable tool over bans as
most products are created for utility and
cannot be removed from the market
overnight. For recyclable items such
as Polyethylene Terephthalate (PET)
and High Impact Polystyrene (HIPS)
plastic, better alternatives need to be
sought which encourage recovery and
recyclability.
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Specific Strategies
Highlighted in the
Proposed EPR Roadmap

* Mandatory national packaging,
recycling and recovery targets to be

set for all industrial and commercial

producers of consumer packaging waste

e Post-consumer packaging waste to be

collected, sorted and recycled
according to established national
targets

e Companies must publish their annual
production of plastic and how much

was recovered for recycling purposes

using the reporting formats mandated

e Companies must finance the

infrastructure necessary to collect
back the equivalent of the packaging
they placed in the market within an
agreed time period and must support
consumer education campaigns on the
prevention of littering or on the proper
sorting of discarded packaging

¢ Data deficiency on plastic use by
industries is evident in the country

and it is recommended that the

GoSL impose mandatory reporting

regulations alongside a monitoring and

tracking system

e Each household shall use four bins

or separation units for organic,
paper, plastic and glass and metal or a
minimum of two bins for recyclable and
non-recyclable waste

e Each local government body must
be made accountable for efficient
Solid Waste Management by setting
targets for plastic waste collection
and must establish systems to impose
penalties for not meeting targets and
incentives for good performance

¢ Fines and penalties will be put in

place. Penalties would be placed
on producers if they do not meet
their agreed annual recycling target,
households if they do not segregate
their waste and the public for littering,
open dumping or open burning

(USAID, 2021)

The Way Forward

The Ceylon Chamber of Commerce
together with the support of USAID

and the endorsement of the Ministry of
Environment and involvement of Central
Environmental Authority and other key
government agencies has been working
together with key stakeholders from
public sector participants to recyclers
and collectors, manufacturers, brand
owners, importers and environmental
lobbyists to address the issue of post-
consumer plastic recycling. In the
Chamber’s work towards developing
feasible solutions for sustainable plastic
waste management, an EPR roadmap has
been formulated with the collective input
and partnership of all key stakeholders.

Further to the above strategies, the
Chamber, with the financial assistance
of USAID’s Clean Cities, Blue Ocean
(CCBO) Program and collaboration of
the Ministry of Environment, Central
Environmental Authority and other
relevant Government Agencies,
has also initiated a pilot project to
implement EPR system for PET and HIPS
through a Private-Public-Partnership
(PPP) approach. Plastic packaging
manufacturers, producers and brand
owners have pledged their commitment
to collect-back a substantial percentage
of plastic packaging released into the
environment. The voluntary EPR model
which will soon be implemented in Sri
Lanka, will be the first of its kind. With

plasticoycle

A John Keells Group Initiative
L

the ‘Mandatory Reporting and Collect-
Back System’, brand owners, importers
and manufacturers will have to report
their annual sales volume of primary
packaging used. Each brand owner/
producer will be assigned collect-back
targets based on annual usage of
plastic packaging in accordance with
the country’s set target for collection,
and this will progressively increase over
the years. The Chamber has reiterated
the need for incentives and reward
mechanisms set in place to further
reinforce and encourage organizations
committed to sustainable management
of plastic waste. The Chamber will also
ensure that brand owners maintain
transparent records of their collection
and recycling data.

The Initial EPR system will be rolled
out for recyclable materials like PET
and HIPS, which are materials used in
the packaging of commonly found food
like beverage and yoghurt products.
Both products are recyclable. Primary
packaging such as PET that exists in the
market already, is a safer alternative
to single use plastics. While PET is a
part of the larger plastic family, it is
recyclable and can be recycled many
times over before it is no longer suitable
for consumption. The product does not
contain high density polythene (HDPE)
and is bisphenol-A (BPA) free and has
made significant improvements over
the past 30 years, as producers are now
using a lighter version of the product
than they did three decades ago.
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Conclusion

Everyone stands to benefit from collectively playing a
collaborative role in managing our waste problem. EPR

is only a single, but an extremely crucial, extension of a
larger solution that holds the ecosystem of stakeholders
accountable from the time the product is designed to the
time the consumer disposes of it, and until it reaches back
to the recycling and production process.

In Sri Lanka, we are fortunate to have a large number of
plastic waste collectors ranging from informal to institutional
collectors working across the island, providing material to
recyclers. More often than not, these recyclers run under
capacity. A steady provision of the required feedstock will
enable them to function at full capacity, and empower
them to further enhance their contribution to the national
economy. Therefore, it is imperative to consider what more
could be done with the existing products in the market.

To this end, EPR will play a role in ensuring better waste
management at large, while subsequently minimizing the
ecological footprint created if producers had to switch to an
alternate single use material.

Under the EPR, the Mandatory Reporting and Collect
Back (MRCB) model was launched in June 2022. This
model requires plastic users to declare their annual usage
and collect back an agreed percentage. It is at first to be
implemented for PET and HIPS packaging on a voluntary
basis.

The new bans on the plastic packaging and waste
generation may come as a rude awakening, as these bans
will only take away quality of life from the end consumer.
Enforcing an industry level EPR program will be a more
rational alternative to banning the use of the recyclable
plastic material altogether. That is why all stakeholders
should remain accountable and responsible reaffirming the
role that we play as individual consumers, manufacturers,
collectors, recyclers and policy makers in this larger waste
management issue. After all, the circle will never truly be
complete until all of us are bound together to do our part.
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We are going through a plastic
crisis.

+ Globally, 8 million metric tons of
plastic waste enter the oceans every
year.

+ Nearly 700 species are threatened by
marine debris.

* By 2050, there is expected to be more
plastic in the ocean than fish.

Consumers have been placed at the forefront to bear
the brunt of the burden they have placed on the Earth.

But, are consumers only to blame?

Extended Producer Responsibility is where
producers are given significant responsibility for the

sustainable disposal of post-consumer plastic waste

based on circular economic principles.

What has EPR done for South Africa?

Their work collecting waste and
keeping it out of landfills is estimated
to save approximately

35 million euros a year.

98,649 tonnes

of PET post-consumer bottles were
recycled in 2018, equating to 63% of
the total quantity of the South African
market.

®_ 9 _ 8 8 |tisestimated that informal collection
‘ﬂ' of PET bottles provides livelihoods for
over

60,000 people.

Source - PREVINT Weate Asrce

What can Sri Lanka do?
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* Disaster impacts on business
infrastructure as well as on market
chains are significantly increasing. Sri
Lanka is highly vulnerable to climate
change, hence climate change-induced
disasters are becoming more frequent.
Lapses in preparedness have made
businesses, especially small and
medium enterprises (SMEs), incapable
to bounce back following disasters.

* Sri Lanka’s small and medium
enterprises have chronic problems with
legal and financing matters. Hence,
when they face natural disasters
the business recovery after facing
repercussions of disaster becomes
extremely difficult.

* With less capital and technology, the
small businesses are least able to adapt
to climate change-induced disasters,
hence their business continuity is
threatened with the least resilience.

* This article explores the impacts
of climate change-induced disasters
on small and medium enterprises
and proposes engagement strategies
through reviewing the literature
on disaster impact on SMEs, risk
avoidance, and business continuity.

* The findings reveal that a majority of
SMEs are unprepared for
disaster risks.

Keywords:

CLIMATE-INDUCED DISASTER RISKS,
SMALL AND MEDIUM ENTERPRISES,
RISK INFORMATION, RISK TRANSFER AND
BUSINESS CONTINUITY

Introduction

Medium Enterprises (SMEs). As per their labour and

business turnover, the majority of small enterprises can
be further categorized as micro-enterprises. In fact, 92% of
Sri Lanka’s business establishments are micro-enterprises (De
Silva, 2020). Hence, the SME sector’s resilience to climate
change-induced disasters is directly proportional to the local
economic development. The escalation of natural calamities
induced by climate change has caused serious setbacks on
local businesses and market chains as local businesses were
considerably damaged due to disasters consecutively during
the past years (UNDP, 2017; UNDP, 2016).

This article reviews the adaptation options available for
SMEs in Sri Lanka to enhance resilience against climate
change. The research methodology was a field survey
conducted in Badulla, Monaragala, Matale, and Nuwara Eliya
Districts involving 84 SMEs including 77 industries and 7
services (Janathakshan, 2020).

S ri Lanka’s economic drive is dominated by Small and

The SMEs (including the micro-enterprises) is a vehicle
to achieve sustainable, equitable, and inclusive growth,
triggering income distribution at the lower percentiles of the
economy with a variety of businesses (Wijesundara, 1996).
The SME sector acts as a breeding ground for entrepreneurs
to strive towards becoming large corporates. SMEs are
generally labor-intensive and thus, can move ahead with
relatively less capital. However, many factors, barriers,
and constraints influence the performance of SMEs and
their development (Asian Development Bank, 2018). In Sri
Lanka, the SMEs contribute for 75% of the total number of
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enterprises, provide 45% of the employment (with nearly

2.3 million employed), mainly in the service sector. SMEs
contribute to 52% of the Gross Domestic Production (GDP)
(Ministry of Industry, 2015). SMEs’ contribution of GDP in Sri
Lanka is one of the highest among Asian Countries, surpassing
India, Malaysia, and Singapore (Daily FT, 2018). The country
has more than 750,000 SMEs, each employing 3 to 5 persons
on average. An estimated 52 % of GDP comes from registered
as well as unregistered enterprises in this sector (Department
of Census and Statistics, 2015). Hence, undoubtedly there are
a large number of persons and families engaged with Micro,
Small and Medium Enterprises (MSMEs).

Meanwhile, Sri Lanka’s SME sector has some chronic
problems. When it comes to doing business, starting the
business, getting a location, access to finances, doing day-
to-day operations and securing business environments
are some of the problems. Sri Lanka, with the world rank
100 for business easiness, has been overtaken by some
fast-developing Asian economies such as Nepal, India and
Indonesia (World Bank, 2019). Therefore, disaster risks,
especially when escalated with the influence of climate
change, add another burden to the SME sector which
is already suffering from the above issues. Among the 9
prioritized sectors in the National Adaptation Plan for Climate
Change 2016-2025 (NAP), 6 sectors dominate and is directly
linked with SMEs (Ministry of Environment, 2015).

Entrepreneurship and climate change

The greater frequency and intensity of extreme weather
and chronic climate impacts impose real costs on small
businesses. Extreme weather causes asset damage, upsets
business operations and disrupts market chains (Federal
Reserve Bank of San Francisco, 2018). Business sectors
more closely tied to natural resources, such as agriculture
or tourism, are particularly vulnerable to climate change
repercussions, especially when they are inadequate with
financial or preparedness plans to recover (Green Journal,
2020). Data from global statistics show that climate-related
disasters are accelerating across the world (WMO, 2021).
Applying appropriate changes according to the business
environment is a part of business strategizing.

Unlike large businesses, many small businesses are less
capable of adapting to examine the climate risks they face
and increasingly experience difficulties (Deloitte, 2021). With
the majority of Sri Lanka’s SMEs being micro-businesses that
have an annual turnover of less than 5 million, it is unlikely
that SME’s have investments for risk reduction. SMEs may
not have plans in place to respond and recover from weather
events, which makes them particularly vulnerable. A study
on business insurance (Janathakshan, 2020) revealed that
despite the majority of SMEs having faced natural disaster
impacts especially those climate-induced disasters like floods,
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droughts, and strong winds, the number of SMEs with risk
coping plans was negligible. Their post-disaster business
recovery methods were pawning assets, borrowing funds
from individuals, sometimes borrowing from informal money
lenders at high interest rates, or restarting from zero. Such
hindrances have caused personal mishaps as well as local
economic development setbacks.

The SMEs related to agriculture, animal husbandry, and
food and beverages were the most impacted by natural
disasters. Among non-agricultural SMEs, it was found that
drought-led power cuts were hampering the cold productions
(such as yogurt and jelly), and unpredicted dry winds were
destroying flower nurseries. The SME Policy framework
(Ministry of Industry, 2015) is advocating the nurturing of
green growth while focusing on comprehensive interventions
such as enabling environments, technological support,
and providing access to finance. However, as per the NAP,
such SME policy aims would be significantly affected by the
adverse conditions of climate change.

Climate Risk Information for SMEs

The availability of appropriate information is the key

to business resilience against all types of hazards. A

study conducted in the Central and Uva Provinces in Sri
Lanka (Crysalis, 2020) identified that most of the SMEs
were sensitive to ‘some’ climate changes within their
communities, based on their subjective experience.
However, the responders have least access to scientific or
official information disseminated from technical agencies
like the Disaster Management Center (DMC), except for the
information given out by public media.

There are several climate and disaster risk information
management agencies in Sri Lanka, based on the specific
hazard type (DMC, 2019). The DMC is the state organization
to coordinate and share all such information from agencies
like the Meteorological Department, the National Building
Research Organization and the Department of Irrigation.
Moreover, it was identified that the SMEs would like to have
risk information beyond emergency-related hazard early
warning (e.g., quick evacuations to save lives), so that the
business community, especially the SMEs, have adequate
time to prepare themselves (e.g., make arrangements for
an impending drought), which was missing. Moreover, the
study identified a need for a mechanism that could provide
information about a long-term disaster such as diminishing
rainfall or changes in the rainy seasons. It was then identified
that such information can be produced from different
technical agencies like the Department of Agriculture, the
Agrarian Development, the Hector Kobbekaduwa Agrarian
Research and Training Institute, and the Meteorological
Department.

It was found that the agricultural sector SMEs, mainly the
small-scale farmer producers, preferred to have weather

predictions about three months from the cropping seasons
so that they could choose an appropriate cropping variety.
Some of the information is being shared by the Department
of Agriculture, but further accuracy and technical information
are expected. However, with everchanging global warming-
influenced weather systems, more advanced technologies
would be needed to have such long-term, but far more
accurate, predictions (Ghoniem, 2011). It was identified that,
for non-agricultural businesses, early warning two weeks

in advance would be helpful to make arrangements such

as storage and supplies, and to adjust production chains.
Another common interest identified from both agricultural
and non-agricultural sectors was to receive weather
information in understandable ‘language’. For instance, a
“wind speed of 50 km/hour” may not be sensible to the
common public. Again, “a rainfall of 100 mm in a location”
would be useless information unless the public is aware of
whether the access roads are going to be flooded or not.
Then the study found that, disaster risk information would
be far useful if it is categorized according to the types of
business and the types of hazards specifically affecting those
businesses. For example, in vegetable cultivation, both
producers and collectors should receive specific information
related to heavy rains, drought, strong winds, etc., and the
increase in ambient temperatures would be related to some
industries. The study identified that 52% of businesses were
affected to some degree by disasters during the past 5 years
and the small scale food industry was affected the most.
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Conclusion and Recommendations

The SME sector being the main economic driver in the
country, must be combined with the climate change
adaptation process so that losses and damages are
minimized. Again, such a step would advocate Sri Lanka’s
contributions to the Warsaw International Mechanism (WIM)
for Loss and Damage associated with climate change impacts.
Moreover, it would be necessary to revise the current SME
policy to become disaster and climate-sensitive. While
addressing some chronic issues related to SME administration
and infrastructure, escalating climate risks must be a matter
of concern. By making the SMEs linked to hazard information
and climate-induced disaster risk information, would make
the SMEs aware of disaster risk reduction and business
resilience. Providing support to do business risk assessments
leading to business continuity plans will be some vital steps
to adapt SMEs to climate-induced disaster risks. At the same
time, capacitating SMEs to search for information related

to climate risks would create a pull factor, especially if it is
perceived as their ‘right’ (to have climate & disaster risk
information).

Risk transfers in the SME sector

When it comes to risk avoidance, 7% of the sample SMEs had
property insurance including for natural disaster coverage.
Though the majority of entrepreneurs were aware of climate
change and that such change would increase disasters,
multiple factors were distancing them from the option

of insurance. The leading factor was the ignorance of the
concept of ‘insurance’. The entrepreneurs were expecting a
return on insurance investment through cash as accumulated
wealth. They were unaware of investing for climate-induced
disaster risk transferring (or the risk-bearing investment

was misunderstood). Moreover, the inability to understand
the complex nature of insurance policies, high premiums,
lack of customization and misconceptions about insurance
repayments were some reasons that disconnected SMEs and
insurance.

An example of a good effort for climate insurance for SMEs
was the scheme of Sanasa Development Bank in which an
Income Loss Insurance scheme was introduced to small and
medium enterprises to cover property damages caused by
disasters (Abeysinghe, 2014). For the agriculture sector SMEs
an Index Insurance for Agriculture was introduced in 2018
by the Agriculture and Agrarian Insurance Board. However,
sustaining such schemes would depend on the insurance
knowledge and the interest of the beneficiary (Nilwala and
Jayarathna, 2018). The study identified that the awareness
of benefits is key to increasing the number of SMEs using
insurance schemes; it was then identified that bringing down
the insurance premium was another concern. Bringing down
of insurance premia is one of the key factors of popularizing
insurance (Wray et.al., 2021).
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Planning for Business Continuity and exploring new
business opportunities

When considering the hazard profile of the country (DMC,
2015), the threats and opportunities that each business
encounter are different based on its geographical positioning
or the climatic zone (Biodiversity Secretariat, 2017). The
above study identified that there was a lack of information
for risk-sensitive business planning. However, if the risk
information is available in an understandable form the
business plans would have developed methods to encounter
shocks, which are commonly called the Business Continuity
Plans (BCPs). As per IBM (2020) BCPs are the strategies

that outline how a business will continue operating during
an unplanned service disruption. It is beyond a disaster
recovery plan and contains contingencies for business
processes, assets, human resources and business partners.
During the above study, it was evident that the SMEs were
comparatively more flexible to quickly adapt to climate-
induced disasters because they were with fewer protocols
and legal complexities. Therefore, if risk information is
adequately available, SMEs can adjust accordingly with

some external technical support for risk assessment, disaster
impact analysis and systematic planning (Castle, 2020). They
may further identify the potential hazards that may affect
business infrastructure, supply chain and movements, as well
as consumers. Simultaneously, the SMEs could map their
vulnerabilities and capacities based on their capitals, reserves,
networks and technical expertise. However, most micro and
small businesses would need technical support in this regard.
Therefore, it is vital to develop the capacities of DMC, the
National Entrepreneur Development Authority (NEDA) and
similar agencies to support SMEs in BCPs.
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* Local government
authorities are the
fundamental unit in Climate
Emergency Response

* seven key areas that local
government contribute to
climate emergency action are
energy, transport, education
and advocacy, procurement
and waste, industry and built
environment, agriculture and
open space, transparency and
accountability.

* Local government
authorities in Sri Lanka
face significant challenges
while responding to climate
emergencies, such as lack of
budgetary allocations, lack of
an effective climate emergency
response plan, lack of capacity
building programs etc.
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Necessity of Climate
Emergency Response for
Sri Lanka

ccording to the Climate Change
‘ \ 2014 Synthesis Report (AR5),

Climate Change (CC) refers to “a
change in the state of the climate that
can be identified by changes in the mean
and/or the variability of its properties
and that persists for an extended period,
typically decades or longer”. Climate
change has had frequent widespread
impacts on human and natural systems.
Therefore, it is well evident that climate
change is one of the most urgent
problems which may threaten all forms
of life on earth. The exponential growth
of the human population and level of
economic development are some of the
major reasons behind this threat. This is
revealed by the clear human influence
on the climate system and recent
anthropogenic emissions of greenhouse
gases, which at present are the highest in
history. As a result, many environmental
and socio-economic problems are
increasing day by day in both the
developed and developing countries
around the world. The examples are,
warming atmosphere and oceans,
diminishing snows and ice caps, rising
sea level, reducing economic growth
and increased health issues (respiratory
ilinesses, cardiovascular diseases etc.), to
name a few (IPCC, 2014.).

As an island nation exposed to tropical
climate patterns a developing country
like Sri Lanka is highly vulnerable to the
effects of climate change. It is identified
that climate change is a multidimensional
phenomenon which not only impacts
the environment but also affects the
economy and society. With Sri Lanka
in the 6™ place among most affected
countries by extreme weather events in
the Global Climate Risk Index in 2018,
the implications of such hazards are
now evident (Eckstein, D et al., 2020).
The Disaster Management Centre of Sri
Lanka estimated that nearly 3,386,466
people from 20 districts were affected
and 509 people died due to landslides,
heavy rains, lightning and strong winds in

2017 (Disaster Management Centre of Sri
Lanka, 2017). Further, the average annual
temperature in the country is expected
to continue to rise by 1.08°C in 2030, and
to possibly increase by 1.12°C in 2050

as evidenced in the rise in such hazards
(USAID, 2015).

The climate change impacts are
directly felt at the local level. For
instance, more than one-third of Sri
Lanka’s population live in coastal regions
that are highly vulnerable to potential
sea level rise. Further, annual economic
losses due to prolonged droughts are
also common. Disaster Management
Centre reported over 2,440,290 drought
affected people across 11 districts in
year 2017 (Disaster Management Centre
of Sri Lanka, 2017). If these hazards
occur continuously, the environmental,
economic and social impacts will
directly affect both local and national
levels. Therefore, the attention of local
authorities is necessary to address
climate change impacts in Sri Lanka.

Climate Emergency
Response and Key
Processes in Effective
Climate Emergency
Response

According to ‘Oxford Dictionaries’ a
Climate Emergency can be defined as a
situation where urgent action is needed
to reduce or halt climate change and
prevent potentially irreversible damage
to the environment resulting from it
(Naaman Zhou, 2019). Even though
urgent action is needed, we cannot
tackle the impacts like global warming
overnight, or even over the next
several decades. However, action can
be taken to slow the rate and limit the
amount of global warming by reducing
anthropogenic emissions of heat-
trapping gases and other compounds.
Therefore, it is obvious that some
changes are required to make systems
effective to face climate emergencies.
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This study found that there are
five key processes for effective
climate emergency response for Local
Government Authorities. They are:

I. Process one: Take leadership to
declare a climate emergency

In this process, the local authorities are
recognizing the catastrophic changes to
the global climate resulting from human
activities by declaring or acknowledging
the climate emergency. Further, the
council should also be committed

to combat climate change by taking
immediate actions to the extent and at a
rate that will secure a safe climate.

Il. Process two: Get house in order
to embed climate emergency
action in all council strategies,
plans and actions

After declaring a climate emergency,
the council should develop a Climate
Emergency Plan (CEP). The CEP should
outline any action the council will take
to embed a climate emergency response
into its operations. Actions should
include, but not be limited to, switching
to renewable energy, phasing out non-
renewable energy sources like fossil
fuels, implementing energy efficiency,
moving linear economy to circular

economy, educating and empowering the

community to take actions, increasing
community resilience to the impacts of
climate change, etc.

Il.Process three: Mobilize and build

the climate emergency mandate
to get the community active

Climate change is a global challenge and
cannot be tackled by one nation alone.
Therefore, instead of the blame game,
everyone has a responsibility to take
actions on climate change locally. In
this process, the council should support
communities to take individual actions
such as switching to renewable energy,
public transportation etc. This can be
done especially through awareness and
capacity building programs.

IV. Process four: Global movement
building to reach out to other
councils

A ‘Climate Emergency Declaration’ is

an action taken by governments and
scientists to declare that humanity

is in a climate emergency. The initial
declaration was made in December
2016 in Darebin, Australia.Since then,
over 1,800 local governments in 33
countries have made climate emergency
declarations. The declarations can be
made at different levels. For example,
climate emergencies can be declared

at local, national and international

level (City of Darebin and What, 2018).
Therefore, it is important to reach out to
peers locally, nationally, and globally. This
will be an effective way of building the
global movement for climate emergency
action.

V. Process five: Advocate to national
and sub-national government

Councils cannot do the work to respond
to climate emergencies on their own.
Sub-national, National and Global levels
must work together to make a powerful
impact on the climate emergency (City of
Darebin and What, 2018).

The supplies were delivered to
families most in need following -
the flooding © SPRINT . i »_ c

5

The Role of Local
Government in Response
to Climate Emergency

It was identified that the local
government authorities are the
fundamental unit and the best place

to start the government commitment
in climate emergency response (City of
Darebin and What, 2018). Therefore,
the local government plays a critical
role during a climate emergency. They
can communicate the current and
future impacts of climate emergencies,
demonstrate climate adaptation

and mitigation strategies, pilot and
promote new technologies, work

with local communities to reduce
greenhouse gas emission etc. Energy,
transport, education and advocacy,
procurement and waste, industry and
built environment, agriculture and
open space, and transparency and
accountability are the seven areas
where local government can effectively
contribute to climate emergency action.
Suggestions and activities introduced
under these seven areas should match
with the level of urgency and ambitions
of the climate emergency declarations.
Moreover, they should lie within the
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power of local government, should be
specific and measurable, and include
time frames (Martin, 2020).

First step of the climate emergency
response is that the local government
should recognize the importance of
climate emergency response, and they
should acknowledge the need for all
levels of government to act. As the
transition is not fast enough, the local
government should call for rapid action
within the time frame. At first, when
developing and implementing actions,
local government should obtain deep
community engagement. Second and
foremost important action is to develop a
climate emergency plan. Under this step,
local government should set targets to
reduce the emission within a time frame.
Third step is ensuring that the council
prioritizes the CEP in its strategic plan.
Building the capacity of local government
staff around CEP is the fourth step. The
fifth and last step is to communicate
the climate emergency approach to the
community and obtain their support
to implement CEP (City of Darebin and
What, 2018).

Local Governments cannot solely
maintain sustainable, effective and
practical CEP. They cannot reverse global
warming by themselves, but they can
take steps to initiate to mitigate the
impacts. Therefore, the most important
action of the local government is to
advocate the national government on
emergency actions. National government
policy, legislation and financial aid
have the biggest impact on the climate
emergency (Spratt, 2019).

Key Challenges for Local
Government Climate
Emergency Response

Significant challenges faced by the
local government when responding to
climate emergency include, politicians
inadequately informed about climate
emergency; lack of scale and efficiency
in local government authorities

when adapting to climate emergency
response; inadequate funding facilities
to incorporate and implement climate

emergency response plan, difficulty to
allocate time; knowledge, and resources
for the response plan; and lack of
expertise within the local government
authorities to implement the response
plan (City of Darebin and What, 2018).

To overcome these challenges, it is
essential to have existing policy changes
and introduce governmental actions
at national level. Further, an effective
climate emergency response should
be developed by experts in the field
of climate change. According to the
climate emergency, budget and resource
prioritization is another mandatory
requirement to deliver the essential
services and to maintain the community
support. Furthermore, operations
and actions of the council should be
transparent to the public for ensuring
accountability, since it will figure the
roles, responsibilities, strategies and
goals of the CEP. In addition, educating
the community is vital to creating
public awareness of local issues and
to gain public support. Therefore,
awareness programs, workshops,
forums, and discussions are required
to build awareness regarding the
need of CEP. Community mobilization
is also important in getting the local
community into track. Moreover, local
governments should work with other
levels of government to support CEP
and partnerwith relevant authorities to
obtain financial aid (City of Darebin and
What, 2018; Martin, 2020; Spratt, 2019).

Sri Lankarushes aid to
—
flood victims © DW

Conclusion

In conclusion, climate change is a global
challenge, and it requires multi-sectoral
actions. Local, national, and global level
responses can be taken to respond to
climate change impacts, in which local
governments can play a vital role. Five
key processes for effective climate
emergency response was identified

at the local government level. These
processes are: taking leadership to
declare a climate emergency, getting
the house in order to embed climate
emergency action in all councils into
strategies, plans and actions, mobilizing
and building the climate emergency
mandate to get the community active,
building a global movement to reach out
other councils and advocating to Sub-
national and National government. As

a developing nation, Sri Lanka will face
some barriers when adopting Climate
Emergency Response mechanisms,
such as financial and institutional
issues, lack of an effective climate
emergency response plan, lack of
capacity building for the community
and so forth. However, these challenges
can be overcome through changing

and introducing governmental rules
and regulations, educating and creating
awareness, providing funds etc.
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e |t is very important to understand
soil-climate interactions through
which changes in soil properties
and processes will lead to reduce

greenhouse gas emissions

e Detrimental effects of excessive
use of agrochemicals on soil
micro organisms

e Importance of introducing
microbial inoculants to enhance
carbon sequestration in agro-
ecosystems to mitigate
climate change.
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limate change is a global crisis
Caf‘fecting living as well as non-

living ecosystems on Earth.
Anthropogenic emission of greenhouse
gases, such as carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,0), is the
most significant contributors to climate
change.

Due to the greenhouse effect
resulting in global warming and
melting of polar ice caps, alteration in
biogeochemical cycles, altered rainfall,
ocean acidification, eutrophication
of lakes, imbalance in the ecological
communities and extinction of some
species, effects on soil fertility, changes
in the metabolism at the molecular level
of microorganisms can occur.

Plants and microorganisms act as a
natural CO, filter. Several biomolecules,
such as carbohydrates, proteins
and lipids, are produced due to the
biological carbon fixation process using
photosynthesis. Diverse species of
plants and microbes, such as bacteria,
fungi, yeast and algae, are involved
in atmospheric CO, fixation through
photosynthetic pathways and some non-
photosynthetic pathways.

Due to rapid growth of global
population, in order to increase yield of

crops, farmers tend to apply inorganic
fertilizers and pesticides in large
guantities, predominantly in developing
countries. This puts not only human
wellbeing at risk, but also environment
health as well as the global climate.

Long-term excessive applications
of chemical fertilizers in agriculture
may result in adverse impacts on soil
functions and may lead to increased
nitrous oxide emissions. Nitrous
oxide can contribute significantly to
atmospheric warming because this
greenhouse gas absorbs 300 times more
radiation than carbon dioxide. It is also
the most important stratospheric-ozone-
depleting chemical emitted by human
activities (Grace and Barton, 2014).
Therefore, scientists are trying to identify
strategies to reduce nitrous oxide
emissions from agricultural soil.

There are a number of approaches,
which can be used on a sustainable
basis, to meet food requirements
without compromising environmental
health. Among these, use of microbial
products is pivotal to ensuring food
security in a changing climate (Timmusk
et al., 2017). Microbial approaches can
successfully be used for sustainable
agricultural development. These
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microbes can enhance plant growth by
improving nutrient availability to crop
plants through various mechanisms thus
decreasing the dependence on chemical
applications.

This article provides an overview of
some literature on microbial inoculation
as a way to either replace or reduce the
use of agrochemicals and reduce impacts
of climate change while increasing crop
yield.

Soil Contributions to
Mitigate Climate Change
Impacts

The goal of the Paris Agreement is
limiting global warming to less than 2°

C above pre-industrial levels to avoid

the adverse effects of climate change.
According to the Intergovernmental
Panel on Climate Change (UNEP,2022),
achieving this will likely involve removing

Soil cpﬂse'_l_'\iatfoh 7=
©:Department of ka

huge quantities of carbon dioxide from
the atmosphere.

Capturing and storing the carbon
emissions from biofuel-burning power
plants, or planting new forests to absorb
carbon, would require large areas of
land, water and energy. But soil carbon
sequestration is a process in which CO,
is removed from the atmosphere and
stored in the soil carbon pool. Currently,
soils remove about 25 percent of the
world’s fossil fuel emissions each year.

Fertile soils produce more food,
promote biodiversity, hold moisture
better, and are less susceptible to
erosion, floods, nutrient loss, and
desertification. Microbes in the soil
enable plants to grow deeper root
systems that allow them to tolerate
drought better, and be more resistant to
pests. Enhanced carbon in soils improves
soil and water quality increasing
resilience to the impacts of climate
change (Malhi et al., 2021).

Soil Climate Interaction

Soil is a key link in several global nutrient
cycles. The carbon and nitrogen cycles
are the most important contributors to
soils and climate change interactions
because carbon and nitrogen are
important components of soil organic
matter and because carbon dioxide
(CO,), methane (CH,), and nitrous oxide
(N,O) are the most important long-living
greenhouse gases.

The balance between carbon added
to the soil and carbon emitted from the
soil determines whether the overall
carbon levels in a given soil increase or
decrease. When carbon levels in a soil
increase, that carbon is taken from the
atmosphere, decreasing atmospheric
levels, and when carbon levels in a soil
decrease, that carbon is added to the
atmosphere, increasing atmospheric
levels.

Increased soil temperatures can
result from warming of the ground once
the forest canopy has been removed.
Therefore, while soil carbon loss has
contributed to increased CO, levels in
the atmosphere, it also provides an
opportunity to store some of this carbon
in soil through reforestation
(Malhi et al., 2021).

Soil Carbon Sequestration

Soil carbon sequestration is a process

in which CO, is removed from the
atmosphere and stored in the soil carbon
pool. This process is primarily mediated
by plants through photosynthesis, with
carbon stored in the form of Soil Organic
Carbon (SOC). In arid and semi-arid
climates, soil carbon sequestration can
also occur from the conversion of CO,
from air found in soil, into inorganic
forms such as secondary carbonates
(Lal, 2004).

Natural method to sequester carbon
involves plants and microorganisms,
including bacteria, algae, fungi and yeast
through two pathways. They are the
photosynthetic and non-photosynthetic
pathways Figure 1. Autotrophic and
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Plant Carbon

Carbon from planis gels ;
transferred 1o the soil via
roots & decomposition.

Soil Carbon

Soil Organisms

Soil organisms are constantly processing the raw
animals & plant carbon and releasing bensficial nitrients
& pure carbon into the soll (the Carbon Bank).

o

1- Plant

Nutrients

8 == co,

heterotrophic organisms incorporate
CO, into various organic carbon products
such as cellulose, lignocellulose, chitin,
hemicellulose, lignin etc (Lal, 2004).

Soil Microorganisms and
their Contribution in
Carbon Sequestration

The rhizosphere, which is the

region of soil surrounding the roots,
has the greatest concentration of
microorganisms. This type of microbial
communities depend on the root
exudate. Manipulating the rhizosphere
can change microbial diversity and
could improve plant performance by
influencing water dynamics and enzyme
activities. A wide range of microscopic
organisms inhabits the rhizosphere:
bacteria, algae, fungi, protozoa and
actinomycetes. Of these, bacteria is the
most abundant and important group of

COy Captured by plants
{Photosynthesis)

CO: Released by plants
{Respiration)

CO: Released by animals
(Respiration)

) Carbon Bank

‘ Saoil acts much like a bank storing
carbon and filling its vault as carbon
deposits are made from planis & animals.

Figure 1: Plants absorb carbon dioxide from the
atmosphere and convert it into many different compounds,

' some of which are harvested. © Australian Soil.com

microorganisms regarding plant growth
and productivity (Bardgett et al., 2008).
They either live freely in rhizosphere, or
in inter and intracellular spaces of root
tissues, forming symbiotic associations
with plants (Nadeem et al., 2014).

Soil microorganisms have the ability
to affect the organic matter quantity
and quality, which can affect soil ecology
and properties. By regulating different
pathways, fungi and bacteria contribute
differently in soil carbon sequestration
such as possessing metabolic activities
that can capture CO,, the ability to
sediment carbonates, the recalcitrant
nature of their vegetative and products
tissues, or the formation of stable forms
such as soil aggregates that protect
carbon in soil.

In a symbiotic relationship, the
plant gains nutrients gathered from
the greater soil volume explored by
mycorrhizal hyphae, and the fungi
obtains photosynthate carbon directly

from the plant. Thus, the primary
contribution of mycorrhizal fungi to
carbon sequestration is as an additional
source of carbon input to soil organic
matter. This occurs, indirectly, through
the generally positive effect of the
mycorrhizal symbiosis on plant growth,
particularly in low phosphorus soils.

Fungi facilitate carbon sequestration
in soil by forming organic humus
and maintaining the carbon balance,
thereby largely contributing to carbon
capture and storage in the terrestrial
ecosystem when compared to bacteria.
There are three methods involved
in soil carbon storage: incorporating
recalcitrant biomass and their secondary
products, producing soil aggregates
and incorporating atmospheric CO, into
fungal biomass. The mycelium acts as
a storage site for the carbon. Thus, a
large amount of biomass is produced by
efficiently incorporating CO, at a higher
percentage (Bardgett et al., 2008).
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Effects of Fungal Mycelia,
Proteobacteria and Algae
on Carbon Sequestration

Fungi contribute to carbon accumulation
and losses in soil through fungal biomass
and by-products production as well as
fungal necromass degradation. Carbon
accumulation by fungi in soil varies
depending on fungal species and fungal
biomass content. Fungal mycelium is
one of the vegetative tissues which

grow and spread into soils in order to
provide the fungi with the required
water and nutrients. The production

of extrametrical mycelium could reach
hundreds of kilograms per ha per

year. Since fungal mycelium is built up
by carbon, the more fungal mycelia
produced, the more carbon is captured
in the soil. Therefore, fungal mycelia
could be considered as a vital carbon sink
to the soils.

For thermal adaptation, fungal
hyphae (mycorrhizal fungi) and spores
secrete glomalin protein. The glomalin
is thick, sticky and acts as a recalcitrant
to resist decomposition. Glomalin
promotes carbon capture via two
processes: making the fungal hyphae
resist decomposition and endorsing soil
aggregation. Thus, the carbon is ceased
within the hyphae and soil aggregate for
a prolonged period. Glomalin is found to
be the principal substance responsible
for the formation of stable soil clumps
along with permeability to H,0 and air
(Ahmed et al., 2019). Its hydrophobic
nature protects the soil clump from
microbial degradation and erosion.
Hence, the organic carbon and nutrients
located within the clump remain
protected for more than 50 years. Thus,
glomalin acts as a carbon sequester in
the terrestrial carbon pool and promotes
soil quality. Fungal species present in
the following genera secretes glomalin
protein; they are Entrophospora,
Gigaspora, Acaulospora, Scutellospora,
Glomus, etc.

Proteobacteria are large phyla which
are capable of incorporating atmospheric
carbon dioxide via various biological
mechanisms such as the calvin cycle/

Lichens © University of4
Wiscopsin-Milwauke,e

reductive pentose phosphate cycle, TCA
cycle/Krebs cycle and also directly in the
cytoplasm.

Algae are the most efficient
photosynthetic biofactories that
incorporate CO, into biomass and energy.
They range from macro to micro in size.
Macroalgae produce high lipid content;
hence they are directly used in the
production of biodiesel (Ahmed et al.,
2019).

Soil Microorganisms that
Protect Plants, a Pioneer
in Mitigating Climate
Change

In the rhizosphere, plants continually
secrete synthesized food through their
roots, nourishing a diverse community
of soil rhizobacteria, which in turn can
strongly influence plant development
by performing vital functions for the
plant. They are allies of plants, governing
several fundamental processes related
to plant growth. One of the important
functions of Plant Growth Promoting
Rhizobacteria (PGPR) is phosphorus (P)
solubilization in the soil (Nadeem et
al., 2014). The dynamics of phosphorus
in soils are complex. Its availability for
plants is often totally dependent on
Phosphate Solubilizing Bacteria (PSB).
These are heterotrophic bacteria that
secrete organic acids, which solubilize
fixed forms of phosphorous and release
available forms into the soil solution
(He et al., 2002).

Endophytic bacteria
are the plant beneficial
bacteria that thrive
inside plants and can
improve plant growth
under normal and
challenging conditions.
They can benefit
host plants directly
by improving plant
nutrient uptake and
by modulating growth
and stress related
phytohormones.
Indirectly, endophytic
bacteria can improve
plant health by targeting
pests and pathogens
with antibiotics,
hydrolytic enzymes,
nutrient limitation,
and by priming plant

defenses.
(Afzal et al., 2019)

Heterotrophic bacteria have since
been reported to be associated with
almost every plant species. Their role in a
plant’s life is integral and their presence
is considered as vital for plant function as
nutrients, sunlight, and water.

Specific endophytes play an important

role in plant protection against soil
borne pathogens. Fungal pathogens

are the most lethal to plants, but

due to the antagonistic activity of
hydrolytic enzyme producing bacteria
their presence is rarely observed.
Therefore, the application of bacteria as
biopesticides could significantly reduce
the use of agrochemicals for sustainable
crop production. For example, in many
crops, like sugarcane, tomato, and
potato, inoculation by rhizobacterial
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strains resulted in complete prevention
of pathogenic development due to the
production of antibiotic substances,
resulting in Induced Systemic Resistance
in crop species. Bacteria are known to
produce hydrolytic enzymes and binding
proteins in plants that efficiently control
bollworms, mosquitoes, blackflies and
beetles. Endophytic bacteria have been
known to suppress competing weeds
through allelopathy effect (Afzal et al.,
2019).

Effect of Chemical
Fertilizers on Soil Biota

Modern agriculture is largely dependent
upon fertilizers of various types in

the form of nitrogenous, phosphate,

and potassium fertilizers. Continuous
utilization of chemical fertilizers is
responsible for the decline of Soil
Organic Matter (SOM) content coupled
with a decrease in the quality of
agricultural soil. The overuse of chemical
fertilizers hardens the soil, reduces soil
fertility, pollutes air, water, and soil, and
lessens important nutrients of soil and
minerals, thereby bringing hazards to the
environment.

Chemical fertilizer utilization has a
negative effect on soil microorganisms.
There is a huge possibility of changing
soil conditions such as pH of soil.
Formation of soil crust results in
decreasing organic matter load,
humus load and useful organisms.
Continuous use of chemical fertilizers
become responsible for the emission of
greenhouse gases.

Application of
bio-fertilizers

Biofertilizers are called bioinoculants
as they are the preparations containing
living or latent cells of microorganisms
that facilitate crop plants uptake of
nutrients by their interactions within
the rhizosphere which is applied
through seed or soil. It accelerates
bound microorganism processes within
the soil that augment the extent of

conveyance of nutrients assimilated by
plants. Use of biofertilizers has several
other advantages as well. They are cost
effective, eco-friendly and renewable
sources of plant nutrients that form
one of the important components of
integrated nutrient management.

The application of bio-fertilizers
that contain living microorganisms in
agricultural practices can help to increase
soil fertility in arable soils.

How Pesticides Harm
Soil Life

Herbicides, insecticides and fungicides:
all chemical compounds are pesticides,
designed to kill, each with their own
targets and mechanisms of action. Many
of the pesticides contain heavy metals.
As little as 0.1 percent of an applied
pesticide interacts with its targeted weed
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or pest. The remainder contaminates
the soil, air and water and can have
significant non target effects throughout
the ecosystem.

Toxicity issues can also be passed on
from soil to humans through the food
we consume. Elevated atmospheric CO,
concentrations may lead to increased
uptake of cadmium and arsenic in rice
(Balbinot et al., 2021).

Contribution of Chemical
Fertilizers and Pesticides
to Climate Change by
Affecting Soil Biological
Process

Enhanced microbial production in
expanding agricultural lands that are
altered with fertilizers and manure is
believed to be the primary driver behind
increased atmospheric N,O levels. As
nitrogen fertilizer applications increase,
denitrification and the generation of N,O
in the soil also increases. Emissions of
N,O are usually lower in organic farming
systems than in conventional systems
(FAO & UNEP, 2021).

The carbon and nitrogen cycles are
key parts of the global climate system,
and soils are an integral part of these
cycles. Agriculture contributes a
particularly large percentage of annual
anthropogenic CH, emissions to the
atmosphere. Agricultural management
decisions have a profound influence on
whether soils are net sources or sinks
of the greenhouse gasses Co,, CH,,
and N, O, indicating that management
systems have the potential to influence
climate change.

Pesticides in the soil impact the non-
target and useful microorganisms and
their activities. The effect of pesticides
on soil microorganisms and their activity
depends upon the types and quantities
of pesticides used and soil conditions
(FAO &UNEP, 2021).

Overuse of pesticides;

a) Alter biochemical processes
b) Inhibit nitrogen fixation
c) Damage soil ecology

The application of pesticides such
as glyphosphate affect the ecology of
mycorrhizal fungi; affect the life cycle
of earthworms; increase pathogenic

Healthy farming & Healthy soil to Combat Climate Change

microorganisms in soil, etc. Further,
the application of a mix of pesticides
are more harmful to the ecology and
environment.

Especially, pesticides are a threat to
the complex living community of the
soil, and mounting evidence shows
that overuse of pesticides is decimating
pollinators and other insects that are
central to a sustainable food system.
Honey bees, butterflies, wasps and
small birds are important in agriculture
to enhance yields, because they are
pollinators. Even soil-borne earthworms
are threatened due to the heavy use of
pesticides.

Researchers predict that over 40
percent of insect species may face
extinction in coming decades, leading
to widespread ecosystem collapse,
because of our indifference in this
regard. And the most comprehensive
scientific assessment to date warns that
loss of biodiversity is a global challenge
on par with climate change. Along with
the environmental costs of agricultural
pesticides, the human health costs are
“catastrophic” (IPBES, 2019).

Microbial Inoculants and
Carbon Sequestration

Microorganism-based inoculants that
enhance carbon sequestration, nutrient
uptake, promote crop growth, or
protect plants from pests and diseases
can replace agrochemicals in food
production.

Bacteria exist in large numbers in
soil compared to fungi. Some bacterial
strains have the ability to reduce CO, and
could contribute to carbon sequestration
and to mitigate atmospheric CO,
levels. Bacteria could contribute to
carbon sequestration through different
pathways and metabolic activities.
Pseudomonas fluorescens is a plant
growth-promoting bacterium that could
be a useful tool for carbon sequestration
and climate change mitigation. These
microbial inoculants increase plant
productivity as well as having potential
to mitigate high atmospheric CO,
levels by increasing terrestrial carbon
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sequestration, particularly in high-CO,
ecosystems. Carbonate induction by
some bacteria has the potential to
capture atmospheric CO, and sequester
carbon. Bacillus mucilaginosus produces
carbonic anhydrase that first captures
the atmospheric CO, and then fixes

the atmospheric CO, through bacterial
metabolism (Zhang et al. 2011). This
process induces carbonate formation to
form organic substances or carbonated
minerals by fixing CO, from the
atmosphere, which leads to decreased
CO, levels and increased carbon
sequestration in soils.

Fungi exist in a smaller population
than bacteria, but they dominate the
soil biomass, especially when soil is not
disturbed. Fungi contribute more than
bacteria to carbon sequestration, organic
matter formation and stabilization in soil
(Six et al. 2006).

Using microbial inoculants in
agricultural practices could help achieve
desirable characteristics in soil. Bio-
sequestration is the process that includes
the natural capture and storage of CO,
by photosynthetic organisms as well
as soil microbes. Microbial inoculants
could be used to increase the level of
carbon inputs and decrease the levels
of carbon outputs in the soils. Soil
microbial communities have important
roles in carbon sequestration and soil
carbon emission. Choosing the right
microorganism with right mechanism for
a specific land is very important in order
to increase carbon sequestration in soils.

Carbon dioxide bio-mitigation
could be enhanced through genetic
engineering by CO, capture or
transformation via carbonic anhydrase,
with biological fixation of the captured
CO, to participate in biomass generation.
Microorganisms could be genetically
engineered to overcome low efficiency
of CO, capture and fixation. Then, these
microbes could be further studied for
their ability to be used as microbial
inoculants for carbon sequestration in
agricultural lands.

For all these benefits, microbial
inoculant is the best solution to improve
the fertility of agricultural lands and

to address adverse soil conditions that
directly or indirectly affect crop yield and
quality.

Conclusion

Sequestering carbon in soils is a relatively
natural way of reducing carbon dioxide
from the atmosphere with fewer
impacts on land and water, less need

for energy, and lower costs. Better land
management and environmentally
friendly agricultural practices could
enhance the ability of soils to store
carbon and help combat global warming.
It is a beneficial strategy that could
mitigate climate change, enhance soil
quality and soil health, increase carbon
levels in soil, improve agricultural
production and enhance food security.

Microbial inoculation is one of
the major agricultural practices that
has been used to gain desirable
characteristics in the soil by improving
soil ecological conditions to enhance
crop production. This might be achieved
by introducing environmentally friendly
microbial formulations with carbon
sequestering ability in the soil.

Different types and species of soil
microorganisms could affect carbon
sequestration and storage differently
in soil. Some bacterial species have

been reported to contribute in carbon
sequestration and atmospheric CO,
mitigation.

Fungi also have been proven to
sequester more carbon in the soil than
bacteria. Fungal microbes are good
candidates to be used as microbial
inoculants to increase organic carbon in
soils.

Microbial interventions can also be
used to clean contaminated sites from
accumulated pesticides, heavy metals,
polyaromatic hydrocarbons, and other
industrial effluents.

The reviewed literature shows that
microbial inoculants can be successfully
used as biofertilizers and biopesticides
by using diverse plant growth promoting
traits.

Even in Sri Lanka there are small and
large-scale organic farming organizations
still doing organic “Hela” farming by
understanding the contribution of soil
micro organisms to improve soil fertility.
Even non-arable lands are re-cultivated
after converting them to fertile land by
enhancing microbial activity. Integration
of traditional knowledge to increase
microbial inoculation in soil and modern
methods to increase soil fertility and
increase carbon sequestration will
enhance food security while mitigating
climate change.

Thana Hal -Organic ©
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Introduction

ees, butterflies, wasps, moths, birds

and bats are common pollinators

that carry pollen from one flower
to another and help to produce seeds
and fruits maintaining natural plant
population and genetic diversity.
Pollination is one of the most important
ecosystem services which contribute
to 35% of global crop production (Klein
et al., 2007). Food security, food
diversity and human nutrition depend
strongly on pollinator services. Bees,
both honeybees and pollen bees, are
considered the most common and
important pollinators that pollinate
a vast variety of flowering plants,
contributing to pollinate an estimated
87% of the world’s flowering plants
(Hung et al., 2018). Sri Lanka records a
high diversity, comprising 150 species of
honeybees and pollen bees (Karunaratna
et al., 2005). Butterflies are also common
pollinators, and more than 200 different
butterfly species are recorded in
Sri Lanka.

Pollinator Decline

Climate change, habitat fragmentation,
urbanization and excessive use of
agrochemicals have largely attributed
to the world-wide decline in pollinator
abundance, diversity, distribution

and plant-pollinator relationships
(Hallmann et al., 2017). Especially, the
decline in diversity of bees has been
documented worldwide, for example,
40% in the United Kingdom and 60%

in the Netherlands (Brunet, 2019). In
California (USA), native bee populations
are reported to be inadequate to
pollinate tree species and almond tree
growers import honeybees from other
contries such as Australia to pollinate the
spring flowers. European Union member
countries reported a decline by about
75% of pollinator population since 1990
(Hallmann et al., 2017; Van Swaay et al.,
2019).

A drastic reduction in bee and
butterfly population in Sri Lanka during
the past few decades has also been
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observed. The legendary seasonal
butterfly migration to Adam’s Peak has
decreased . The common reasons for this
observation can be the change or loss of
natural habitats of bees and butterflies
due to human activities such as land-use
intensification, overuse of agrochemicals,
emission of pollutants, encroachment

of certain wild habitats by invasive
species and climatic changes, especially
temperature increases and prolonged
droughts.

Pollinator Conservation

Globally, several measures have been
taken to address the problem of ever
declining pollinator populations and

at the same time to raise awareness
among people on the role of pollinators
in the environment. Policies, national
conservation plans, urban planners and
landscape architects play a major role in
pollinator conservation.

In Sri Lanka, the Ministry of
Environment established a ‘Pollinator
Advisory Group’ and initiated
the publication of the ‘Pollinator
Conservation Action Plan of Sri Lanka
(2012)’; Flower - visiting fauna of Sri
Lanka: An inventory of pollinators
(2020) and the Butterfly Conservation
Action Plan of Sri Lanka (2014) and
has encouraged the establishment
of ‘Butterfly Gardens’ in an effort to
encourage to conserve the pollinator
fauna of Sri Lanka.

Habitat conservation, restoration
and creation of pollinator habitats

Pollinators need favourable natural
habitats with flowering plants to live
and forage for pollen and nectar. Efforts
to protect existing natural pollinator
landscapes are the preferred option.
However, it is not always feasible to
protect such natural habitats and, as

an alternative, we must find ways to
create new habitats. There are gaps

in our knowledge on how to improve
pollinator habitats and pollinator
services in urban areas. European Union
Pollinator Initiative (EUPI) established in

2018 addressed priority issues, namely
improving knowledge on pollinator
decline, tackling the cause of pollinator
declines, raising awareness and engaging
society to conserve pollinators and their
habitat.

Protecting pollinators in agricultural
settings is usually done during the
planning phase of cultivation. Promoting
pollinator-friendly spatial planning
is an important concept. Fields and
cropping systems e.g. alley cropping,
cover crops and asynchronous planting,
can be optimized to improve pollinator
diversity and density (Figure 1).United
States Department of Agriculture
(USDA) conservation programs e.g.
Conservation Reserve Program (CRP),
encourage farm owners to create areas
of pollinator-friendly plants, and award
financial incentives. Cardamom farmers
in India grow shade-trees e.g. coffee,
in their fields to ensure continuous
presence of pollinators. As another
important strategy, these farmers grow
a diversity of flowering tree species
called 'sequential blooms' that can
provide pollen and nectar resources
for native bees around the year when
neither cardamom nor coffee is

blooming. In Colombia, farmers combine
mixed cropping, herbal gardens and
agroforestry systems which provide
habitats on their farms for bees.
Maintaining community gardens, home
gardens and urban greenspaces benefit
pollinator conservation (Figure 2).
Designing and managing of urban spaces
to create vibrant pollinator habitats
have been initiated by many countries.
Roadsides, hedgerows and field edges
can be converted into thriving habitats
for pollinators by facilitating with rich
diversity of wildflowers and grasses that
attract pollinators for nectar, pollen and
nesting.

BELOW

Figure 1: Stripes of wildflowers
across farmlands to enhance
pollinator services (in England)
© Rothamsted Research 2022

ABOVE TOP RIGHT

Figure 2: Community gardens-
vibrant pollinator habitats

(in Germany) © Tracey Byrne

ABOVE BOTTOM RIGHT

Figure 3:Lanes and paths grown
with a variety of flowers to attract
pollinators © John Gwynne
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Roadsides as Pollinator
Habitat

Creating or maintaining wild plant covers
along roadsides is practiced in many
countries as a popular and easy way of
offering valuable habitat requirements
for diverse pollinators. Roadside areas
provide a range of nesting support

and substrates such as leaf surfaces,
pithy stems, small cavities in the stems,
trenches and ditches, fulfilling different
nesting requirements of pollinators.

A small space or corridor along the

roadside, whether a main road, a lane

or a path leading to a house, can be
grown with flower species of varied
colour, shape, scent and differing times
of bloom to support a different variety of
pollinator species (Figure 3).

Growing native wildflower plants that
are best adapted to a particular area will
provide additional benefits like control
of weeds and soil erosion, and attraction
of more pollinators to native species.
Neighbouring agricultural lands and
wildlife ecosystems will benefit through
improved pollination services.

Rinukshi Wimalasekera

Roadsides cover more than 10
million acres of land in USA. They have
successfully managed roadsides to
support, maintain and attract pollinators
(Hopwood, 2014). State Departments of
Transportation in USA improve pollinator
habitat through Integrated Roadside
Vegetation Management, especially by
reduced mowing and strategic plantings
of native shrubs and grasses and non-
invasive plants (Galea et al., 2016)
(Figure 4). This is one of the success
stories of creating roadside habitat
for pollinators, and counties organize
competitions to maintain pollinator
habitats and implement roadside
maintenance practices that optimize
necessary roadside activities
(Galea et al., 2016).

North American Pollinator Protection
Campaign has initiated pollinator-friendly
roadside practices and offer Roadside
Management Awards annually. One
of the important criteria considered in
awards is to demonstrate an exemplary
long-term commitment to provide
pollinator habitats along roadsides.

European Union (EU) Pollinators
Initiative, commissioned in 2018, takes
strategic actions to address the decline
of pollinators in the EU and contribute
to global improvement of pollinator
habitats in urban areas including
roadsides (Figure 5). A few examples
are: Hannover, a city in Germany,
viewed pollinators as a flagship species
for biodiversity conservation and
implemented action plans to restore and
create roadsides as favourable habitats
for pollinators (Region Hannover, 2016),
integrated approach to biodiversity
and pollinator conservation including
potential roadside habitat development
has been initiated by Edinburgh, UK,
and Barcelona’s Green and Biodiversity
Plan 2020 describes the improvement
of actions on the creation of pollinator-
friendly habitats along roadsides for
foraging and refuge.

Pollinator-friendly plant management
practices and managing bee nest
sites are feasible plans for enhancing
pollinator populations.
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expressways Atlantic cmy,gus
© Expressway's wildflowers

Recommendations for
the Development of
Roadsides as Pollinator
Habitat in Sri Lanka

Sri Lanka, as a country that is concerned
with drastically reducing pollinator
diversity and density, can promote
pollinator-friendly spatial planning.

As one of the strategies, Sri Lanka can
adopt a simple, cost-effective and
environmentally friendly strategy of
creating roadside pollinator habitats,
especially in urban areas, to conserve
and maintain our valuable pollinator
insects and obtain their ecosystem
services. Some of the recommendations
are:

% grow flowering plants, preferably

native/wildflowers and grasses, along

roadside corridors and road-edge
strips to attract pollinators.

% research on land management
to increase pollinator activities,
increasing diversity of plant
communities, suitability study of
flowering species to a particular
site and appropriate density will
be helpful in implementing and
restoration of roadside habitat to
provide greater benefit for diverse
pollinators.

% create pollinator patches on selected

sites.

% avoid growing invasive, ineffective
and competitive pollinator species
that exclude effective native

pollinators from roadside vegetation.

maintain and protect roadside
corridors by mowing a narrow road-
edge strip and reduce mowing when
pollination activities are peaking,
while considering the road safety
concerns.

use minimum or zero weediness to
control weeds along roadside, and
minimize broad herbicide application
as a general vegetation control.

educate the stakeholders involved in
road development and environment
protection

raise awareness through community
engagement and environmental
education.

e flowers in
-Katunayake

g ;
W|Idﬂowe'rsahd'gras 13
©th ploneer f

Conclusion

Urban areas can be a major refuge

for many insect pollinators. As a step
toward conserving and caring for
pollinator services, people living in
urban areas can easily contribute by
planting and maintaining at least strips of
flowering plants in urban gardens, field
margins and narrow hedges in gardens.
Providing shelter for bees can be done
easily by making solitary bee houses/bee
hotels. These simple methods can be
introduced and promoted to the general
public and incorporated in urban designs
and plans of the public and private
sector.
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Roadside meadows, wildflowers
andigrasses © staustell
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impacts with far-reaching consequences. Sri Lanka

is one of the countries which is more sensitive to
the impacts of climate change and a country where tea
cultivation is common (Karunaratne et al., 2015). Tea is a
cultivation that is very sensitive to climate change (IPCC,
2016). With this background, this study is aimed to analyze
how tea production has been affected by the variations of
temperature and rainfall in the Central Province in 2011 and
2019. It also aims to suggest suitable adaptation methods for
the Central Province to cope with these climatic changes.
This study was mainly based on secondary data, and the
required data was collected from the Meteorological
Department of Sri Lanka (Katugasthota station) and the Tea
Research Institute of Sri Lanka.

I I umanity has to face various types of climate change

On the Agro-Ecological map, Central Province belongs
to the Mid-Country wet zone. About 15% of the total tea
production in Sri Lanka, comprises Mid Grown Tea (Wijeratne,
2016). Accordingly, tea production of this area significantly
contributes to the total tea production in Sri Lanka. In the
Central Province, minimum and maximum temperatures are
20.3°C and 29.1°C respectively, with a mean temperature of
24.7°C (Karunaratne et al., 2015). Central Province records an
average of 75-2900 mm of annual rainfall. This temperature
and rainfall conditions are in the optimum range for tea
cultivation in this region (Karunaratne et al., 2015). However,
considering the Meta data, in the year 2011, the maximum
annual mean temperature was 28.8°C, the minimum annual
mean temperature was 21°C, and the annual rainfall was
1776.6 mm. In the year 2019, the maximum annual mean
temperature was 30.2°C, the minimum annual mean
temperature was 20.9°C, and the annual mean rainfall was

1543 mm. A comparison of these two years shows variation
of temperature and rainfall over the last 8 years.

According to the data obtained from the Tea Research
Institute of Sri Lanka, the total annual production of tea in
2011 was 52,590,795kg and in 2019 it was 48,493,985kg (in
Central Province). Figure 1 shows higher tea production in the
year 2011 and lower tea production in 2019. Figure 2 shows
the annual rainfall variation for the years 2011 and 2019. The
total rainfall in 2011 was more than the rainfall in 2019. Figure
3 shows the maximum annual temperature for the years
2011 and 2019 respectively. The temperature has a significant
increase in 2019 when compared to 2011.

The comparison of these 02 years confirms that the tea
production in the Central Province is more sensitive to rainfall
and temperature fluctuations. There is a positive correlation
between annual tea production and annual rainfall.

Year 2011

Year 2019

M lanuary
M February
o March
W April
H May
M June
W Juby
W August
September
i Figure 1: Variation in tea
Octomber production (Kg) in the
Novem ber Central Province in 2011
and 2019 (with respect to
December 12 months).
Source: Tea Research
Institute of Sri Lanka
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Year 2011 Year 2019
o | ormea | Mo i || T | Mewny | (DL
Production (Kg) il Tempfrature Tempoerature (Ke) T Tempoerature Tempfrature
(°c) (°c) (°C) (°c)
January
February 2,909,750.33 305.80 27.8 20 3,391,721 55.099 31 20.6
March
April 4,874,784 166.70 30.3 21.2 3,760,269 222.89 324 215
June 4,938,661 47.90 28.9 22.3 4,560,392 81.99 29.9 22.2
August 3,390,775.2 49.80 28.5 22 3,887,641 165.79 28.5 21.7
October 4,261,603.9 275.10 29.9 21.2 3,349,151 471.19
December ~ 3,943,831.5 77.50 27.7 19.9 4,160,108 164.39 28.5 20.7
Total | 52,590,794.9 | 1,776.6 vameza; g vim:aznn 48,493,985 | 1,543 vame:; z) (\;M?E):

Table 1: Variation in

total tea production

(Kg), Total rainfall (mm),
maximum and minimum
temperatures (°C) in the
Central Province between
2011 and 2019 (with
respect to 12 months)
Source: Meteorological
Department of Sri Lanka
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Figure 4: Variation in
Minimum Temperature
(°C) in the Central
Province between 2011
and 2019 (with respect to
12 months).

Source: Meteorological
Department of Sri Lanka

In the below mentioned comparison, the months of
January, March, and May were found to have high rainfall

variation (Table 1). In terms of spatial variations in mean
temperature, tea grows well in the temperature range of
18-25°C, and it doesn’t grow well in ambient temperatures
below 13°C. However, if temperature continues to increase,

it may cause for a decrease in the production of tea. Figure 4
above shows the minimum annual temperature comparison
of 2011 and 2019. A significant minimum temperature change
was not identified in the comparison of 2011 and 2019. (The
minimum temperature seems to have no effect).
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Considering the climate variations, suitable adaptation
methods to mitigate climatic impacts are cultural practices.
Priority should be given to soil and soil moisture conservation
and soil improvements (Wijeratne et al., 2007). In the mid-
country, where the environment is comparatively dry, shade is
also vital for tea (Jayasinghe and Kumar, 2019).

In addition to these key findings, the following measures
can be suggested to increase the production of tea and to
adapt to climate change. These are;

1. brought-and Heat-Tolerant Tea Cultivars

e Tea cultivars, grafted plants, and enhanced seedlings
that can endure harsh (dry) weather, heat, and poor soil
conditions should be planted.

e Asinsect behavior and disease infestations are
co-related with climate change, it's significant to have
improved cultivars, particularly which are pest and disease
resistant.

e New tea cultivar suggestions should be made based on
the soil and climatic characteristics of Agro-Ecological zones
(Wijeratne, 2016; Menike and Keeragala Arachchi, 2016).

2. Crop Diversification

e Only suitable lands with better soil conditions should
be replanted with tea, whereas fields with more soil
degradation should be diversified into other economic
uses.

¢ Tea plantations can be inter-cropped/mixed-cropped
with other perennial tree crops such as rubber, coconut,
fruit, and Spices when soil and environmental conditions
favor their cultivation. Likewise, low-yielding tea lands with
marginal soil conditions can be diversified into fuel wood
(energy plantations) or timber plantations (Menike and
Keeragala Arachchi, 2016).

e Convert unproductive tea lands into "thatch banks" or
plant rehabilitation grasses such as Mana or Guatemala,
which contributes to the generation of green manure or
compost (Wijeratne, 2016).

3. Irrigation and Soil Enhancement

e Compost generation by growing green manure crops in
vacant patches and along fences, etc.,

e Adoption of soil conservation measures (drains,
terraces, bunds, etc.)

e Mulching in young tea lands.

e Irrigation of tea during dry weather (Wijeratne, 2016).

4. shade Tree Planting and Management

¢ Planting and management of high and medium shade
trees to lower temperatures can alter the microclimate
(Wijeratne, 2016).

5. Forecasting Seasonal Weather

e Weather forecasting technologies have improved.
Therefore, tea growers can protect their tea cultivations
from unfavorable climatic changes by using seasonal
weather predictions (Wijeratne, 2016).

Finally, it could be concluded that the lack of understanding
of climate change and its consequences has contributed
to a lack of response to climate change mitigation and
adaptation. Given the tea industry's economic and social
importance, increasing awareness on climate change impacts
and providing financial assistance to tea growers will almost
certainly increase the rate of adoption of those well-known
Good Agricultural Practices (GAP) that are often referred to as
"No-regret strategies", which can reduce the negative effects
of climate change on tea.

References

IPCC, (2016). Framing and context. In: Climate Change and
Land. s.l.:s.n., p. 77.

Jayasighe, S.L. and Kumar, L, (2019). Modeling the climate
suitability of tea Camellia sinensis (L) O. Kuntze) in Sri Lanka in
response to current and and future climate change scenarios.
Agricultural and Forest Meteorology, 15 July.pp. 102-117.

Karunaratne, G.M.M.R.B. Nissanka S.P., Punyawardena B.V.R.
and A.R. Gunawardena (2015) Vulnerability of Tea Sector for
Climate Change in the Major Tea Regions in Central Hills of Sri
Lanka. Journal of Environmental Professionals Sri Lanka, Vol 4
No.1 p. 29-48

Menike, L.M.C.S and Keeragala Arachchi, K.A.G.P. (2016)
Adaptation to climate change by small holder farmers in rural
communities; Evidence from Sri Lanka, Procedia Food Science,
Vol. 6 pp 288-292

Wijeratne, M.A., Anandacoomaraswamy, A., Amarathunga
M.K.S.L.D., Ratnasiri J., Basnayake, B.R.S.B. and Kaira, N (2007)
Assessment of impact of climate change on productivity of tea
small (Camelia sinensis L,) plantation in Sri Lanka. J.Natn. Sci.
Foundation, 35 (2) pp.119-126

Wijeratne, M., (2016). Report of the Working Group on Climate
Change of the FAO Intergovernmental Group on Tea, Rome:
Food and Agriculture Organization of the United Nations.

NeelaHaritha 2023 | 97



Addressing climate change

challenges in .

water sector
through restoration of

irrigation structures

T.M. Anurudhdha Tennakoon
Integrated Watershed and Water Resources Management Project, Ministry of Irrigation
anuruddha_mails@yahoo.com

Keywords:

PROLONGED DROUGHTS,
CANAL,
WATER OPTIMIZATION,
IRRIGATION

® Agricultural
productivity depends
on the availability of
sufficient water

® Maximizing the water
carrying capacity of tanks
and reservoirs contribute
to optimization of water

® |Innovative methods
for the irrigation sector
to enhance water storage
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Introduction

increased frequency and intensity of

floods are some of the adverse effects
of climate change. Flood and droughts
inflict damages to the agricultural
economy of the country and the normal
lifestyle of the communities living in
marginalized areas. Therefore, climate
change mitigation and adaptation
actions need to be introduced for the
marginalized areas in all aspects as much
as possible. In the agricultural sector,
water resources play a critical role. A
sufficient volume of water is required to
have a good harvest, and that directly
links to the country's agricultural
productivity. Therefore, sustainable
management of water resources is an
important subject and a challenging
task with increasing variability of
rainfall. Water management in drought
conditions is indeed a challengeable
issue, and new methodologies and
engineering technologies need to be
applied simultaneously to mitigate the
impacts.

I n Sri Lanka, prolonged droughts and

In the context of climate change
adaptation, conservation of limited water
resources come into the picture. The
focus of the Integrated Watershed and
Water Resources Management Project
(IWWRMP) of the Ministry of Irrigation
is to maximize the water carrying
capacity of tanks and reservoirs and to
support to restore water distribution
canal networks. Essentially, this project
focuses on enhancing the functionality
of water infrastructure. Dam safety
comes under this context too. Strong

dams support to store water, and well-
established and regulated distribution
networks (distribution canal systems)
help to distribute water without waste.
This article describes some of the major
interventions under the IWWRM in

the irrigation sector to enhance water
storage capacity and distribution.

Water Optimization in the
Irrigation Sector

The irrigation sector in Sri Lanka mainly
comprises major and medium irrigation
schemes, and small tanks. The major
and medium irrigation schemes provide
water for more than 650,000ha. There
are more than 350 major and medium
irrigation systems in the country. The
irrigation tanks are mainly scattered in
the dry-zone, and some of them are
linked in a cascade, providing water for
about 320,000ha.

Other than irrigating crops, water
from canals and reservoirs are used for
livestock watering, fisheries, industries,
and domestic purposes like drinking,
bathing, and laundering.

In the irrigation sector, there is surface
water as well a ground water. But
this article only focuses on the water
optimization of the surface irrigation
sector.

In the irrigation sector, main methods
used to enhance water optimization are,

1. Enhance water carrying capacity of
tanks and reservoirs, and

2. Strengthen and rehabilitate water
distribution canal networks.

Water-Efficient Agriculture

© Global Opportunity Explorer.

Enhancing Carrying
Capacity of Tanks and
Reservoirs

Desilting, rehabilitation of dams, increase
of dam height, strengthening of sluice
gates, increasing of spillway heights are
directly supported to increase water
carrying capacity of the reservoirs. These
activities should be done under detailed
study and close supervision. Especially
increase of dam heights and spillways
can create unexpected environmental
and social issues due to new inundation
areas. Therefore a, comprehensive
environmental and social management
plan should be established before
commencing this type of actions.
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Some tanks of the country have been
specially constructed to provide water
for Other Field Crops (OFC) such as
green gram, Undu, groundnuts, chili,
etc. (Figure 1). Some tanks located in
the northern province (Mol, 2020a; Mol
2020b) show this character, and the soil
type and climate of the area are also
compatible with these crop varieties
and cultivation system. The utilization
of Other Field Crops in designated areas
will support obtaining a good harvest,
and it is ideal for overcoming the adverse
impact of climate change.

The OFCs can generate comparatively
more income for the community than
paddy cultivation in the same area.
Cultivation of OFCs supports reducing
hunger and enhance the nourishment
of the nation, and it provides some job
opportunities for the communities too.
Therefore, rehabilitation of tanks and
schemes support to store rainwater as an
adaptation to adverse effects of climate
change (MoMD&E, 2016). Strengthening
and re-establishment of farming schemes
designed for OFCs are directly supported
to enhance food security and economic
development and increase resilience to
climate change (Mol, 2020a; Mol 2020b).

Rehabilitation of Canal
Network

Rehabilitation of dilapidated main
canals (Figure 2), feeder canals, and
distribution canals support to optimize
water utilization by controlling waste
through transporting from tank to
agriculture fields. The establishment of
new sluice gates or repairing of existing
sluice structures, laying concrete for
distribution canals, removing barriers in
canals is mainly supported to increase
the water transportation efficiency.
However, implementing agencies need
to re-think of sustainable environmental
benefits of downstream areas while
establishing sluice gates and other
regulatory structures upstream. Allowing
sufficient amount of environmental flow
and providing opportunities to support
ground water recharge should be
considered in this activity.

Concrete laying for canal systems
support to avoid water waste in
transportation and obtain the maximum
benefit of water. This also helps to
reduce water volume that needs to be
released during the cultivation season

and support water conservation.
Normally, irrigation schemes have a long
canal network and some places would be
damaged and need to have immediate
restoration. Therefore, identification of
dilapidated canal systems is an important
activity, and repairing of dilapidated
canals and hydrology structures support
to increase the resilience of climate
change (Figure 3).

BELOW LEFT

Figure 2-1: Rehabilitation of
dilapidated main canals

© Daily News

BELOW MIDDLE
Figure 2-2: Dilapidated D
canals © Flickr

BELOW RIGHT

Figure 3: A dilapidated

canal, now functioning as a
naturalized canal that provides
habitats for biodiversity and as
a newly rehabilitated canal

© Sri Lanka Red Cross
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Figure 4: Trapezoid shaped canals. © Journal
of Applied Research and Technology. JART

Trapezoidal drain © YouTube

Canal systems which have been
dilapidated for 2-3 decades play a role
as naturalized ecosystems. Most of
these canals are shallow, with slow flow
of water and the riparian vegetation is
rich. Therefore, most of the dilapidated
canal systems provide habitats for
biodiversity and sustainability of the
adjacent environment. Further, this
system supports groundwater recharge
and sustenance of ecosystem services.
Therefore, in the rehabilitation of canals,
we need to consider the sustainability
of ecosystem services too. Application
of green design in engineering activities
will support to fulfill this requirement.
The inclusion of green concepts into
engineering designs also supports to
overcome some environmental and
social issues of the target communities.

In engineering aspects, the change
of the shape of canal structures will
also support to enhance the water flow
rate of the canal and helps to transport
water to longer distances. Here, square-
shaped canals are transformed into
trapezoid-shaped canals (figure. 4).
This is normally a simple engineering
method but provides more benefits

in water resources optimization and
climate change. Incorporation of green
designs for these changes will generate
eco-friendly results. Green designs
consider the sustenance of eco system
services and support for the survival of
adjacent biodiversity (e.g. establish holes
in concrete layered canals to support
ground water recharge, establish suitable
steps on canals banks at relevant places
for animals to drink water, establish
escape structures for animals (this is for
large canals). If an animal accidently falls
into the canal, these structures will assist
its escape).

Conclusion

At present, restoration of irrigation
structures in the country are directly
linked to climate change adaptation.
These restoration activities should be
done under comprehensive studies
which addresses environmental and
social issues. However, water is the
limiting factor. Therefore, conservation
and restoration of the upper watershed
is @ major task that leads to sustainability
of water resources. Watersheds provide

water to rivers and canals and finally
large and small tanks and reservoirs.
Healthy watersheds directly link the
continuous water supply to rivers.

When considering the current status of
watersheds, there are some threats to
watersheds like on-farm and off-farm soil
erosion, degradation of soil productivity,
deforestation, reduction of river flow,
low quality of river water, siltation etc.
Therefore, watershed restoration is more
important and a priority action which
supports the sustainability of water
resources.

Canal network rehabilitation is an
important activity in the irrigation sector
and it supports to optimize the utilization
of water resources. Concrete layering
is the most common technique that is
practiced in canal rehabilitation. Under
this rehabilitation, we have to re-think on
the potential of ground water recharge.

Restoration of upper watershed
areas directly affects the sustainability
of water flow of the downstream
areas. Therefore, proper restoration
actions need to be established with the
support of stakeholder agencies. Crop
diversification is another agricultural
practice that can be used to enhance
income generation in climate vulnerable
areas. Therefore, rehabilitation of
delapidated canal network ensures the
function of watersheds and introduces
new agricultural practices that can
be applied simultaneously for climate
change adaptation.
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Designing a

Climate Smart City
for Kurunegala
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e Cities are emitters of greenhouse
gases, and unplanned cities face
damage and loss due to the adverse
impacts of climate change

e A city can transform into a
‘Climate Smart City’ by adopting
nature-based solutions, blue-green
infrastructures, and integrating low-
carbon development technologies.

e The key components of a Climate
Smart City are reduction of
greenhouse gas emissions, water
conservation, waste management,
energy efficiency and being
resource wise.

e An adaptation and mitigation
assessment were carried out for
the Kurunegala City, and the issues
identified were water scarcity, heat
stress, waste management and
traffic congestion.

e Potential applicable
recommendations were made
to reduce heat stress and water
- scarcity, and technologies were
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Background

nthropogenic greenhouse gas
A(GHG) emissions accelerate

climate change. The primary
catalyst is the burning of fossil fuels.
Global warming which is the result of
increase of GHG is evidenced in global
temperature rise, droughts, floods,
coastal erosion, ocean acidity, shrinking
of ice sheets and increasing extreme
weather events.

Global warming makes cities warmer
and rapid urbanization intensifies
this process. Urban Heat island (UHI)
generation and aerosol radiative forcing
are two such processes that make cities
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unlivable. Estimates suggest that cities
are responsible for 75% of CO, emissions,
with transport and buildings being the
biggest contributor. Therefore, it is
essential that cities be made a part of
the mitigating efforts to control climate
change.

Further, city populations are expected
to rise up to 60% globally as people flock
to cities for employment opportunities
and services. However, around one-third
of the world’s population lives in cities
at risk of cyclones, floods, droughts,
earthquakes, landslides or volcanic
eruptions (UN DESA, 2018.) Climate
change further exacerbates these risks
with more frequent and intense floods,
droughts, sea level rise, heatwaves,
landslides and storms (WMO, 2021).

In the 2030 Agenda for Sustainable
Development, countries have committed
to engage in systematic follow-up and
review of progress towards the goals and
targets, using a set of global indicators.
Sustainable Developmer D
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11) formulates the ambition to make
cities and human settlements inclusive,
safe, resilient and sustainable.

Rapid urbanization is resulting in
a growing number of slum dwellers,
inadequate and overburdened
infrastructure and services (such as
waste collection and drinking water and
sanitation systems, roads and transport),
worsening air pollution, and unplanned
urban sprawl. Thus, the environment is
intrinsic to SDG 11, which puts forward
the need for critical urban infrastructure
to be low-emission, resource efficient
and resilient. Better urban planning
and decision-making which strive to
decouple, decarbonize and detoxify our
cities are crucial strategies to achieve
SDG 11.

A Climate Smart City contains
infrastructure and built environment that
is resilient to climate change impacts
and adopts low carbon technologies
that reduce greenhouse gas emissions,
ensuring a comfortable, healthy living
for the urban population. Climate Smart
Cities help find integrated solutions
for their complex urban sustainability
challenges. Further, they are necessary
to protect citizens and businesses from
negative climate change impacts.

This article describes the activities
and components of a Climate Smart
City designed for the city of Kurunegala
in Sri Lanka. The design of Climate
Smart City for Kurunegala is based on
the intervention of Climate Technology
Centre and Network (CTCN). On the
request of the Kurunegala Municipal
Council (KMC), CTCN provided pro
bono Technical Assistance (TA)
through the facilitation of the Climate
Change Secretariat of the Ministry of
Environment to design a ‘Climate Smart
City’ for Kurunegala. The key objectives
of the programme were to,

a) Ildentify the key climate
issues and provide adaptation
recommendations.

b) Identify 10 climate
technologies to potentially reduce
the greenhouse gas emission
(mitigation) of the city.

-Ethugala of Kurunegala © Nick Dowling

Introduction:
Kurunegala City

History

Kurunegala was the fifth Kingdom

in Sri Lanka. It was ruled by King
Buwanakabahu the Second in 1293 A.D.
followed by King Parakramabahu the
Third. This period was known as the
‘Golden Era’ of literature. In the 16
century, the Kurunegala city was used
by the Portuguese as a centre to collect
cinnamon and pepper, whilst in the 17t
century the British established it as the
main administrative centre for Sath
Korale. The town/city area was said to
be a planned area during that period.
Along with time, the town has expanded
to become the highly populated urban
centre it is today.

City design

Kurunegala City is 11km? in extent and

is situated in the Kurunegala District
located in the North Western Province of
Sri Lanka. Kurunegala City is one of the
most intensively developed economic
and administrative cities of the North
Western Province. This city can be
considered a hub which connects a
number of major cities: Colombo, Kandy,
Dambulla, Negombo, Anuradhapura,
Trincomalee and Kegalle. Its main
economy is service and industry (GOSL,
2018). The population of Kurunegala City
was 24,833 (Census, 2012) with a daily
commuter population of over 300,000
(UDA, 2019). The population growth

L
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estimate for KMC is 8.5% from 2012-
2017 (GoSL, 2018).

The Kurunegala City is situated in
the plains of the intermediate climatic
zone bordered by Ethugala, a large
granite outcrop. Kurunegala City
displays a ribbon development which
has progressed to an urban sprawl. The
land use of the city comprises of 65%
built environment and 35% green space.
Municipal services cover 13.9% of all
land use (GoSL, 2018).

Climate

The city’s climate which is hot
throughout the year is made intense by
the surrounding rock outcrops. These
rocks retain heat during the day. The
built up environment increases the heat
distribution. Moreover, with the daily
floating population of approximately
30,000 people and traffic congestion,
the heat is exacerbated further. During
April, the temperature increases to over
35°C leading to decrease in water in
reservoirs and the Deduru Oya which
supplies water to the city. In general,
the monsoons from May to August and
October to January provide rain. The
average annual rainfall is approximately
1750mm-2000mm. During the last
decade, Kurunegala experienced
prolonged droughts annually.

Kurunegala has been experiencing
prolonged droughts in the past thirty
years (MoE,2011). According to
Punyawardena et al., 2013, Hambantota
district has the highest exposure to
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climate change followed by Kurunegala
and Anuradhapura. This, they have
stated, can be attributed to higher
number of days (in a year) with daytime
maximum temperatures greater than
34C° and increased frequency of drought
during recent times.

In the ‘Status of Sri Lanka’s Cities
(GoSL, 2018), Kurunegala City has been
identified as one of the cities that has a
high risk of exposure to droughts.

This type of prolonged drought leads
to water scarcity and heat stress in cities.

Globally, too the challenge of water
scarcity in cities is growing. Recycling,
water conservation technologies,
designing Water Cities, Climate Smart
Cities, reduction of non-revenue water,
technologies to reduce water leakages,
reduction of water contamination in
agriculture and improvement of sewage
systems are some of the actions that can
solve water scarcity and cool cities.

Through designing a Climate Smart
City for Kurunegala, it is expected
that the recommendations, when
implemented, will increase the resilience
of the city in the face of droughts.

This article strives to highlight
the key climate issues faced by the
Kurunegala City and summarize the
recommendations presented through the
CTCN programme, to develop resilience
and reduce greenhouse gas emissions
through a Climate Smart City design.

Brief Methodology

Stakeholder consultations, expert
opinions, qualitative analyses in the
form of questionnaires, literature,

and, wherever possible, quantitative
surveys were done to obtain information
and provide recommendations (CTCN
website). From the climate adaptation
perspective, water scarcity and heat
stress were identified as key issues

that needed to be addressed in the
Kurunegala City. From the mitigation
perspective, technologies to reduce
greenhouse gas emissions and the need
to assess the current greenhouse gas
emission status were identified.

Current Status of
Kurunegala City

Water availability

In ancient times, Sri Lanka used
traditional micro watershed management
systems, which were referred to as Tank
Cascade Systems (TCS), to irrigate the
vast dry zone plains. This system utilized
a unique channel technology. This system
provided water for human consumption
as well as supported the local livelihood
of agriculture, irrigation and moreover
supported biodiversity and provided
ecosystem services (Geekiyanage and
Pushpakumara, 2013).

Kurunegala in ancient times also
boasted a cascade system. However, with
population increase and urbanization,
the tanks were silted and the channels
were blocked. The main sources of
drinking water in Kurunegala City are
Deduru Oya, Wendaru Wewa and,
during water shortage, the Kurunegala
Tank. The National Water Supply and
Drainage Board (NWSDB) treats the
water and the Kurunegala Municipal

The case study on
Kurunegala City and the
recommendations provided
are those that can be applied
for any city considering its
climate related issues. Some
of these recommendations,
especially on adaptation, can
be adopted even in homes.

Council (KMC) purchases the water in
bulk and distributes the water to the city
at a subsidized rate.There are two water
treatment plants in operation. Those
that do not have pipe-borne water use
wells and tube wells (ground water).
Community wells are available for
washing and bathing. The present water
sources are not adequate to meet the
demand of the burgeoning population
and the increase in commercial use.
Another challenge faced by the City is
the high rate (45%) of Non-Revenue
Water (NRW). This may be attributed

to leakages in the transmission and
distribution systems and in the service
reservoirs, illegal water consumption,
production and consumer metering
errors and administrative errors.

Currently, the water demand of
the city is about 8000m3 per day. It is
estimated that the demand will increase
to 19,000m3 per day by 2030 (NWSDB).

The Greater Kurunegala Water Supply
and Sewerage Project which commenced
in 2018 was initiated to provide clean
water for households, government and
private institutions, schools, hospitals,
tourist hotels and the daily floating
population. It provides the disposal
of waste water for 3,500 domestic
and commercial institutions with its
sewerage network. A capacity of 300m?
of sewerage per hour is treated daily. The
treated effluent (24,000m3) is released to
the Beu Ela that flows in to the adjacent
paddy fields. Compost is made from
the remaining sludge which is used as a
fertilizer in plantations.
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Heat stress

Unplanned rapid urban growth, traffic
congestion, overcrowded urban public
space with concrete buildings and lack
of green space and predominant granite
rock in Kurunegala city exacerbates heat.
Impervious surfaces such as buildings,
parking lots, roads and interlocking brick
pavements add to the increase of surface
temperature.

Urban Heat Island (UHI) is a result of
rapid urbanization. There are two types
of UHIs which includes Surface Urban
Heat Island (SUHI) and Atmospheric UHI.
Atmospheric UHI is observed based on
air temperature and SUHI is measured
based on land surface temperature
(Ranagalage et al., 2017).

Rapidly increasing UHI results in
degradation of living environments,
elevated ground level ozone, increased
mortality rate, elevated emission of
air pollutants and greenhouse gases,
compromised human health and
comfort, and increased hospitalization of
children and elderly people (Ranagalage
et al.,2017).

A study by Ranagalage et al., in 2020
on the Kurunegala City based on data
gathered from 1996-2019 indicates that
the rapid increase in urbanization, loss
of vegetation cover, increase in built-
up areas and congested road network
resulted in the increase of Land Surface
Temperature (LST). The study specifically
indicates that the increase was evident
from 2008-2019. They, (Ranagalage
et al., 2020) further observe that the
increase in overall average in LST in
Kurunegala urban area from 1996-2019
was 5.5°C which may have been caused
by the rapid urbanization and increase in
impervious surfaces of the area.

Health authorities do not have
documented data on heat stress
associated with climate change.
However, there are reports of
dehydration and fainting in school
children which may be attributed to heat
stress.

Transport
Kurunegala City is a highly traffic
congested city. Due to the administrative

and service facilities in Kurunegala

City, many people commute for jobs,
commercial and administrative services,
health services, schools and tuition
classes. Of the land use, nearly 10% is
set aside for roads. Considering the
road network, there are main roads
which branch off into narrow roads and
dead ends. There are no sign boards for
by- passes. Heavy vehicles go across the
town without using alternate roads due
to lack of signages. During peak hours, it

takes 35 minutes to drive a 2km distance.

There is a lack of parking space and
only 1,310 slots are reserved as private
vehicle parking spaces. Therefore, this
causes vehicles to be parked on either
side of the pavement resulting in traffic
congestion. Highest traffic congestion is
seen during school and office opening
and closing times (UDA, 2019).

Waste

Solid waste management of the city

is the responsibility of the Municipal
Health Department which ensures the
overall collection of waste and keeps the
city clean. The Solid Waste Management
Division of the KMC manages the
composting and disposal treatment

of solid waste and waste water at the
Sundarapola Waste Management site
located just outside the city boundary.
The Sundarapola site manages waste
collected both from the KMC as well

as the Kurunegala Pradeshiya Sabha
area. The site is 12.5 acres and of this
the operational area is 5 acres and
around 4 acres consist of an open

dump containing mixed waste. The
Sundarapola final disposal site was

S"tudv',. based in the KMC
compost plant © IWMI

established and has been in operation
since 1920. The discharged solid waste
amount is approximately 38 tonnes/day
from the Kurunegala Municipal Council,
approximately 10 tonnes/day from the
Kurunegala Pradeshiya Sabha and is
estimated at approximately 48 tonnes/
day in total (CTCN, 2021a).

The screw type composting machine
was installed in Sundarapola waste
disposal site with the capacity of 50
tonnes/day in August 2019. The major
raw materials to make the compost are
organic domestic garbage collected by
separate collection which was introduced
to households in 2010. However, the
plant did not run at its full capacity due
to technical operational issues in the
previous years. The plant processes
3-7 tonnes of wastes daily. There are
studies being carried out to assess the
quality of the fertilizer. In Sundarapola,
only 2 tonnes/day of solid waste can be
accepted at the compost yard due to a
shortage of workers. Further, there is an
issue as to finding solutions to clear the
mixed waste dumping hill (landfill site).
Various recommendations (i.e; selling
the mixed waste to a recycler, sorting the
waste manually, etc) have been made in
order to manage this mixed waste hill.
However, it is still in the same condition.
The KMC carries out an extensive
programme to promote segregation
of waste at source. With the floating
population, it is very difficult to manage
this and there are many instances of
mixed waste accumulation (CTCN,
2021a). It is necessary to rehabilitate this
mixed waste dump.
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Recommendations

Water scarcity and heat stress
The use of an integrated approach using
Nature Based Solutions (NBS), Blue
Green Infrastructure and Low Impact
Development (LID) can bring about
climate resilient communities (Liao et al.,
2017 and CTCN, 2019).

The following are a list of
recommendations that could be
utilized to increase climate resilience
and transition to a cooling city. These
recommendations can be adopted not
only for KMC but also for other cities in
Sri Lanka.

o Treated sewerage effluent (which
is currently being sent to paddy
fields) can be used for construction
purposes without the need to use
potable water.

Q By connecting all household
sewerage systems to the Sewerage
Treatment Plant, the contamination
of ground water does not take place,
leaving the wells to be used for drinking
water.

© Ifitis necessary for water to
be boiled (using firewood) before

consumption there is much carbon
dioxide being released. The use of
Gravity Driven Membrane (GDM) to
filter water will reduce air pollution.
This system can be used in small scale as
well as large scale for community water
projects or for schools. The membrane
purifies contaminated water using
only gravity without additional energy
consumption. It can remove more than
99% of particulate contaminants and
bacteria in water using micro-pores.
Heavy metals in water can be filtered
by using a nano membrane (this
was demonstrated at a workshop in

Membrane
W ‘ Materi  PVDF MF,

a o2m
Length 27.1cm

Height  61.9¢cm

Total
area

81m?
7 1x619x
]

Kurunegala). This eco-friendly technology
can be used for rain water, sources of
contaminated water etc.

0 Rain water harvesting: Offices,
schools and households can
have rain water harvesting barrels. This
reduces metered and ground water
consumption.

© Infiltration trenches: Instead of
using open concrete drains, the
bottom of the drain (without concrete)
contains a layer of pebbles and sand
while the water infiltrates to the soil
below, the top of the drain remains dry.

@ Rain gardens: This is a vegetated
shallow depression designed to
treat stormwater runoff from nearby
impervious spaces. These can be adapted
in front gardens of offices, schools,
homes, round-a-bouts, etc.

0 Retaining a percentage of
permeable surfaces in offices and
houses: Instead of concreting walkways
and gardens, retain a percentage of
ground area for vegetation. The KMC has
already included this as a by-law within
the KMC area.

9 Bioswales: Similar to rain garden,
this is a vegetated channel used
to convey rain water and treat it prior to
its entry into a water body. It provides
bio-retention facilities. This can be
most often applied along streets and in
parking lots.

Q Tree box filters, planter boxes:
These can be used in pavements
where the pavement is sloped so that
rainwater flows from impervious surfaces
to the tree box.
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M Constructed wetlands: This is

designed mainly for water
quality treatment in a controlled
environment. In this subsurface flow
wetland, a gravel and sand-filled basin
planted with vegetation is used to treat
domestic, municipal and industrial
waste water. Here, the pollutants are
removed through several mechanisms
which include plant uptake, microbial
biodegradation, physio-chemical
adsorption, mechanical filtration and
sedimentation.

(B Permeable bricks: These clay
based porous bricks can replace
the cement inter-locking stones used
in pavements and parking areas. These
encourage filtration of rain water which
seeps in and recharges ground water.

© Gayanath. Eco Bricks

(B Cement blocks and grass
pavements: These include
intermittent cement blocks and grass
which helps filter rain water.

@ Green and shade curtains: Vines
can be grown along the walls with

the support of a mesh. These provide
a green visual as well as assist to keep
the area cool, and in addition provide a
habitat for fauna. If the vine is an edible
plant, it also provides an additional food
source.

The above systems encourage
purified filtration of rainwater, increased
ground water recharging, reduce storm
water wastage, reduce atmospheric
temperature and help to cool the city.
In addition, by recharging ground water
and having a layer of water in the sub
soil layer there is an increase in water
availability during drought periods.

Energy &Transport

According to the Kurunegala Town
Development Plan (2019-2030),

the proposed Central expressway,
Kurunegala Dambulla Railway line,
Transit Oriented Development Centre,
multi -storey vehicle parks and

the promotion of alternative road
connections for main roads will assist to
reduce traffic congestion and create a
healthier environment in the city (UDA,
2019). Further, the promotion of e-buses
for short distances within the city
(circular routes) will reduce emissions.
The promotion of solar street lights,
conversion of buildings to energy
efficient buildings through the use

of energy efficient lighting, efficient

air conditioners and solar roof tops

will reduce the use of fossil fuel. The
encouragement to use LED display
boards in the city will reduce visual
pollution, while reducing power
consumption.

Waste

The waste management site needs

to be upgraded to support the daily
waste generated. The composting
facilities need to be improved and the
quality of compost needs to adhere

to standards specified for cultivations.
Frozen biodegradable food blocks can

be supplied to pig farms. Trees that are
cut or cleared after storms can be used
as wood chips for furnaces of factories.
Segregation activities and recycling rate
of wastes can be increased. Feasibility
for a waste management programme
which can be upgraded to an Internet

of Things (loT) programme which can
accommodate the waste from not only
the municipality but also the surrounding
Pradeshiya Sabha areas is possible. If a
venture is to be started for a Waste to
Energy programme it should be for the
entire North Western Province. Solar roof
top and solar lighting in the premises will
reduce electricity consumption. It is also
beneficial to retain part of the forest area
within the site for carbon sequestration
purposes.

Greening Kurunegala

Emissions and removals are part of any
city. It is necessary to increase the green
cover in Kurunegala City to absorb the
greenhouse gas emissions released. The
Rajapihilla Park and the forested area
around Ethugala rock are the remaining
greenery at KMC area. It is necessary
to make part of the Rajapihilla Park into
an urban forest. It is also necessary to
plot out areas where space is available
to accommodate trees and increase

the greenery of the KMC. Urban

Forests serve as carbon sequestrators
and perform ecosystem services and
conserve both soil and water resources.

Proposed low carbon
technologies to transform KMC
to a Climate Smart City

The greenhouse gas emission
assessment conducted by the National
Cleaner Production Centre indicated
58,797 tonnes CO,eq in 2012-2013 to
82,562 tonnes CO,eq in 2016-2017 of
greenhouse gas emissions considering
energy, waste and transport sectors for
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the Kurunegala City. The rate of increase
was 40.42% from 2013 to 2017 (NCPC In:
CTCN, 2021a).

Stakeholder consultations were
held and 22 low carbon emission
technologies were assessed. Out of these
12 were further shortlisted as potential
technologies to reduce greenhouse gas
emissions and propel the KMC towards a
transition to a Climate Smart City (CTCN,
2021 b). Short listed technologies are in
(Table 1).

Recommended Policy
Initiatives

As urban populations grow, a
considerable amount of funds will be
spent in expanding and renewing urban
infrastructure. Therefore, supportive
national and regional policies need to

be in place to ensure that their policies
are well aligned to support city-level
action. Building environmental goals

and incentives into national policies,
identifying national policies that

conflict with or prevent local climate
action, investing in low-carbon, climate
resilient urban infrastructure that has
low incremental costs and provides
multiple local benefits, mobilizing private
capital for green urban infrastructure
projects and encouraging private sector
investments are some of the initiatives to
be incorporated into policy framework.

Conclusion

The case study on Kurunegala City and
the recommendations provided are
those that can be applied for any city
considering its climate related issues.
Some of these recommendations,
especially on adaptation, can be utilized
even in homes. It is necessary for urban
planners to shift from standard built grey
environment concepts towards more
blue-green concepts. It is also necessary
for municipalities to demonstrate some
of the actions and set an example for
other municipalities. Further, there are
some actions that can be addressed
through the implementation of by-laws.

Table 1: Proposed low carbon technologies for Kurunegala city

01 Organic waste composting

02 Rooftop photovoltaic generation system

03 Water heating system by solar energy

04 Bulb replacement to LED

05 Green buildings

06 Park and ride system

07 Rainwater recycling

08 loT based Smart City

09 Electric car and ESS (Energy Storage System)
10 HEV (Hybrid Electric Vehicle) taxi

11 loT based waste recycling system

12 Electricity generation by incineration of Municipal Solid Waste

It is also necessary for municipalities
to have a good baseline and a database
and build their own Greenhouse
Gas Inventory (GHGI). The inventory
will assist to monitor the low carbon
development pathway taken by the
city and assist to balance development
projects with carbon sequestration
activities.

This initiative is further emphasized
in the National Policy Framework:
Vistas of Prosperity & Splendour
where chapter 7 (New approach in
National Spatial System) and chapter
8 (Sustainable Environment Policy)
highlight actions such as establishing
Kurunegala and other cities as national
cities, introducing urban forests, green
belts, encouraging waste segregation
and waste management systems and
introducing water storage mechanisms
for houses and water scarce areas
to recharge ground water to name a
few. It is further endorsed under the
Theme 8: Environmental Management
in Cities and Human Settelement in the
National Environment Action Plan (2022-
2030) (MoE, 2022) as well as the UN
Sustainable Cities programme.
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81006 SEBIS 5505 D PVEDD Ft5Ies) AND @G
© Jackson Mcmuldren/ Ocean Voyages Institute

S@80s g3HI6 5B
815060 &rh VEsSE®

&gc D 80 89006 deE 6@ S@B00RS coesnn &
&5 gm0, 565 BOY 11 & Gt§dt BB IENDEHRE 58N
S0 DB GT.

530860 dms DwsEdessS 3@8nenesS 65%-80% 5@%n
5BNEE BeseDSes eDO6E S G SEEI®IBSCE.
003 esotie@Bgn IVEDBEG BE®) IVS LeIEBE
30%-50% oS gm0, SIS0 5 eI®OE S8
5O ®® G SEI®dE BVOWED S e5cBess,
DO NS DBt ¢0) ®rSe® ®eSw® ¢fed. 6®n
eEmnsn Bestimies 8 B8O DEed.

6® D» DO &8 eI®06d Sl aesgds D
B gz €28 ey (Great Pacific Garbage Patch). e®8
B30 2B JBw® 1.8 @ @8 S god S@e30H
e 80,000 &5 erendd @S D) e, 608 DHED®
eresy @O erdc.
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8068 o
© Andrea Carrubba

6@D &S 58O ®omD BERE LTRSS PSS
&S BO0® 6®mB. 608 DHE DBk SR eeseds
oo ®ow.

Bne, 5556@ S0 DRSO K Gme D DD
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D0$E®D IIOBD B,

B30 Bes) ese® BD® By o) 8D 6O DD
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eINELRDBOD, e3¢ DBOE &S B3@e30w eENGHBO

OB 9S: SIS0 6@ B6® enNd V@K SdSO
BO 8, 600 555 BODBBGEO SSOO0 ®w.
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© Alexander Semenov
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5% o8 68

Do 68.

B D60 S@e30n e eaem 6@ Didd
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\. /' © Dreamstime

S0 db®
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1.

5e3) BEDBEO 385 68. 2. 8 5950 6eNd DSBS (HDPE)
B S0 ENHesHR0 Desd 1005 =0 ®m 68. 3. 6B OB»BE Be@ivkd (PVC)
B 90% )80 8@ 6IodDe S@t3ds tgow gio® 6. 4. g8 85550 6@ dBBS (LDPE)
B 83% 2@ &5@ed Se0E gho® D DD 5. eeNBepBas (PP)

GENDEHD FeD. 6. ©eBe30BBS (PS)
B 50% 8&encm D OO O Ddom 7. By S0

oD B30 68.
B 38558 5290 20 g O 10% S@e30 8. B30 OV®OBS 3800 S0 B 58D 68. DD

B 8850 ©0® S0 50% Do
N DO 9DmE SEe3dH 68 (single use plastics).

Bes) epend epeeade® eE®) DD DEEHBeD M0 &Ttd®
Sem® SHedw »O» @ S@e30s (Food Grade Plastic) 8.
®»®, PET, HDPE, LDPE &% PP 32 &¥®B. PVC 653 PS &5
Bm S@e30E o eregdt®DERD 6IE) @ISO ey 668.

é@:’é,ad &® @63@653 G 566@@ Food Grade Plastic ®&n®®® eew) ‘OBs Bedcd e®
6@3666’5 MBSO epcsa’S 6D ®z003e30” (6 LSRWEN BN BWED.

S@e30s db® 07
© Plastics For Change

L Y

PET HDPE PVC LDPE OTHER

POLYETHYLENE HGF
FTEREPHTHALATE PO

WATER SHAMPOO CLEANING BREAD YOGURT TAKE-AWAY BABY

BOTTLES; BOTTLES; PRODUCTS; BAGS; CUPS; AND HARD BOTTLES;
JARS; GROCEY SHEETINGS PLASTIC STRAWS; PACKAGING; NYLON;
CAPS BAGS FILMS HANGERS TOYS CDS

a_bf -
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DD oD WG crBe®S, DS S ) 330 WD
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DRB e, 56 5w setd erle ®Tm.

aec OHDO o3, BEG 58 DG BYe SeISODOBS
ceene 8 ar® oo e8nmO S@eddn @Ed® 02-05 5 @
5B BBeRe® ®DO®D B DO 6ENEIBH . MR
B6d ) 6@ Beed g B30 B ®uwD.

Q6 @ Ree DA SRS
© Blue Iylarble Water Solutions, LLC
-

=

»ye S0 © SciTechDaily

-

»ge S@e30m (Micro Plastics)

e Se30s oy B BOY 05 O D) i) DBDBHEES
S B3@e30x iR 0. 688 HOOOT il BBew] SOV
0.1 98 wth § B0 “»ren’ S@eids" »8 68.

e S@E30s 08D 5 EOBBD 6L BB WG HID.
BRBOO 5 O B8 ) 6@ MHBWD BEereHn DO®
SB@e30s 5908w Bye Sed0s s, alm 8Ot DB®,
Bedes 8 ABO 0 ORD Fydn 6cHBO BB (Use o LbrapYlene
NI ) DE )60 cSO® S@e3dn EOBBD Dy
B30 6@t HTERED. Nylon

® Swe See30w - Micro beads, exdmmedes, Ozes@®ms
e®s, are® 5t 6mermS SEIE30S Hdesernde
.

Polystyrene

Polyethylene 1
® OO OB FDLINEEA 3Rt BO® DD s =
B5E0B ®6®) BEIBORD 6m3 Gued doned. §Hed Polyester / polycrtiene

(37605 35 PEIOBD GTEHOD 65e6®.

Others - includes Azlon,

® 500 SBTTOE B GENESES Fo® 65 polyacrylates and copolymers
(53@©5625/@£®©@)(§ A 635) c®® Oﬁﬁ)(ﬁ&@ g@?s Source: Orb Media / State University of New York Fredonia m
®DOEO EBDO O® gm0, OWEO 506C3® : :
BBMEBE Beidmdm (endocrine disruptors) 8.

Prevalence of microscopic plastic fibers by sample source location

6®® BPesne®n OB HNOBD Wye S0 Gzes@D®s
58e50em0E, eMN6BBOE TG HTm.

eMEERT B0 S8enNcHD 6@ ot Lha L
@83 g wesg waew © EJAtlas

83% 94% T2%

94% Beirut,
C Lebanen New Delhi, ' ,}ﬁ.ﬂ,

< Jakarta, &
\/lndouesia@
750, Quito, | - 8 5
&) " S0
Kampala, ¢ M)

Uganda

Source: OrbMedia, 2017 8DW

D@ ®E BEeE ®YOD SEdn O & BBD CODd
DE ®E &6 &8 S0 §BBD®G
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48 D 6t3m) 6O &8 oo, DBBS W) OO0
GDBHERD DRI GrSHDG ®Im. 600 wWae S0
©2IB6NBRBS 6@ BEIGHD &S D0, BED) GEOD
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K s

5 um 20 96 ©8 8 aEe 10 pm
— S3@83x © Antonio Ragusa o

& oD QR Be o sHeendS, Bue ®ses6e6
€59 eEOBd BB @MOE e S0 ard® O
290z B g, D@ 6DOG BOG ¢ Bae BS@e0s0s
ce®e O s O end B oo,

DGR 50D $D» Wb SISO
(Single Use Plastics /SUPs)

6@ S0 DBOOE 5O IO WO 8BEOBO Doerd
eEY. £HOHN 6@ 6GIHO 63, 6eNBS Vs - BBBR
®E, S0 B RO, e, Bws, o€, ®zdtedey eHED
erdB weEn. 6@ MDD SEe3dn B&encHDBS
50%z8 DO e5@#0 NS O SEe3dn 8.

OBO6D sOE ¢T» o SEI1ESd © MRW ‘

@ oD RE SISO
DEODMIDHOHEAE DB HBIHDEG

& Qo8 S3@E30E eHWEME, BNDDE 5 SEENDD
DEBWOING BB 8 e5Besd Bwgnm DWD end
2012 80 2018 58 mIR® G & & @omDO HBEMEB
0D ¢ B0 @G (YOS, BBOS, B LI
) 66588 Rf) grend) Beeiwz® BBo® 3,353.9 &
@80 8.

ges GO0 2019 et 2020 epDEHG DO® @ S@e30H
QOB 5 5B D), sDES cred.

OB®es 2019 2020
a8cos 342,703 MT | 288,806 MT
58 et 101,281 MT | 118,015 MT
a® o 443,984 MT | 406,821 MT

200 BB D) DO® WEEHE eorSens Dd)
@B Edress D® eesgds O gmd 2005 Beset
B30 epesgds 5.9% 5®gn 8) o DG e 9% SO
e8.

Qﬁg’;nm!ﬂgmofﬂnnic}pal“ash Collection in SriLanka

$8w dusupaaay husk &
Bultging  Slaughtar house cloth/garment wastos
380% 234% 8.04%

Polyhane and Plassic:
891%

Bio-degradable
( Shortterm )
58.67%

2®05) BB Do WO® @ WHE DR &S BoRSK
(Database of Municipal Solid Waste In Sri Lanka -2005 —
Ministry of Environment & Natural Resources)

ee3e®BD WO g8 6@t EnwD S@e30H aeseds
6@T® 60 938.12: SHG DD gmd DBS Do @OR
RS 6®Tw 60 300.30% (32%) O &md, 6@ 6013
638.12:5 (68%) Do wOH 6QIER.

By wesR ABOEO 6®JS 6D 261.82 (27.9%) & €
258D 68T 60 139.82 (14.9%) & ¢ SoRWE
©D» 6@ 60T 6D 70 (7.5%) & ¢, &5ex0 6®3Tw
e 8.45 (0.9%) &5 & Deewzd 6med® gm0, B cHHG
BB 600 605 419.47 (44.7%) & ¢ DB 66H.
55080 BEH) 6:IEDSeS 60T 6015 38.48 (4.1%)
= DB greled®m 60 erD.
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Ew0 epend eeeade® (Lunch sheet) BB 1523,
62388 @@ (Shopping bags) B 20 &5 39 ) epeeyde®
(Satchet packet) (2®®®D 6e30) 560 BBG® 016 BEOBO
8o ®760® 0, B 6:I®0 eIt BBHD 450 5®@%n
& 30e30s0 ey ®zel. (National Post Consumer Plastic Waste
Management Project, Central Environmental Authority-2013).
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DD HOEDD 5% 25290 BO® B3WEEIHEES DOGED
0B £330 DO ®D G 6.

2006.10.10 & &o» 1466/5 26 ®Tesd
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BBesemns DoHd HOe® Hein.
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2034/35
2017/09/01 8 &0 68023 (HDPE)
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BBesneme, 60O @) DG DHDB D6
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2034/36
2017/09/01 S@e30w €05 o) edenses DDa
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2034/38
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25O 8.
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1. https://www.earthday.org/solving-plastic-pollution-will-
help-us-stop-climate-change/ IPPCC — 850 million tons of
emissions from plsgics 26th May 2021

2. https://www.ciel.org/issue/fossil-fuels-plastic/ 99% plastics
from fossil fuesl

3. https://www.wwf.org.au/news/blogs/plastic-waste-and-
climate-change-whats-the-connection#fgs.arbag8 (WWF)-
30th June 2021

4. https://news.climate.columbia.edu/2020/02/20/plasti
production-climﬁ-change/ gas versus 0il20.02.20
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® When wastes are not properly
managed, they can pose significant
risks. Managing the waste using
biogas technology can provide
multiple benefits from the areas
of climate change mitigation,
environment (waste management),
organic inputs to agriculture,
energy, public health and other
socio-economic-environmental
perspectives.

®5yi Lanka has been confronted
with many new challenges from
restricted importation of chemical
fertilizer, draining of foreign
exchange, volatility and availability
of liquefied petroleum gas and
health and economic impacts of
COVID-19 pandemic.

® On-farm biogas systems can stand
as a very strong candidate to resolve
any of the associated challenge

|
: :_..-.'l;‘.:-ﬂ. ._: oot o
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Introduction

iogas technology refers to
B decomposition of organic matter

by groups of microorganisms in the
absence of oxygen. The resultant is a
mixture of gases and a digested organic
matter in the liquid or a semi- liquid
form, which is called the digestate.
This mixture of gases primarily consists
of methane (50%-70%) and carbon
dioxide (30%-40%). Commonly used
raw materials in biogas systems include
livestock and agricultural wastes,
other manure, municipal wastes,
agricultural residues, plant material,
sewage, industrial organic wastes,
industrial waste water and food wastes
etc. While biogas can refer to the gas
produced naturally or industrially,
biogas technology facilitates the organic
material to digest inside a man-made
vessel under controlled conditions
called a reactor (biogas digester)
system through the fermentation of the
biodegradable organic materials.

The biogas generation process
consists of four biochemical reactions,
and performance of different groups
of microorganisms are responsible
for the conversion of organic matter
into biogas and digestate. The final
phase of this conversion process is
called methanogenesis. Two groups
of microorganisms, i.e.acetoclastics
and hydrogenotrophes are involved
in this phase. They belong to one of
the oldest groups of living organisms
on earth. These microorganisms
were first observed in wetlands,
responsible for producing marsh gas
(Musafer, 2021). These organisms are
also commonly found in the gut of
ruminants, such as cattle, and in their
dung. As these microorganisms are
naturally found in nature and the places
where biodegradable organic matter is
largely found, such as farm yards, dairy
farms and open dumping sites, they
generate biogas wherever appropriate
environmental conditions prevail.

Biogas contains methane which is one
of the key gasses contributing to global
warming. Its Global Warming Potential
(GWP) is between 28-36 times more
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than that of carbon dioxide, considering
its impacts over a time frame of 100
years, and 84-87 times over a 20 year
time frame (IEA, 2021). While leaving
the organic matter unattended can lead
to generation of methane, capturing
and using methane through anaerobic
digestion can significantly reduce
greenhouse gas (GHG) emissions from
manure systems, mitigating the impacts
of climate change. An on-farm biogas
system can reduce methane emissions
from manure storage, handling, and
processing, and thereby reduce the
climate impacts by a ratio of 28:1 times
to 36:1 times over a 100 year time frame.

Evidence suggests that biogas was
first used to heat baths in Assyria nearly
3,000 years ago (Primmer, 2021) while
biogas has been identified as a clean
fuel since the late nineteenth century.
This technology was first tested in Sri
Lanka in 1973-1974 at a time when its
importance as a source of energy was felt
significantly, with the global energy crisis.
Thereafter, the governmental institutions
initiated research and development
activities and installed biogas systems
across the country. The role played
by the Department of Agriculture,
Department of Animal Production
and Health and the Universities of

Peradeniya, Ruhuna and Moratuwa in
this regard is commendable. This phase
was followed by the non-governmental
organizations and the private sector with
support from the provincial councils and
development agencies. By the year 2014,
it was estimated that about 7,000 biogas
systems had been installed in Sri Lanka
(Musafer, 2015; 2019) in households as
well as in the institutional and industrial
sectors where Sri Lanka Sustainable
Energy Authority, Lanka Biogas
Association and Sri Lanka Standards
Institute played a catalyst role. After
2015, some internationally supported
projects boosted biogas activities with
provincial councils while the private
sector invested in medium to large scale
biogas systems to manage their own
institutional and industrial organic waste.

Currently, the interest in biogas
technology is in a renaissance because
of inter-alia the rapidly growing threat
of human induced (anthropogenic)
global warming and climate change. The
attention has been driven to restrict the
unproductive generation and release
of methane into the atmosphere. It is
because methane is considered to be
responsible for a considerable amount
of global warming. As a result, biogas
technology is effectively deployed in the

capture and management of naturally
generated or industrially produced
methane. Treatment of organic waste
from different origins using biogas
technology helps in reducing overall
methane emissions. Further, waste
management and resource recovery
using this technology has gained wide
acceptance in the context of circular
economy.

Sustainable biogas systems are
multifunctional. They serve as a waste
treatment process; environmental
protection; for conversion of low-value
material to higher-value material;
production of heat and electricity;
upgraded into a natural gas or Liquid
Petroleum Gas (LPG) substitute,
and boosts public image. Electricity
generated from biogas systems are
dispatchable, and as such, can facilitate
intermittent renewable electricity,
unlike in the case of other sources of
renewable energy, such as wind and
solar energy. Further, use of biogas as
an alternative source of energy could
reduce the emissions associated with
the exploration, extraction, refining and
transportation of non-renewable fuels
including LPG. The multiples benefits
of biogas systems are depicted by the
following figure 1.
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Figure 1: Biogas

systems and their
multiple benefits
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Humans and human activities, directly
or indirectly, generate tonnes of organic
wastes. If the organic waste is poorly
managed or unmanaged, the rotting
waste would release methane and
other greenhouse gases directly into the
atmosphere as the waste decomposes.
Once the waste is recycled through
biogas technology, potential emissions
into the atmosphere can be mitigated
and the wastes can be turned into
valuable green resources, such as biogas
which comprises mainly bio-methane,
carbon dioxide (CO,), natural fertilizers
and other valuable bio-products. Even
when biogas is used as a fuel, the release
of CO, will have a less potent impact
(Primmer, 2021).

Biogas technology provides multiple
benefits from the areas of environment
(waste management), agriculture and
energy (Musafer et al., 2017). Biogas
also can be used as a substitute for LPG,
being an alternative energy solution.
This technology has been used as a
green technology in Sri Lanka for many
years. However, Sri Lanka is currently
confronted with three major challenges
where biogas technology could ease the
circumstances.

As a policy measure, Sri Lanka had

restricted importation of chemical
fertilizer. Such restrictions can help in
reducing negative health effects on the
populace due to chemical pollution, and
can make some foreign exchange savings
from nearly USS 400 million spent
annually on importation of chemicals.
Importation and use of chemical
fertilizer lead to foreign exchange drain
while resulting in negative implications
on people’s health and ecosystem
sanitation.

The volatility of availability of LPG,
which is used by households as
a cooking fuel. Relying on imported
LPG threatens the energy security of
the country while it leads to foreign

exchange drain as well as greenhouse gas

(GHG) emissions from their use and from
transportation.

The health and economic impacts
from the Covid 19 outbreak and
the necessity to ‘build back better’by
leading the country toward accelerated
development.

Under the contemporary circumstances,
the attention given to biogas technology
as a multi-faceted solution has grown
substantially. The prominence of it

as a technology to effectively handle
organic waste and as a sustainable
energy solution has extended to look
into the dimension of biogas systems in
agricultural inputs.

On-farm Biogas Systems

There is a growing demand and amazing
opportunities for development of farm-
based biogas systems in Sri Lanka (Figure
2). These biogas systems represent a
significant opportunity in capturing
additional value from agrifood products
and by-products while treating manure
to reduce odour and pathogens. As
farm-based clean energy becomes a new
on-farm product, more farmers may look
for ways to finance and establish biogas
systems in their farms.

One of the main products from the
biogas systems is the ‘digestate’ or
‘natural fertilizer’. It is the remaining
part after the degradation of substrate
(feedstock, input material) originally fed
into the biogas digesters and treated,
and the extracted energy in the form

of biogas. Digestate contains water,
nutrients and organic carbon, which are
suitable for soils. This may be used as a
bio-fertilizer and applied to agricultural
lands as ‘whole digestate’, composted, or
separated into liquid and solid fractions
before being applied to land (Jain, 2019).
Further, elemental fertilizers may also be
extracted from the digestate which can
be used for more targeted applications.

Nutrient Recovery

and Applications in
Agriculture

The biogas digestate is rich in organic
matter and nutrients such as nitrogen,
phosphate and potash, and can be
applied to land for the recirculation and
return of nutrients and carbon to the
soil. Recycling organic wastes through
biogas technology is also a nature-
based solution that is part of the natural
carbon lifecycle (Primmer, 2021). The
nutrients in the digestate become more
available for plant absorption. Further,
the anaerobic digestion of food waste
and sewage can recover the nutrients
that otherwise would have been lost to
landfills or water bodies. As the quality of
soil in many parts of the world is shown
to be at risk of depletion of organic
carbon, replenishment of nutrients and
carbon to soil by applying digestate into
the soil can bring in additional benefits
(Jain, 2019). Quite frequently, the

Figure2:1nlet and bio-gas outlet of the underground

bio-gas unit © Sri Lanka Red Cross Society
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nutrient recycling benefit of anaerobic
digestion can possidly be underestimated
in current literature.

The diluted digestate could be
successfully used as a hydroponics media
for leafy vegetables, and as an insect
repellent (Weerasinghe et al., 2009). The
digestate also can be used to create an
efficient bedding for fish tanks. Further,
Indian researchers have demonstrated
the enhancing solubility of rock
phosphate after being treated with the
biogas digestate. These findings open-up
a prominent pathway for efficient usage
of Eppawela phosphate to support the
organic drive in Sri Lanka.

The composition of the fertilizing
agents in a digestate can vary
significantly, depending on many
external factors including the substrate
type that is input into the biogas system
and the weather conditions to a large
extent. This means that the composition
of digestate varies substantially subject
to the composition of the substrate,and
based on the operational parameters of
the biogas digester. In most applications,
the digestate produced by the biogas
systems is found to be a sound source
of nutrients, including more readily
available nitrogen which is vital for crop
production (figure 3). However, higher
availability of nitrogen can also lead to
nitrogen losses along the supply chain,
the links being storage and handling as
well as application through volatilisation
and leaching (Drosg et al., 2015).

When substrates as human wastes
and animal manure are anaerobically
digested at higher temperature

pllca dl_g‘gs
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(thermophilic phase at around 55°C), it
facilitates destroying weed seeds and
prevents many pathogens from entering
the watersheds. This helps in protecting
both animal and human health. The
digestion process also removes odour
compounds from the raw substrate,

leading to maintaining a pleasant
environment.

It is also found that anaerobically
digested slurry contains higher
concentrations of plant hormones (Li et
al., 2016). Another main use of digestate
is its use as a soil conditioner. It
improves moisture retention capacity of
the soil due to high organic content and
protects the soil against soil erosion.

The nutrient-rich by-product of
the digestate generated as a result of
anaerobic digestion of input substrates
is a key to economic benefits for the
farmers from the perspectives of
cost savings. The farms can benefit
from reduced commercial fertilizer
requirements and related costs by
recovering and transforming lost
nutrients into soil amendments (any
material applied to the soil in order
to improve the soil) by applying the
digestate on the soil. Compared to
the raw manure, the conversion of the
nutrients into more accessible form for
the plants uptake could boost soil health
to increase the crop yield.

An on-farm biogas system can
economically help the farms in
generating an additional income. The
farms may have to spend money on
disposal of their waste unless there is an
internal use of the organic waste or the

Climate Change Mitigation and Anaerobic Digestion Technology for Agriculture Industry: On-Farm Biogas Systems

farms are linked to an internal or external
waste management system. Having an
own biogas system to manage organic
waste offers the opportunity to avoid
payment of tipping fees or incurring
related costs where applicable. This
would boost a farm’s revenue in terms of
reduced expenses. If there is no internal
use or the internal requirements are

less than the production, the farms can
directly sell or further process and sell
the digestate, generating opportunities
through off-farm sales. As a nutrient
enhanced by-product, digestate can fetch
a good market value, catering to non-
chemical agricultural input demands and
yielding an additional income.

Generating heat and electricity from
the biogas systems (separately or as
combined heat and power — CHP), biogas
being a source of sustainable energy
would lessen the farm’s dependency
on grid electricity or fossil fuels. The
generated energy can be used in many
energy applications including for own use
or to sell electricity by feeding into the
national electricity grid at a reasonable
price. The feed-in tariff for the electricity
generated from biogas and fed into the
national grid can be quite competitive
even if no preferential tariffs are paid.

On the other hand, biogas can be used
for heat applications, such as cooking,
producing hot water or heating buildings.
It can be a substitute for LPG, natural
gas, electricity or fuelwood. Besides
these applications and if sale of biogas

or electricity is not lucrative, the biogas
or electricity could also be shared with
neighbouring farms. Further, farms with
on-farm biogas systems could also be
energy independent and reap benefits
from reduced heating and electricity
costs. The heat also can be used for the
purposes such as heating incubators,
greenhouses, and grain drying, while

the biogas can directly be used in water
pumping, agricultural machinery and
operating vehicles [similar to the use

of Compressed Natural Gas (CNG) and
lighting (illumination). Converting organic
waste into biogas can even be considered
as a risk mitigation strategy to increase
the farm’s resilience in the face of some
of the supply chain issues and market
volatilities.
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Capturing of and using methane
through biogas systems can significantly
reduce greenhouse gas emissions from
manure systems, while mitigating the
impacts of climate change. Management
of organic waste using biogas technology
by the farms would reduce the
environmental footprint of the farms
and enhance their environmental
stewardship and agronomic value as
well.

Biogas in Circular
Economy

Circular economy focuses on minimizing
the resource use as inputs while
reducing the waste creation, carbon
emissions and pollution, etc. Routing
organic waste through biogas systems
offers the opportunity of reaping the
benefits of the ‘circular economy’
(Fagerstrom et al., 2018). These systems
attempt to keep the material, products,
equipment, and infrastructure etc., to
be used for a prolonged time period.
Such a system facilitates the linking up of
different phases of material extraction,
transportation, manufacturing, usage of
products, after-use and closing the loop,
deviating from the previously practiced
linear economic processes of channeling
organic waste to dump yards or landfills,
following a take, make and waste
(cradle to grave) approach (figure 4,5).
Biogas technology handles the waste

in a sustainable and circular manner
recovering the nutrients and other
ingredients helpful in agriculture and
food production, as well as contributing

.

Figure 4: Food waste into greer;" :ﬁ . :
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Figuré 5: Organic waste into liquid
fertilizer and high-quality biogas,
Kuliyapitiya © Green Energy Champ

to the reduction of energy consumption,
while extending the product and service
lives in a sustainable, environmentally
friendly manner.

Industrial Symbiosis and
Biogas Systems

There is a potential to integrate biogas
systems in industrial symbiosis as well.
Industrial symbiosis can be seen as

a subset of industrial ecology, where
different wastes of one industry is used
as an input raw material in another
industry. Many such arrangements
within a close proximity can lead to

a network of different organizations
working together, inter-dependent,

for mutually profitable transactions
thereby reducing the environmental
footprint of the relevant industries. Some
research and modelling are underway
on industrial symbiosis between biogas
systems and nutrient deficient industrial
wastewater treatment plants.

Greenhouse Gas (GHG)
Abatement by Biogas
Systems

Quantification of methane emissions
related to the biogas sector is a

new topic. This can be of significant
interest to the scientific and industrial
communities in pursuit of assessing the
contribution by and the sustainability
of biogas systems. Further, the
methodologies for quantifying methane
emissions from biogas systems have

also been developing over the recent
years. Several methods are being used
for this purpose with a variety of data
sets provided by different international
teams. Accordingly, the results given

in literature have large differences.
Therefore, the methods used and the
documentation and reporting of the
results need to be harmonized in order
to obtain comparable and representative
results in the future. Hence, it is quite
difficult to provide general and average
numbers for methane / GHG emissions
from components or complete biogas
systems (Liebetrau et al., 2017).

There is a tremendous quest from

the practitioners and researchers to
obtain a one-time emission factor for
general wastes. However, as emission
factors can significantly vary as per the
circumstances, it is quite difficult to
declare a common value.

Despite the above constraints, the
United Nations Framework Convention
on Climate Change (UNFCCC) has
published a methodological tool for
calculating project and leakage emissions
from anaerobic digesters under the
Clean Development Mechanism (CDM).
According to the tool, the methane
emissions from biogas systems include
the unused biogas (can be defined as
leakage) and emissions from storage
of the digestate (Note: this tool is not
applicable to other systems where waste
may be decomposed anaerobically such
as stockpiles, solid waste disposal sites
or un-aerated lagoons). The emissions
accounted for in this tool include
CO, emissions from consumption of
electricity and fossil fuels associated
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with the operation of the biogas system,
methane emissions from the digester
itself and from flaring of biogas. The
emissions from the digester include the
emissions during maintenance of the
digester, physical leaks from the roof and
side walls, and release of biogas through
safety valves due to excess pressure in
the digesters.

The sources of leakage emissions
accounted for in this tool include
methane and Nitrous oxide (N,0)
emission from composting of digestate
and methane emissions from the
anaerobic decay of digestate disposed
in solid waste disposal sites or those
subjected to anaerobic storage, such as
in a stabilization pond. This tool provides
two different procedures to determine
the quantity of methane produced in
biogas digesters. The large scale are
to monitor, measure and determine
the mass flow of a greenhouse gas in a
gaseous stream, while the small scale
biogas system can adopt the same
procedure or use a default value for
the fraction of methane in the biogas
associated with the measured flow of
the biogas. These measurements are
the quantity of methane produced in
the digester and the amount of biogas
collected at the digester outlet. Use of
the default value corresponds to the type
of digester used in project activity which
shall be identified by manufacturers’
information (UNFCCC, 2012).

mp ma

Considering the above discussions, it
can be summarised that biogas systems
can contribute towards abatement of
GHG emissions by subjecting organic
waste streams to anaerobic digestion
in a number of ways such as avoiding
emissions from fossil fuel burning,
manufacture of inorganic fertilizer,
landfill emissions from food waste
digestion, manure management and
burning of crops (Jain, 2019). At the
same time, it is important for the
designers and operators of the biogas
systems to minimise the associated
project and leakage emissions of
methane from anaerobic digestion
(figure 6).

Carbon Neutrality of
Biogas Systems

Anaerobic digestion is simply the
natural process that takes place when
biodegradable material is broken
down in an oxygen free environment
in the presence of some anaerobic
microorganisms. When the rotting
wastes are channeled and recycled
through biogas technology, methane
emissions from these are trapped and
the fossil fuel use is displaced, and the
need for artificial fertilizers is curtailed.
Moreover, the biogas CO, can be

used in the applications of industrial
processes or permanently stored using
carbon capture, utilisation and storage

technology. When all these emission
reductions are accounted for, anaerobic
digestion can be considered as a carbon
negative technology versus business-
as-usual scenario (BAU) (Primmer,
2021). Accordingly, biogas technology
contributes to curtailing of climate
change mitigation (reduction of GHG
emissions) (figure 7).

Nationally Determined
Contributions

Sri Lanka has submitted its updated
Nationally Determined Contributions
(NDCs) to the United Nations Framework
Convention on Climate Change in July
2021. Although it has remained a
low-carbon-intensive country in terms
of low per capita carbon emissions, it

is ranked among the most vulnerable
countries to climate change-induced
hazards. Despite these, in its revised and
updated NDCs, Sri Lanka presents an
ambitious 4% unconditional and 10.5%
conditional reduction of greenhouse gas
emission commitments compared to the
Business-As-Usual (BAU) scenario for the
period of 2021-2030 from six sectors:
power (electricity generation), transport,
industry, waste management, forestry,
and agriculture. Biogas technology could
be a strong technology candidate in
delivering these national obligations to
the global community (MoE, 2021).

__Using waste vegetable
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Capabilities of Biogas Technology

Energy: Biogas, as a renewable fuel, can replace the need to extract fossil
resources for energy.

Fertilizer: Biogas digestate is a renewable fertilizer rich in key nutrients, nitrogen,
phosphorus, and potassium (NPK), recovered from the nutrients of the substrate
- input organic material. This reduces the need to produce non-renewable mineral
fertilizers.

Waste management: Organic wastes can rot and release potent GHGs, such as
methane, directly into the atmosphere unless properly managed. By treating
them through biogas technology instead, these otherwise harmful GHGs are
converted into valuable bio-resources.

Agricultural crop residues: Typically, most of agricultural wastes are either left
to rot resulting in releasing of CO, and methane or burnt, releasing harmful
particulate matter into the atmosphere. Biogas technology can avoid these
emissions while delivering ecosystem services.

Livestock manure and slurry: Often, farmers spread raw manure such as pig
manure directly to land untreated. This practice emits vast quantities of methane,
ammonia, and nitrous oxide, gases with high global warming potential worse
than CO,. Biogas technology reduces these direct emissions while returning the
nutrients and valuable organic matter available in manure back to the soil.

Food waste: If the organic wastes are not separated out from other municipal
wastes, this valuable bio-resource is often sent to landfills. This can lead to
generate methane and emit to the atmosphere while producing toxic chemical
leachate that can seep into nearby waterways.

Sewage and industrial wastewater: Raw sewage can emit GHGs, pollute
ecosystems and spread disease. Biogas technology can prevent all these negative
impacts, while supporting health, economy and social status of the local
communities.

Bio-CO,: Many industrial processes such as food and beverage manufacturing
require pure carbon dioxide. The CO, content in biogas can be captured at such
industries with bio-CO,.

(Primmer, 2021)

Sri Lanka also commits to achieve
70% renewable energy in electricity
generation by 2030, carbon neutrality
in electricity generation by 2050,
Carbon Neutrality by 2050 and
adding no additional capacity of
coal power plants. Further, Sri Lanka
has launched some major initiatives
such as restricting the importation
of agro-chemicals and chemical
fertilizer, promoting application of
organic fertilizer and organic farming,
adoption of Colombo Declaration on
Sustainable Nitrogen Management
with an ambition to halve the nitrogen
waste by 2030 and promoting circular
economy (MoE,2021). There had been
many planning interventions that
took place in the country aimed at
realizing these commitments by many
government and other agencies. (Ex.
Ninth Biennial Sri Lanka Conference
on Science and Technology organized
by National Science and Technology
Commission, which paid special
attention to biogas technology)
(NASTEC, 2023). These could also help
realize ambitious NDC targets, where
biogas technology could be one of the
appropriate options (MoE, 2021).

Out of the six sectors identified
for mitigation NDCs of Sri Lanka,
biogas technology can directly and
comprehensively contribute to five
sectors, namely, electricity (power),
transport, industry, waste management
and agriculture NDCs. This document
identifies the adoption of biogas
technology where composting is not
practically applicable under the waste
management sector, and introducing
biogas digesters for large scale
livestock, poultry, dairy processing and
abattoirs under adopting renewable
energy for livestock applications in
the agriculture sector. This document
also states about efficient and effective
waste to energy systems, which can
include biogas technology. A detailed
and a complete analysis and exercise in
revising the NDCs may have captured
a prominent role for the biogas
technology in Sri Lanka’s development
endeavours.
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Challenges Encountered
by On-farm Biogas
Systems

Despite many benefits biogas systems
offer to the farming community (figure
8), there are some significant challenges
the Sri Lankan farmers need to overcome
in developing on-farm biogas systems.
The prevailing environmental laws and
regulations have some restrictions in
applying digestate directly into soils

or water bodies. The lack of clear
standards and guidelines pertaining to
biogas digestate as an agricultural input
makes it hard to select what is allowed
and what not to apply. Further, the lack
of good analysis of different available
types of digestate makes it hard for the
decision makers and regulators to make
clear cut decisions. Due to this reason or
others, there are no proper guidelines
and regulations applicable to biogas
digestate. Lack of localised research

and analytical information prevents the
formulation of science -based decisions.

The other barriers to on-farm biogas
systems are the low level of agricultural
or livestock concentration in a particular
area and economies of scale. As the
prevailing farms are quite fragmented
and most of them are small in scale,
the manure cannot be processed in an
economically viable manner. Further,
there are no favourable financing
schemes or promotional programmes for
biogas systems in the country in place
at the moment. Therefore, the farms
have to rely on conventional sources of
financing. As there are only a few on-
farm biogas systems, even the decision
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makers of the financial institutions tend
to adopt a risk aversive approach due to
lack of proven evidence.

Some of the biogas systems, especially
the low rate biogas systems can also
leak methane into the atmosphere as
discussed above. These systems have
to be constructed without leaving
provisions for any such leaks. While
emergence of any leak should be
continuously monitored in case such
a leak is detected, leakages have to be
fixed to mitigate the negative impacts
of this technology. As methane is a
combustible gas, leaks can lead to fire
hazards, and necessary precautions
must be installed to prevent fire related
accidents.

National Biogas Standards

Sri Lanka Standards Institution initiated
the setting of national standards related
to mid-size farm and institutional biogas
systems about a decade ago. It occurred
after establishing the national standards
for domestic (household type) biogas
systems of 6-12m3 of capacity in the
year 2006 (SLSI, 2006). Availability of
such standards could help the farmers
to decide on establishing their on-

farm biogas systems with confidence,
supported by sound quality assurance
and after-installation service.

Analytical Data and
Quality Assurance

Reliable data collected from good
chemical and physical analysis of the

substrates and digestate are strongly
required for Sri Lanka. Providing some
indications on the suitability of different
types of digestate and their applications
as an agricultural input can boost their
confidence. Therefore, quality control
and assurance of the substrate is vital

in ensuring a quality end product
digestate. The content and composition
of the arriving substrate have to be
characterized on-site as thoroughly as
possible before being input into the
biogas system.

Operational and
Monitoring Aspects of
Biogas Technology

In the Sri Lankan context, instability or
failure of biogas systems are reported
particularly because of the low rate
anaerobic digesters used for organic
solid waste treatments. The reasons for
such can be attributed to the changes in
composition of substrates (mainly due to
seasonal variations), adverse operational
and environmental conditions, and
inhibitions due to toxic substances

etc. Lack of proper pretreatment of
substrates too can lead to failures of
biogas systems. If the experts are not
involved in designing, construction

and operationalizing and maintenance
of biogas systems, these can lead to
failures resulting in gas leaks and not
reaching designed volume, flow rate
and pressure of the biogas. Further, lack
of making arrangements to measure
required parameters and inadequate
knowledge of personnel also affect in
not quantifying or poor quantification of
biogas generation and use. This makes it
impossible to estimate the related GHG
emission reductions.

To popularise and disseminate the
biogas technology among farming
communities, these challenges must
be overcome and a more efficient,
lower cost, easily operable biogas
reactor systems must be introduced.

It is paramount to operate the biogas
systems at the optimal conditions so as
to produce high quality organic fertilizer
(Figure 9).
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Enhancement of
Performance Efficiency of
Existing Farm-scale Biogas
Systems

It is vital to provide conditions favorable
for the anaerobic microorganisms. Due
to lack of proper mixing of the content
inside the biogas digester, the production
of biogas can be reduced by even up to
40%. To enhance mixing, mechanically
operated impellers can be installed inside
digesters. Also, to improve hygienisation,
the content inside the biogas digester
can be heated using hot water generated
by burning the biogas produced by

the same biogas system. Co-digestion
(digestion of multiple organic wastes in

one digester) is another way to increase
favourable conditions for microorganisms
and improve production of biogas, by
adding additional material to substrate
to enhance its composition favourable
for biogas systems. All these measures
can lead not only to produce more
biogas, but also to produce more organic
fertilizer of higher quality.

Modification and
Enrichment of Digestate

Sound recommendations from the
experts as to how to modify and enrich
the digestate to suit different crops, soils
and seasons should add further value to
the farmers (Figure 10). If an authorized
competent body can stipulate relevant

specifications and quality standards, then
the direct or processed digestate can be
marketed in large scale with branding

to be bought over the counter from
different parts of the country in bulk or
retail where there isa demand. In order
to cater to on-farm community and a
wide range of customers, the existing
biogas industry in Sri Lanka may have

to deviate from conventional biogas
systems and adopt specifically designed
biogas systems for in situ medium to
large scale and high-rate biogas systems,
where some of them have to operate

in the thermophilic range, to reduce
space requirements, reach economies of
scale, produce the digestate and biogas
quicker, and make the process efficient
and useful to all concerned.
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Conclusion

The interest in biogas technology is in

a renaissance of interest, because of,
inter alia, the rapidly growing threat

of anthropogenic global warming and
climate change. The attention has been
driven to restrict the unproductive
generation and release of methane

into the atmosphere from the farmland
(livestock and crop agriculture) which

is considered to be responsible for a
considerable amount of global warming.
There is a growing demand and greater
opportunities for development of
farm-based biogas systems in Sri Lanka
where importation of chemical fertilizer
is restricted as a policy measure. The
biogas digestate is rich in organic
matter and nutrients such as nitrogen,
phosphate and potash, which can be
applied to land for the recirculation
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