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BWA Barbados Water Authority

BADMC The Ba.rbados Agr.icultural Development and
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EXECUTIVE SUMMARY

The United Nations Office for the Coordination of Humanitarian Affairs ranks Barbados among the top
ten most water-stressed countries in the world. Given the limited availability of surface water; the
country is almost entirely dependent on groundwater from aquifer sources. A Green Climate Fund
preparation project has been developed by the Government of Barbados, the Barbados Water
Authority (BWA), and the Caribbean Community Climate Change Centre (CCCCC) with the goal of
incorporating climate resilience into Barbados' wastewater systems, with a focus on the South Coast
Sewage Treatment Plant (SCSTP).

The general objective of the Project is to increase Barbados’ water resilience to Climate Change with
a focus on increasing water security and improving environmental conditions through the upgrading
of the existing SCSTP, construction of a new water reclamation facility, installation of up to 25km of
pipelines, the development of a 7MW solar facility and through institutional strengthening. The
proposed strategy to mitigate against the issue of water scarcity in the island would see the tertiary
treatment of wastewater to a standard that would allow for the provision of the treated wastewater
for irrigational purposes and for aquifer recharge. As the primary beneficiaries of the outcomes of the
Project are those in the agricultural industry, in addressing water scarcity, food insecurity would also
be offset.

The Project area encompasses the existing South Coast Sewage Treatment Plant located in Graeme
Hall, adjacent to Graeme Hall Nature Reserve/Swamp (a protected site in RAMSAR) to the south, the
Department of Agriculture Research Station to the north, and Harmony Hall to the east. The BWA has
highlighted their intention to pump the treated wastewater from the reclamation plant to a catchment
pond, buried storage tank or some other storage mechanism in the Staple Grove area, to then be
gravity fed through to the Browne’s Catchment Pond at River Plantation to contribute to the irrigation
scheme. The disinfected and filtered reclaimed water will be allocated to agricultural users for use on
edible food crops and for other agricultural irrigation purposes to support the expansion of agricultural
activities and food security in Barbados.

The social assessment conducted targeted communities within 1 km of the Project area to determine
how the different components of the Project could prove impactful to nearby communities, even those
not directly a part of the sewered area. There was wide acceptance of the intended outcomes of the
Project, particularly in the farmer populace and those who acknowledge the issues of water scarcity
and food insecurity, as well as inflated consumer costs. The concerns raised regarded the potential
disruptions in traffic, particularly as it relates to accessing communities, businesses and places of
religious significance. The installation of the pipeline proved to be the most potentially problematic
due to the spatial extent of the planned works and the likelihood of the works disrupting not only
traffic, but business operations and agricultural activity. Furthermore, as the proposed route of the
pipeline runs along the historic trailway, the Future Centre Trust who serves as the organization who
assumes responsibility of the conservation, restoration and development of the trailway and its assets,
highlighted the need for appropriate measures to be taken so as to not undo or decelerate the progress
of the works that the Trust has undertaken.

These measures, and other measures to mitigate against different physical, ecological and social
impacts were constituent of the different management plans prepared. These management plans
formulated the Environmental and Social Management Plan (ESMP). The ESMP included the following
management plans:

Environmental Health and Safety Management Plan
Social Management Plan

Security Management Plan

Workers Health and safety plan

PwnNE
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Emergency Response Plan

Contractor Management Plan

Labour Management Plan (including Code of Conduct and GBV Prevention)
Heritage Management Plan (including Chance Find Program)

Stakeholder Engagement Plan

10. Grievance Redress Mechanism

WX NoW

The abovementioned management plans were prepared to propose the measures to be taken to
mitigate against and address issues related to air pollution, noise and vibration pollution, flooding,
disruption of biological communities, social conflicts, health and safety of workers, interruption to local
businesses and livelihoods, gender inequality in the workforce, community road safety, and utility
management and coordination. Common management and mitigation measures proposed included
demarcating construction zones, training staff, providing appropriate equipment, and communicating
with communities and the public.
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1 INTRODUCTION

The Government of Barbados, Barbados Water Authority (BWA) and the Caribbean Community
Climate Change Centre (CCCCC) have developed a Green Climate Fund preparation project aimed at
building climate resilience into the wastewater systems of Barbados, specifically for the South Coast
Sewage Treatment Plant.

The South Coast Sewage Treatment Plant (SCSTP) is located in Graeme Hall, Christ Church, Barbados.
This plant was designed to treat approximately 9,000 m3/day of wastewater, through a series of
course, medium, and fine screens, with “advanced preliminary standards” at the Graeme Hall Wetland.
The screened wastewater is pumped through a force main to a marine outfall.

This document constitutes an addendum to the Environmental and Social Impact Assessment Report
(ESIA) of the South Coast Water Reclamation Project that was prepared by NEMUS. This assessment
was done in the context of the Consultancy for the Development of the Environmental and Social
Management System to consist of the updated versions of the Environmental and Social Impact
Assessments and Environmental and Social Management Plans for Climate Resilience Wastewater
System in Barbados Preparation Project.

Section | of this report seeks to address the gaps that were identified in the assessment conducted and
the findings of which constituted the aforementioned ESIA. It will also include different risks and
concerns that have been identified during the gap assessment.

Section Il of this report constitutes the management plans that include recommended management
and mitigation measures to be implemented in response to the potential risks and concerns
highlighted in Volume | of this report.
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2 PROIJECT OVERVIEW AND BACKGROUND

2.1 Project Justification

Barbados is an independent island republic located in the Lesser Antilles of the West Indies. The
country covers 430 square kilometres, stretching 34 kilometres in length and 23 kilometres wide, from
east to west. It ranks among the top 10 in the world’s most water scarce countries?, with a reliance on
the country’s freshwater sources. Barbados is also challenged with the issue of food insecurity -
Barbados relies on imports for almost all of its food needs; agriculture accounts for less than 2% of
island’s GDP. Additionally, Barbados is also notably vulnerable to the impacts of climate change,
including Atlantic hurricanes and tropical storms, whose intensity is projected to increase, as well as
temperatures leading to droughts and heat waves, and to an increase in evapotranspiration rates
thereby reducing soil moisture, infiltration and aquifer recharge. Furthermore, reduced rainfall and
sea level rise? have reduced the availability, quality and reliability of fresh water. As a consequence,
the country faces water shortages and rationing as well as competition over water between tourism,
agriculture and other sectors®.

In light of the water scarcity issue, The Barbados Water Authority (BWA) is the government entity with
responsibility for providing the island with potable water, wastewater treatment, and disposal services.
BWA also serves as a regulator for water resources management because there is no separate
institution with that legal function. The BWA currently operates two Sewage Treatment Plants:

e The Bridgetown Sewage Treatment Plant (BSTP); responsible for the secondary treatment of
waste, and

e The South Coast Sewage Treatment Plant (SCSTP); responsible for the primary treatment of
waste.

Both of the aforementioned sewage treatment plants discharge effluent water into the sea; the sludge
generated from the Bridgetown Plant is disposed of on land, and that of the South Coast Treatment
Plant is collected and disposed of in the island’s landfill.

Barbados' wastewater management systems have been under pressure due to a combination of
factors including climate change and rising demand in the island's sewage-collecting regions. The
Barbados Water Authority (BWA) states that in order to raise tolerance to climate change (CC), a
transformative shift in wastewater management practices' resilience building is intended to be
initiated. For instance, producing green resources from wastewater will lessen the need for fossil fuels;
also, cleaned tertiary effluent may be reused for other applications, easing the strain on the world's
finite water supplies brought on by climate change.

The systems will be able to operate effectively and efficiently if resilience is increased and the climate
hazard that affects these plants is addressed. However, by implementing technologies that improve
wastewater systems, the nation can now access water resources that would not have been used for
agricultural purposes. This would assist in mitigating certain water scarcity concerns that the island is
facing, which are compounded by climate change. These steps will support continuing initiatives to
strengthen Barbados' water sector's resilience to climate change, which also would be constituent to
the initiative to reduce the impacts of food insecurity partly influenced by the lack of climate resilience
in the water sector.

" https://reliefweb.int/report/barbados/barbados-country-profile-may-2022

2 Over 80% of the drinking water resources are linked to shallow coastal aquifers, highly responsive to
droughts, and sea levelrise.

3 Lifted from the BA-L1063 Project Profile.
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2.2 Project Objectives and Components

The project's general goals are to:

- Improve water supply resiliency by increasing the availability of potable water through the
reuse of reclaimed wastewater for agricultural irrigation;
- Reduce water insecurity through reuse of reclaimed water to recharge aquifers;
- Strengthen key sector institutions on water resource management, operational efficiency
monitoring and gender mainstreaming.
These general objectives should be achieved post the successful implementation of the following
Project components®:

- Component 1. Water Reclamation Infrastructure (US$60 Million)

This component will finance the construction of the New South Coast Water Reclamation and Reuse
Facility (SCWRRF) with an average dry weather flow (ADWF) of 9,000 m3/day under a Design Build
EPC/Turnkey modality and Operations and Maintenance (O&M) costs for a number of years. It will
include all process units and ancillary facilities to provide secondary and tertiary treatment for the
liquid stream, followed by an Advanced Water Treatment (AWT) side stream including safe and
sustainable treatment and management of the sludge (solid stream) with the aim to reduce GHG
emissions and considerations for circular economy. Due consideration will be given to the use of energy
efficient equipment, renewable energy sources and Smart Water Infrastructure Technologies. This
component will also finance the Upgrade of the existing South Coast Sewage Treatment Plant (SCSTP)
by refurbishing or replacing equipment in the existing influent lift pump station and headworks
including interconnecting piping to the SCWRRF and the design and installation of the odor control
system. Due consideration will be given to the use of energy efficient equipment and Smart Water
Infrastructure Technologies

- Component 2: Reclaimed Water Reuse (US$18.5 million)
This component will finance:
Sub-component 1 - Agriculture Reuse of Reclaimed Water consisting of the installation of a 25 km
pipeline for transporting reclaimed water for irrigation of approximately 160 hectares at River
Plantation along the old trainline (“Trailway”) and ancillary equipment, and a high-water mark
catchment area to allow for the irrigation pipeline.

Sub-component 2 - Aquifer Recharge Infrastructure consisting of the installation of 4 km water
pipeline, 5 injection wells, 6 exploratory boreholes, 3 monitoring wells, 3 abstraction boreholes and
pumping stations, and ancillary equipment for aquifer recharge, with due considerations of resiliency
and adaptation to climate change measures as well as low carbon emissions

- Component 3: Climate Change and Biodiversity Opportunities (US$16 million)
Sub-component 1 — Graeme Hall Swamp Conservation will support the development and
implementation of a Monitoring Plan for the Natural Heritage Conservation Area (Land and Marine,
inclusive of the Graeme Hall Swamp, associated beach and buffer zone). The coverage of the
Monitoring Plan will include biodiversity (such as flora and fauna of the freshwater sedge, mangrove
swamp, seagrass bed and coral reef complex), hydrogeology, soils, general land use and community
engagement, where climate mitigation and adaptation impacts are crucial, and conservation and
biodiversity benefits realized. The Monitoring Plan will guide the development of the Integrated
Management Plan for the Natural Heritage Conservation Area, inclusive of the Graeme Hall Swamp,
associated beach area and buffer zone.

4 As per the BA-L1063 Project Profile
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Sub-component 2 — Solar Energy Generation with Battery Storage consisting of 7 MW solar
photovoltaic plant and associated energy storage capacity, increasing the sustainability of the
Barbados’ power grid, and also fostering the resilience of BWA’s pumping stations, and mitigating the
additional carbon footprint of the upgraded wastewater treatment facilities. The solar panels will be
co-located with existing solar energy facilities located at BWA’s central pumping stations serving the
main population areas

- Component 4: Institutional Strengthening (USS1.5 million)
This component will finance institutional strengthening of the executing structure, including the Fair
Trading Commission (FTC), Government Analytical Services (GAS) laboratory, Ministry of Agriculture,
Food and Nutritional Security (MAFS), Environmental Protection Department (EPD), Barbados
Agricultural Development and Marketing Corporation (BADMC) Irrigation Engineering Unit, and
Barbados Water Authority (BWA) to improve governance, efficiency, and sustainable management of
water resources. Potential activities include: (i) Improving the governance and project management
capacity of BWA through the implementation of an action plan based on AquaRating and training in
operations and maintenance of the SCWRRF; (ii) Implementing an Institutional Gender and PwD Action
Plan to promote the equal participation of women and PwD within BWA,; (iii) Supporting the execution
of FTC’s regulatory functions in the water and sewerage sector; (iv) Implementing robust monitoring
systems to track water quality, water quantity, soil quality and climaterelated parameters; (v)
Regulating the abstraction and use of groundwater; (vi) Designing and implementing public awareness
and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build
community support, with gender and diversity considerations, as well as related studies20. This
includes implementation of robust public health and safety measures, including appropriate signage,
education programs, and guidelines for the safe use of reclaimed water.

2.3 The South Coast Water Reclamation Project

In order to provide a quality of effluent adequate for aquifer recharge and agricultural crop irrigation,
the South Coast Sewage Treatment Plant (SCSTP) will be upgraded from its current advanced
preliminary wastewater treatment to a tertiary/advanced treatment plant (Figure 2-1).
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Figure 2-1: South Coast Water Resource Recovery Facility - Site Layout Preliminary Concept

Reclaimed water will be utilized to replenish the Christ Church Aquifer, which is mostly utilized for
agricultural abstractions close to Barbados' southern edge. If not being distributed for agricultural use,
the reclaimed water will be replenished into the karst limestone aquifer through a maximum of five
deep recharge wells that pierce the saturated zone of the aquifer. This process will take place primarily
during periods of typical wetness and the demand for irrigation is not as considerable as it is in the dry
season. The primary target area for irrigation is the River Plantation. In order to irrigate their crops,
some farmers currently utilize potable water from the BWA water supply mains, which would free it
up for drinkable usage.

Four screening options were assessed in the feasibility stage of the project:

1. Scenario A which includes the following end uses: Potable aquifer recharge in St. Philip
Aquifer; Unrestricted agricultural food crop irrigation at River Plantation, Sandford/Mapps,
and Golden Grove areas in St. Philip;

2. Scenario Al which includes the following end uses: Non-potable aquifer recharged in Christ
Church Aquifer; Unrestricted agricultural food crop irrigation at River Plantation,
Sandford/Mapps, and Golden Grove areas in St. Philip;

3. Scenario B which includes the following end uses: Non-potable aquifer recharged in Christ
Church Aquifer; Unrestricted agricultural food crop irrigation at Gibbons Boggs, Fairy Valley
and Fairview areas;

4. Scenario C which includes the following end uses: Potable aquifer recharge in St. Michael
Aquifer; Unrestricted agricultural food crop irrigation at St. George Valley.

The BWA has highlighted their intention to pump the treated wastewater from the reclamation plant
to a catchment pond, buried storage tank or some other storage mechanism in the Staple Grove area,
to then be gravity fed through to the Browne’s Catchment Pond at River Plantation to contribute to
the irrigation scheme. As such, Scenario Al was identified as the preferred option. The water
reclamation process is outlined in Figure 2-2 below. Figure 2-3 shows the map of all proposed
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important components of the Project, highlighting the possible pipeline routes, storage locations and
aquifer recharge points.
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Figure 2-2: Process flow diagram for reclaiming water for aquifer recharge and agricultural reuse
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3 LEGAL AND REGULATORY FRAMEWORK

The gap assessment that was conducted by the consulting team, and the findings of which are included
in this report, included the review of the existing ESIA. The existing ESIA included an assessment of the
relevant legal, regulatory and institutional framework as well as the international standards and
guidelines by which the project should comply. With respect to inclusion in the enabling policy
environment for gender and marginalized populations, which were a gap in the prior report, these
considerations are outlined below.

3.1 Social Considerations in the Legislative and Policy Environment

Table 3-2 shares a list of relevant legislation and polices that frame the enabling policy and legislative
environment supporting the execution of the project. Most policies and legislation identified,
specifically those for water and sewage management do not provide specific provisions for key
vulnerable groups which includes women, youth, the elderly, persons with disabilities, and migrant
workers. These gaps in inclusion of various vulnerable groups may imply a less than fully
comprehensive assessment of the range of activities and consumption patterns of these groups to gain
deeper insight into where potential exposure and risks may emerge. Still, the available information
serves to provide sufficient understanding for potential risks and exposure for these vulnerable groups
and the tailoring of protection plans to mitigate identified risks. Educating government and project
actors on the importance of mainstreaming social inclusion in their work and plan/policy development
will be developed later in the report to support the social protection aspects required as it applies to
mitigation efforts specific to project works. Further, an assessment of risk is provided in Chapter 4.3
and Chapter 5.7.5 as it applies to community members and vulnerable groups (based on stakeholder
engagement) as well as initial consultations to collect key data.

To further understand the gender component of the enabling policy and legislative environment, a
gender rating tool has been applied to the following policies and laws. The level of responsiveness of
the policy or legislative document toward gender considerations varies from least responsive (neutral)
to most responsive (transformative) and is described in Table 3-1.

Table 3-1: Gender Rating Tool

Gender Rating : Description

Gender Neutral The policy makes no mention or does not
reference gender or women.

Gender specific norms, roles and issues are
acknowledged within the policy.

Measures are outlined within the policy to
ensure gender inequalities are not exacerbated
as a by-product of the policy’s actions.

Gender Responsive The policy acknowledges and identifies
differences and inequalities between men and
women and sets out actions which seek to
rectify these issues.

Gender Transformative The policy seeks to resolve fundamental
structural inequalities and challenges social and
cultural norms.
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Table 3-2: Relevant Policies for the proposed project and the socio-economic context

Policy/Plan Summary Gender Rating Reference to
Vulnerable Groups

(women, youth,
elderly, PWDs,
migrant workers)

Water

Barbados Water Authority The act outlines the Neutral No
(Amendment) Act 2023 functions of the Barbados

Water Authority. The

amended act includes

provisions for:

1)institutional
strengthening.

2)water protection
zones.

3)well management; and
other related matters.

Water Reuse Act of 2023 The act outlines = Neutral No
regulations  for  the
capturing, collecting,
treating and reuse of
wastewater.

Prevention of Floods Act, The act outlines = Neutral No
1998 measures for preventing

floods in Barbados that

may be cause by

excessive rain or high

tides and that could

potentially cause

inconvenience or injury to

health or property.

Water Services Regulations, The act outlines the Neutral No
1982 regulations to the

provider and users as per

water distribution

provided the Barbados

Water Authority.

Better Security Act, 1950 An act providing = Neutral No
stipulations  for  the
continued provision of
water and light for the
safety of human life and
property.
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Policy/Plan

Limitation and Prescription
Act

Irrigation Act, 1967

Wastewater Treatment

Sanitation Service Authority
Act, 1997

Summary

The act concerns itself
with the validity of claims
of prescription to any
way, easement, or
watercourse or to the use
of a watercourse that can
be enjoyed, over or from
any land or water.

The act provides
provisions for the
research of land to
determine irrigation or
equipment requirements
for irrigation as deemed
necessary.

The act is intended to
establish the Sanitation
Service Authority. Under
this act, the main
priorities of the Authority
are to:

a) to remove refuse from
premises as authorised by
the Minister;

(b) sweep, cleanse and
water streets;

(c) provide and maintain
places, buildings and
appliances for the
deposit, disposal or
destruction of refuse;

(d) provide and maintain
public baths and public
sanitary  conveniences;
and

(e) to provide and
maintain cemeteries,
burial  grounds and
crematoria.

Gender Rating Reference to
Vulnerable Groups
(women, youth,
elderly, PWDs,
migrant workers)

Neutral PWDs

Neutral No

Neutral No
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Policy/Plan Summary Gender Rating Reference to
Vulnerable Groups
(women, youth,
elderly, PWDs,
migrant workers)

Municipal Solid Waste Tax The act provides the Neutral No

Act, 2014 implementation of a

‘Municipal Solid Waste
Tax’ to assist cost of
refuse disposal, assist
cost of operating and
maintaining refuse
disposal sites and
preserving and enhancing
the environment.

Sewerage Regulations, 1980 ' The act provides rules Neutral No
concerning water
discharge through the
public sewer systems
from domestic premises
and industries.

Barbados Water Authority The regulations provide Neutral No
(Water and Sewerage Rates) rates for the supply of
(Amendment) Regulations, water and rates for the

2019 supply of sewerage
services.
Utilities
Utilities Regulation Order, The order designates Neutral No
2014 utility  services  and

service providers that are
to be regulated by
provisions of the order.
The list includes water
supply and sewerage
services to be provided by
the Barbados Water
Authority.

Utilities Regulation Act, 2002 ' The act outlines = Neutral No
regulations  for  the
provision of utilities.
Utilities  include any
distribution and supply of
water or  sewerage

services.
Utilities Regulation ' The rules outlines those Neutral No
(Procedural) (Amendment) applying to any
Rules, 2009 proceedings in matters

brought to the Trading
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Policy/Plan

Land Use Planning

Planning Development
(Environmental Impact
Assessment) Regulations,
2021

The Planning and
Development Amendment
Act, 2020

Coastal Zone Management

Act, 1998

Marine Areas (Preservation
and Enhancement) (Barbados
marine Reserve) Regulations,
1981

National Biodiversity Strategy
and Action Plan for Barbados
2002 (NBSAP)

Summary

Commission under the
Utilities Regulation Act.

The regulations outline
procedural requirements

and rules for anyone
conducting
environmental impact
assessments.

The act outlines

requirements for:

a) orderly and progressive
land development;

b)permission to develop
land;

c)powers for land use
regulation and
development; and related
matters.

The act outlines
requirements for the
effective management of

coastal  resources in
Barbados and for
conserving and
enhancing these
resources.

The act outlines
requirements and

violations pertaining to
the proper use and
operation within marine
areas.

The strategy is one of the

national initiatives in
fulfilment of the
objectives of the

Convention on Biological
Diversity  (CBD) and

ﬂ\
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Gender Rating Reference to
Vulnerable Groups
(women, youth,
elderly, PWDs,
migrant workers)

Neutral No

Neutral PWDs

Neutral No

Neutral No

Aware (gender Women, Elderly,
disaggregated @ PWDs, Migrant
statistics Workers

included)
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Policy/Plan Summary Gender Rating Reference to
Vulnerable Groups

(women, youth,
elderly, PWDs,
migrant workers)

outlines Barbados plan to
fulfill those objectives.

Disaster Risk Management

Catastrophe Fund Act No. 13 The act provides for a Neutral No
of 2022 fund that will be used to

supply financial aid to any

eligible persons or

qualifying business that

are in need of aid in the

event of catastrophe.

Emergency Management | The act outlines rules for = Neutral No
(Amendment) Act, 2020 declaring and

management a public

health emergency. It

takes into account

emergencies as a result of

disaster or communicable

diseases.

Labour and Working Conditions

The National Employment The policy provides Responsive Women, Youth,
Policy of Barbados, 2014 guidance for improving (addresses the PWDs, Migrant
labour opportunities = needs of = Workers

within the country = vulnerable

through enhancing the @ workers,

employability of the including

people, enhancing the women)

labour market and

creation of opportunities.
Employment (Miscellaneous This Act outlines Neutral Youth
Provisions) Act, 2005 protections from children

from being employed in

listed industrial activities

and provides the only

suitable forms of

employment for children.

The minimum working

age is 16 years old.

Safety and Health at Work @ The Act provides = Sensitive Women
Act, 2007 provisions for the health, = (makes note of

safety and welfare of women’s

persons at work, and | sanitary

safeguarding persons requirements

from harmful emissions = on worksites)
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Policy/Plan

Summary

and exposure to
dangerous substances at
work.

Gender Rating

Reference to
Vulnerable Groups
(women, youth,
elderly, PWDs,
migrant workers)

Employment Rights Act, 2012  The Act gives employees = Neutral PWDs
rights to minimum notice
of termination, wage
statements, and avenues
to address employment
disputes.
Employment Sexual | The Act gives employees | Aware Women
Harassment (Prevention) Act, the right to work in
2017 environment free from
sexual harassment as
defined by the act.
Health
Health Services Act, 1969 The act outlines = Neutral No
requirements for the
preservation and
promotion of the health
of the inhabitants of
Barbados.
Barbados Strategic Plan for The plan supports the Aware (the  Women, Youth,
Health, 2002 country’s overall national plan notes that Elderly
strategic plan, which aims gender norms
"To make Barbados a fully play a role in
developed small island health issues)
state by 2012".
National Strategic Plan for the | The policy outlines the 8 | Responsive Women, Youth,
Prevention and Control of | priority areas for the (the plan calls Elderly, PWDs
Non-Communicable Diseases @ prevention and control of = for
2020-2025 non-communicable representation
diseases in the country. by members of
vulnerable
groups,
including
women, in
consultation
processes)
Development
National Strategic Plan of  The policy applies a multi- = Responsive Women, Youth,
Barbados 2006-2025, 2007 sectoral approach to (the plan calls @ Elderly, PWDs
addressing matters in the = for the

areas of cultural

integration of
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Policy/Plan

Summary Gender Rating Reference to
Vulnerable Groups
(women, youth,
elderly, PWDs,

migrant workers)

transformation, improved = gender
governance, national mainstreaming
development, green = across all
economy, economic national plans
growth, and global and policies)
success.
Barbados The policy outlines goals Aware Women, Youth,
Sustainable Development for the uptake of (mentions that Elderly, PWDs
Policy, 2004 development related women are
matters by all members of among those
society in addressing groupsthatare
equity, participation, more
economic efficiency, vulnerable to
resource  conservation, poverty and
and quality of life. suggests rights
of women
should be
considered)
Barbados Medium-Term @ The policy applies to Responsive Women, Youth,
Growth and Development matters related to | (promotes Elderly, PWDs
Strategy 2013-2020 sustained growth of the gender
economy, economic  equality as a
reform, human and social = means of
development, and energy reaching long
and environmental | term
sustainability in  the sustainable
context of a Green development)
Economy.
Governance
Public Service Act The Act outlines the Neutral No

management of the
Public Service, defines
the function of the
Service Commission and
outlines the Codes and
systems  that public
servant are beholden to.

Several categories of policies are identified including Labour, Health, Development, Disaster Planning,
Land Use Planning, Water, Wastewater Treatment, Utilities that are relevant for a project of this nature.
Thirty-three (33) policies and plans were identified which on the whole do not adequately or
comprehensively address social and gender concerns. They fail to address in to reference or include
vulnerable groups, including their potential unique needs and risks in the context of solid waste
management and wastewater treatment (in many cases as seen in the policies under water and waste
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treatment for example, do not make mention of women or vulnerable groups at all). Despite these
limitations, the enabling environment is underscored by a robust policy and legislative environment in
place to ensure that risks and benefits in the identified policy categories can be managed effectively.
Utilising the frameworks found within these Acts such as the Employment Sexual Harassment Act or
the Public Service Act and supplementing specific plans to address project specific gaps as they speak
to more internal organizational (/governmental) environments and procedures and lack a public facing
engagement factor (particularly the Employment Sexual Harassment Act) that would be found across
multiple stages of this project, could serve to guide the project.

3.2

IDB Environmental and Social Policy Framework

The IDB will only support projects that meet the ESPF’s standards in an acceptable manner and
timeframe. Of particular relevance to the social component of this Project are ESPS 1, ESPS 2, ESPS 3,
ESPS 4, ESPS 5, ESPS 6, ESPS 9 and ESPS 10, which are elaborated in Table 3-3 below.

Table 3-3: IDB ESPS 2020 Standards (ESPS Effective October 31, 2021)

ESPS Performance

Standards

ESPS 1 - Assessment and
Management of
Environmental

and Social Risks and
Impacts

CONTENT

This performance standard speaks to
the Risk Assessment and Management
for health, safety, occupational,
environmental and social impacts
(direct, indirect and cumulative) during
the phases of the project.

This project will seek to build climate
resilience and reduce the risk of
natural disasters and thus follows the
ESPS 1 requirement.

RELATIONSHIP  TO
PROJECT

THE

The Bank requires that
Category A and B operations
be subject to Environmental
Assessments (EA).  This
project requires the need for
an Environmental and Social
Assessment and an
Environmental and Social
Management Plan (ESMP).

This project is required to
consider the  necessary
measures to reduce disaster
risk to acceptable levels as
determined by the Bank on

the basis of generally
accepted standards and
practices.

ESPS 2 - Labour and
Working Conditions

This standard speaks to projects having
a constructive

worker-employer relationship,
treating workers fairly and providing
them with safe and healthy working
conditions. It is understood that
borrowers may create tangible
benefits, such as enhancement of the
efficiency and productivity of their
projects, through this approach.

This project is required to
examine a fair hiring process
during the construction
phase of the development,
which will likely require the
contract of both skilled and
unskilled labour.

The project also needs to
have management plans to
help ensure health and safety
of workers during
construction and operation.

ESPS 3 - Resource
Efficiency and Pollution
Prevention

This Standard speaks to pollution
prevention methods from project
activities in order to avoid or minimize

Pollutants such as PM 10 and
PM2.5 may be present during
construction activities, which
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ESPS Performance

Standards

CONTENT

adverse impacts on human health and
the environment.

RELATIONSHIP  TO
PROJECT

THE

will be handled as guided by
the established procedures to
ensure the release of
pollutants into the
environment is avoided or
minimize where unavoidable.
Waste and water pollution
will need to be kept at a
minimum.

ESPS 4 - Community
Health,
Safety, and Security

This standard requires the
consideration that project activities,
equipment, and infrastructure can
increase community exposure to risks
and impacts, including those caused by
natural hazards and climate change.

This project will need to
examine the need for
measures that can be
implemented to avoid or
minimize the risks and
impacts  to community
health, safety, and security
that may arise from project-
related activities, with
particular attention to

vulnerable groups.

Measures to avoid or
minimize the risks and
impacts to the project itself
that may result from natural
hazards and climate change
are also required. Given
Barbados’s  exposure to
tropical cyclone events which
can trigger storm surges and
coastal flooding, drought,
earthquakes, these are risks
that the project needs to
consider.

ESPS 5 - Land Acquisition
and Involuntary
Settlement

This standard addresses the possible
impacts of project-related Iland
acquisition and involuntary
settlement, including restrictions on
land use, access to assets and natural
resources which may lead to physical
and/or economic displacement
resulting in a loss or
disruption/displacement of income
sources and livelihoods.

The proposed pipeline routes
that run along the ABC
Highway and from the
Ministry of Agriculture office
will interfere with informal
coconut and  vegetable
vendors. The works will lead
to their temporary
displacement as well as
restricted access to their
businesses, limiting their
customer base.

ESPS 6 - Biodiversity

This standard requires the protection
and conservation of biodiversity,

The STP is in close proximity
to the Graeme Hall Swamp
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ESPS Performance

Standards

CONTENT

RELATIONSHIP  TO
PROJECT

Conservation and
Sustainable
Management of Living
Natural Resources

maintaining ecosystem services, and

sustainable management of living
natural resources, which are
fundamental to sustainable

development.

(which is a key biodiversity
area and part of it is a private
reserve) and currently has an
effluent outfall in this
sensitive environment. Key
ecological resources could be

impacted and as such
mitigation  measures to
minimize  this loss or

disturbance is critical under
this assessment.

ESPS 9 - Gender Equality

The promotion of gender equality,
diversity and prevention of SGBV is a
key component of this project.
Mechanisms will be established for
reporting any such violence or
inequality.

This project actively
promotes gender equality
and the empowerment of
women and  introduces
safeguards to prevent or
mitigate adverse impacts on
women or men. A
Stakeholder Engagement
Plan will also be prepared.
The ESMP will also consider
any of these issues.

ESPS 10 -Stakeholder
Engagement and
Information
Disclosure

The Programme is guided by this
performance standard to ensure that
stakeholders’ right to  access
information, public participation and
justice in environmental matters are
safe guarded. This inclusive process
will be conducted throughout the
project’s life cycle.

The report will be required to
be made available to the
public and Project teams

must comply with the
Information Disclosure
Policy. Meaningful
consultations with relevant
stakeholders will be
conducted. A  grievance
mechanism will also be

prepared and implemented
for the project.
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4 APPROACH AND METHODOLOGY
4.1 General Approach

The multi-disciplinary team of experienced scientists and environmental professionals conducted data
gathering and analysis together to determine the dominant environmental issues relevant to the
proposed project and to identify the potential impacts and mitigation measures. As an ESIA was
already conducted for the implementation of this project, the team first conducted a gap assessment
in which key environmental areas that were not sufficiently discussed were identified. These gap areas
were the emphasis of this report. A detailed review of secondary data was used to inform the
assessment. Among the key activities were:

e Desktop research

e Analysis of maps and plans

e Review of reports and background documents
e Stakeholder consultations

Other proposed developments and surrounding land use were also reviewed in the context of
compatibility with the proposed project including potential positive, negative and cumulative impacts.

The following subchapters describe the approach for assessing the physical, biological and socio-
economic environment.

4.2 Describing the Existing Environment

4.2.1 Site Assessments and Primary Data Collection

An initial site visit to the study area conducted on November 22, 2023 facilitated a review and
understanding of the general project area. This was supplemented by on the ground social data
collection During December 17 to 20, 2023.

During the period January 7 to 12, 2024 a detailed site assessment was conducted of the Graeme Hall
Swamp, as well as the existing South Coast Sewage Treatment Plant. The activities conducted at the
plant were assessed, along with the working conditions subject to the members of staff. This
assessment was done to inform further the Labour Management Plan that has been drafted in Chapter
14 of this document. To supplement the assessment, photographs of the area were taken and
integrated into the report. Additional stakeholders that were not yet consulted were consulted with
during the first 2 weeks in January via a mixture of virtual and face-to-face meetings. These
stakeholders included:

- Leslie Sealy, Representative of the Barbados Agricultural Development and Marketing
Corporation (BADMC)

- Keeley Holder, Chief Agricultural Officer in the Ministry of Agriculture

- Wayne Nurse, National Disabilities Unit

- Shonee Howel, Coastal Zone Management Unit (CZMU)

- Lynda Holder, Barbados Transport Board

- Sandra Hunte, Executive Director of the Future Centre Trust

- Barney Gibbs, Director of the Future Centre Trust

- Farmers at the Valley Island Plantation, Edgecumbe Plantation, Sunbury Plantation and
River Plantation

- Farmers in Haggatt Hall
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It is important to note that whilst some water quality data was provided, the parameters analysed are
inadequate for this type of project and the critical nature of the risks that this project poses to the
nation. It is recommended that a proper baseline be carried out prior to the start of any construction.
The recommendation for the detailed baseline will be presented in the Chapter 5.3 of this report.

4.2.2 Desktop Research and Literature Review of Available Secondary Data

The identified gap areas formed the basis of the description of the existing environment. Secondary
data was primarily consulted for the assessment of the area, including reports prepared by Barbadian
government agencies, as well as different UN organizations, such as the Food and Agricultural
Organization. Information provided by the BWA was also incorporated into the assessment. Along with
reports, relevant maps, aerial imagery and scientific papers were consulted. Local knowledge was also
used as supplemental material to inform the description of the project area.

A site assessment along with the collection or air and noise baseline data are also a part of the data
collection activities. Chapter 4.2.3 below details the methodology utilised to collect updated
socioeconomic data for this project.

4.2.3 Socioeconomic Baseline

This social baseline assessment utilised desk-based research and a mix of virtual and in person
stakeholder engagement as well as observation through an initial scoping mission. Virtual stakeholder
engagement was used to alleviate the demands on the field team as persons not in Barbados can
conduct these interviews utilising Zoom and this can also be combined with other direct engagement.

Stakeholder engagement being a major part of the data collection process involved mapping out the
relevant stakeholders to be engaged, stakeholders were identified and mapped according to their type
(see Annex Il). Stakeholders for virtual engagement were divided into three categories: 1) government
agency and 2) non-governmental organisations and 3) businesses. Field visit stakeholders were classed
as :1) residential 2) local businesses 3) and formal and informal vendors.

Virtual engagements utilised an interview instrument (see Annex 1) to guide discussions with
stakeholders around the proposed works and potential social impacts. Field work entailed the use of
Kobo Toolbox which had the questionnaire and allowed for data collection and efficient analysis by the
platform.

Field visits saw the SAEDI Consulting team traversing along the ABC Highway seeking to engage local
vendors on the highway as well as heading to popular business establishments to engage both
customers and staff present. In addition to this, the team engaged persons at their homes in nearby
communities. Efforts were also expended attempting to call homes in those communities using phone
directories.

The approach and presentation findings consider several factors:

= An immediate zone of influence in close proximity to where construction of the proposed
reclamation facility are expected to take place and an outer zone of influence which includes
a significant surrounding area along the planned pipeline routes. See Figure 4-1 below
highlighting the varying zones of influence.
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Figure 4-1: 1km Area of Influence around existing SCSTP (top); 1km Area of Influence around overall pipeline route (bottom)

= |n Christ Church there is a significant mix of built infrastructure representing residential
housing, commercial activities, industrial estates, farming as well as other services. Several
mid-size business operations including Popular Supermarket, Kooyman Hardware store,
Gildan, Deighton Griffith School, Central Vet and even the Ministry of Agriculture as well as
DHL are in the area. The most significant consolidated residential area is Coverly which is likely
to expand and place demand on sewage treatment capacity. Coverly, also because of its size,
also comprises of several business and facilities which provide varied services including
medical.

= There is a varied mix of residential and commercial in the area on the ABC Highway and just
beyond it.

= The demographics include not only persons who live in the area but persons employed and
working in the area who need to use the Highway and access services in the area. Age,
geography and income source/livelihood/employment are key social as well as gender
dynamics.

= There is a mix of age groups including a body of persons who are above retirement age and
elderly. There is older housing and more recent and newer housing construction.

= There are multiple uses of the road network involving local residents and persons transiting
from home to work as well as those who could be using it for economic activity, recreation and
tourism.
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The team decided to label the front end of the pipeline as the “immediate zone of influence”, while
the back end was “outer zone of influence”, which would be those areas that rest alongside the
pipeline but will not be directly affected. To add to this, it was also suggested that areas within these
zones should be categorized and separated based on their contextual surroundings, e.g. the use of
categories such as commercial, residential, mixed commercial/residential to describe such areas. The
use of visual documentation would also be central to this categorization.

Pipeline to river plantation

The areas along the route of the pipeline to the river plantation were less densely populated as
compared to the areas in the Christ Church area. These areas were less urban and saw a shift in the
economic activities occurring with the main economic activity being farming with a mix of small-scale
eateries, mini-grocers, bars and produce stalls. The population in these areas contained a mix of age
groups, however the distribution skewed more towards the ages 30 years and older group, particularly
as many of the residents are older, retired folks and those working farmlands. The majority of the land
in these areas were dedicated for agricultural cultivation either ongoing, being prepared for cultivation
or were formerly cultivation lands (wherein this case, persons brought properties with farmland, but
they do not conduct farming activities).

The area consisted primarily of residential homes, agro-processing buildings and other farm related
infrastructure, a few medical facilities (clinics), and other business infrastructure. These sensitive
receptors are discussed further in Chapter 5.7.1.2.

A noted feature running throughout a sizable portion of this area is the historic train line which has
been converted to the trailway. The trailway is primarily used for hiking and biking but it must noted
that currently only a section of the trailway has been fully realized and the rest of the trailway remain
as unpaved pathway. Alongside the trailway, farmers utilize the lands for growing crops such as fruit
and vegetables like onions, eggplant, pumpkin, tomatoes, lettuce, cucumbers and watermelon, and
root crops like cassava and sweet potatoes.

In the vicinity of the treatment plant

The area in the immediate vicinity of the treatment plant is primarily unpopulated with a major portion
of the area around the plant being forested as it connects to the Graeme Hall swamp. Moving a bit
further away (approximately 1 km) from the plant, there is a mix of commercial (primarily tourist
related) and residential properties in the area (See Chapter 5.7). The Graeme Hall swamp serves a
major landmark in the area and has notable influence on the surrounding environment especially
pertaining to drainage, flooding and mosquito population. The demographics of the area would
include residents, tourists, locals commuting to the area for recreational activities, work and
education. The age range is dynamic as there is a primary school located within the area in addition to
the existing residences, hotels, guest houses and businesses.

4.2.3.1 Limitations

This assessment utilised desk-based literature review, virtual consultations and on the ground
stakeholder engagement for data collection to address the gaps outlined by the IDB. Several limitations
were experienced during this process. They are as follows:

For the Data Collection Process Conducted in December 2023

e Time period of the initial assessment (Christmas season) — Barbados was in the midst of the
Christmas season and as the season demands, many persons are already preoccupied with
preparations for the holiday to come. Additionally, with the festive season and atmosphere,
persons (particularly government offices and other organisations) were less inclined to engage
in work related affairs as the year comes to an end. Another factor at play during this season
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is the fact people are less likely to be at home during the day, reducing the available pool of
people to engage for the data collection.

e Safety concerns by residential stakeholders — the field team lacked official badges or letters
identifying them and given the seasons, persons had reasonable safety concerns about being
engaged at their homes by strangers.

e Limited team size —it is noted that the field data collection process was meant to be conducted
by Environmental Solutions Limited (ESL) with the support of the SAEDI Consulting (Barbados)
Inc. However, due to unpredictable circumstances, the ESL team were unable to obtain flights
to Barbados which left the few members of SAEDI Consulting to conduct the larger part of the
field data collection. Given the large target area and the three members of SAEDI Consulting
available to conduct the fieldwork, this proved to be quite difficult.

e Poor weather — In person engagement was further thwarted by heavy rain showers and
flooding occurring on some of the days, the team was scheduled to go out. These conditions
greatly impaired the teams’ ability to engage persons on the street and at their homes in the
proposed area.

e Due to all the above, the team was limited to physically exploring and consulting stakeholder
in only 1 of area identified i.e. the Christ Church area and the findings reflect those results.

For the Data Collection Process in January 2024

The stakeholder engagement and data collection process continued between January 9 — 13, 2024, in
which more vendors, businesses, residents and farmers were engaged. However, as the on the ground
team comprised of only three individuals, it was difficult to include a large sample of individuals from
the potentially impacted communities. This was compounded on by the fact that the data collection
process was being conducted during the hours of 9:00 a.m. to 5:00 p.m. when most individuals are
away from their homes due to work, business or school. Furthermore, not all individuals who were
approached were comfortable being included in the data collection process primarily due to a lack of
interest in the Project or because of a lack of proof of association with the Project. However, despite
these limitations, the process yielded results from up to 38 individuals from different communities,
excluding the different farmers that were also consulted. The process aided in the identification of
sensitive receptors and vulnerable groups and to better grasp concerns for the project on lives and
livelihoods. The consulting team engaged with persons from the following communities (see Figure 4-
2):

Saint Lawrence Gap
- Top Rock

- Maxwell Hill

- Kingsland

- Newton Terrace

- Providence

- St. Davids

- Stepney

- Bulkeley Close

- Windsor

- Bentleys

- Brereton

- Marchfield

- Areas around River Plantation
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Figure 4-2: Areas where community engagement and data collection was concentrated during the January 2024 Site Visit

4.2.3.2 Gender Assessment

A Gender Assessment was carried out as a part of this consultancy as it seeks to address the gendered
risks associated with the project for upgrading the south coast sewage treatment plant and the ensuing
the pipeline network to be constructed to supply farmers with water. It used a gender needs
assessment to examine the data findings, as well as examine the overall implications for individual and
business in the impacted areas.

A total of 46 non-residential and 23 residential stakeholders were engaged as part of the data
collection with these stakeholders consisting of government agencies (16), NGOs (11) and businesses
(19). Stakeholders were engaged based on their relevance to environmental and biodiversity
conservation and management, land management and development, waste and sewage management,
water management, and business and economic activities.

ACCESS &
CONTROL OF

LEADERSHIP RESUURCED

and DECISION-

MAKING ;\ T /,

GENDER NEEDS
RESILIENT & RIGHTS AND

SUSTAINABLE (/ x PARTICIPATION
ASSETS
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GOVERNANCE
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INFORMATION

ACCESSTO
LIVELIHOODS

Figure 4-2: Gender Needs Framework

SAEDI Consulting’s approach to gender analysis, using a Gender Needs Framework, is to use an
intersectional lens, allowing for the inclusion of women in all of their diversity and interconnecting
roles, as well as the inclusion of the elderly, people with disabilities, youth and other vulnerable groups
(Figure 4.3). The framework is used particularly to examine the ways in which the persons most likely
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to be impacted by the project might be affected, in what ways and to what degree and also to better
understand the gender drivers of these vulnerabilities. By taking this approach, it is also expected that
opportunities to give voice and agency as the seek to adapt to the impacts and navigate changes, both
positive and negative, will also be considered.

4.3 Assessment of Impacts and Risks

The main goal is to identify the environmental and social impacts associated with the project at and
around the site, focusing on both positive and negative impacts and risks as well as bio-physical,
chemical, social, economic and cultural components of the environment including, but not limited to:

- Effects on wildlife, terrestrial and marine biodiversity

- Effects on existing or proposed protected areas or other sites of conservation or special
management interest

- Effects on surrounding communities (residential and commercial activities)

- Effects on livelihoods

Table 4-1: Defining the nature of the potential impacts

Term Definition
Positive Impact An impact that is considered to represent an improvement on the
(Benefit) baseline or introduces a positive change.
An impact that is considered to represent an adverse change from the
Negative baseline or introduces a new undesirable factor.
Impact

Impacts that result from a direct interaction between a planned project

Direct Impact activity and the receiving environment/receptors (e.g. between

occupation of a site and the pre-existing habitats or between an
effluent discharge and receiving water quality).

Impacts that result from other activities that are encouraged to happen
Indirect Impact as a consequence of the Project (e.g. in-migration for employment
placing a demand on resources).

Impacts that act together with other impacts (including those from

Cumulative concurrent or planned future third-party activities) to affect the
Impact same

resources and/or receptors as the Project.
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Table 4-2: Impact Rating Table

Criteria used for impact rating

. On-site — Limited to within the site boundaries (plus a 6m buffer to

Extent each side of the pipe’s centreline);
. Local — impacts that affect an area in a radius of 2km around the
site;

. Regional — impacts that affect regionally important resources or are
experienced at traditional authority or district scale;
3 National — impacts that affect nationally important resources or
affect an area that is nationally important/ or have macro-economic
consequences;
. Transboundary/International — impacts that extend beyond country
borders or

affect internationally important resources.

. Temporary — impacts are predicted to be of short duration and
Duration intermittent/occasional;
. Short-term — impacts that are predicted to last only for the duration
of the construction period;
. Long-term — impacts that will continue for the life of the Project, but
ceases when the Project stops operating;
. Permanent — impacts that cause a permanent change in the
affected receptor or resource (e.g. removal or destruction of ecological
habitat) that endures
substantially beyond the Project lifetime.

o Unlikely — The impact is unlikely to occur.
Likelihood o Likely — The impact is likely to occur under most conditions.
. Definite — The impact will occur.

o Biophysical environment — magnitude can be considered in terms of
Magnitude the sensitivity of the receptor:
o Negligible — the impact is not detectable;
o Low - the impact affects the environment in such a way that natural
functions and processes are not affected;
o Moderate — where the affected environment is altered but natural
functions and processes continue, albeit in a modified way;
o High — where natural functions or processes are altered to the
extent that it
will temporarily or permanently cease.

Table 4-3: Impact Significance or Severity Criteria

Significance
criteria

An impact of negligible significance is where a resource or receptor will not be
Negligible | affected in any way by a particular activity, or the predicted effect is deemed to
significance | be imperceptible or is indistinguishable from natural background levels.

An impact of low significance is one where an effect will be experienced, but the
Low impact magnitude is sufficiently small and well within accepted standards, and/or
significance | the receptor is of low sensitivity/value.
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Significance
criteria

An impact of moderate significance is one within accepted limits and standards.
The emphasis for moderate impacts is on demonstrating that the impact has been
reduced to a level that is as low as reasonably practicable (ALARP). This does
not necessarily mean that “moderate” impacts have to be reduced to “minor”
impacts, but that moderate impacts are being managed effectively and
efficiently.

Moderate
significance

An impact of high significance is one where an accepted limit or standard may
be exceeded, or large magnitude impacts occur to highly valued/sensitive
resource/receptors. A goal of the ESIA process is to get to a position where the
Project does not have any major residual negative impacts, certainly not ones
High that would endure into the long term or extend over a large area. However, for

some aspects there may be major residual impacts after all practicable mitigation
options have been exhausted (i.e. ALARP has been applied). An example might
be the visual impact of a development. It is then the function of regulators and
stakeholders to weigh such negative factors against the positive factors, such as
employment, in coming to a decision on the Project.

Significance

4.4 Stakeholder Mapping, Analysis and Engagement

Building solid, productive, and responsive relationships with stakeholders is the cornerstone of
successfully managing a project's environmental and social implications. Stakeholder analysis and
planning, information disclosure and distribution, involvement and consultation, and continuous
reporting to affected communities are all parts of this continuous process. The nature, frequency, and
intensity of stakeholder involvement correspond to the risks and unfavourable effects of the project
as well as its stage of development.

This Stakeholder Analysis is a requirement of the IDB’s 2020 ESPS and is being conducted from the
early stages of the project. With the assistance of the key implementing agency, BWA, the team
identified key institutions, government agencies, private sector entities, community groups, non-
governmental organizations and community groups to consult with as the various components of the
overall Program is rolled out.

For the development of the Stakeholder Engagement Plan, stakeholders were grouped according to
who may be impacted, have special interest in, or may influence the proposed project (Figure 4-2).
Several of the stakeholders were identifies and mapped as per Figure 4-4.

High 1

& Critical Stakeholders
M

ed High Awareness Stakeholders
Low Interest Group Stakeholders

Potential Interest in Project
A4

Low Med High

Potential Influence of stakeholder on Project

Figure 4-4: Stakeholder Mapping
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Medium Interest Stakeholders: Their roles are based on a specific administrative mandate and
capability/capacity which is a standard engagement for them.

Stakeholders with Important Interests: These stakeholders have important information or specific
action-based deliverables that project implementation must rely on. The Stakeholder Consultation
process will not qualify as robust if these entities are not consulted.

Critical Stakeholders: These stakeholders are critical engines of project development both in relation
to conceptual planning and actual resource deployment. They must be consulted.

Stakeholders were also disaggregated in the following ways:

e Stakeholders that are involved in the Project’s development and planned implementation to
include those technical Stakeholders who have a specific interest or implementation
responsibility for aspects of the project.

o Affected Stakeholders: Those that may be affected by the different components and phases of
the project. The stakeholders contacted will be those assumed to be affected, directly or
indirectly, by aspects and effects of Project implementation.

e Stakeholders being able to influence Project implementation.

The stakeholder engagement process is ongoing and as such, the Stakeholder Engagement Plan (SEP)
thatis included in SECTION Il — THE ESMP is a living document and builds on the processes that inform
the analysis within this document. Along with the stakeholder engagement process, the consulting
team conducted data collection processes in an effort to raise awareness about the project, as well as
to inform affected stakeholders of any changes that have been made to the conceptual design that
had been previously shared. It targeted members of the Barbadian civil society (NGOs and community
groups), institutional groups, government agencies and the general public with emphasis on
individuals and businesses within the zone of influence of the project area. The data collection process
also provided the opportunity to collect information from the identified key stakeholders on the
potential risks and causes for concern of the project, and helped to identify stakeholders that would
be deemed key in the Stakeholder Engagement process as per Figure 4.4 above.

The primary modes of engagement and consultation included a virtual session to facilitate the
gathering of data to enhance the Environmental and Social Impact Assessment held on Wednesday,
the 20™ of December 2023, and informal meetings with the general public via expository methods,
direct and indirect interrogative methods, and informal dialogue. The process of preliminary informal
consultations with community members for the ESIA commenced on Friday, the 15" of December
2023.

The stakeholders approached for the aforementioned data collection activities included:

- Parliamentary Representatives - Ministry of Agriculture and Food Security
- Ministry of Health and Wellness - Barbados Council for the Disabled
- Ministry of the Environment and National - Lands and Survey Department
Beautification - Natural Resources Department
- Town and Country Planning Department - Department of Emergency Management
- Environmental Protection Department - Coastal Zone Management Unit
- Ministry of Transport, Works and Water - Constant Plantation
Resources - Farmers - River Plantation
- Bureau of Gender Affairs - Buckley Sugar Factory — Barbados Farms
- Barbados Transport Board - Residents in the Project Area (Graeme Hall
- Sanitation Service Authority Swamp)
- Ministry of Education, Technological and - Residents Along Pipe Routes
Vocational Training - Graeme Hall Nature Sanctuary
- National Conservation Commission - Barbados National Trust
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- Barbados Tourism Marketing Inc. - Barbados Environmental Conservation
- The Barbados Hotel and Tourism Trust
Association - National Disabilities Unit
- Barbados Chamber of Commerce - Future Centre Trust
- Barbados Workers’ Union - Barbados Light and Power Company

Subsequent to this phase of consulting with stakeholders, methods such as workshops and a town hall
meeting will be conducted to facilitate exposition, public discussion and debate around the Project in
general and specific elements of the proposed works — potential impacts of constructing the
reclamation facility and the installation of the pipelines, as well as how both components would be
both beneficial and potentially detrimental to the physical, ecological and socioeconomic
environment. These will be periodic, held regularly as a predicted time and location, organized to
facilitate maximum participation across communities and society including the visible participation of
vulnerable as well as directly affected groups.

Chapter 16 of this report details the actions required to undertake a series of consultations with key
stakeholders during the Project Preparation Phase as well as the actions the BWA and its contractor
will need to undertake to engage with the identified stakeholders that were included in public and
informal consultations throughout the Project Implementation phase in compliance with IDB’s ESPS 10
— Stakeholder Engagement and Information Disclosure.

4.5 Gross Green House Gas (GHG) Emission Calculations

For various wastewater treatment technologies, biological treatment technologies generate on-site
GHG emissions during wastewater treatment processes, but physical, chemical, and physicochemical
treatment technologies do not. Off-site emissions refer to emissions from effluent, electricity
consumption, production and transportation of chemicals. Off-site emissions refer to emissions from
effluent, electricity consumption, production and transportation of chemicals. But we exclude off-site
emissions generated by chemicals’ production and transportation due to lack of data for each WWTP,
and they being negligible compared with electricity consumption. CO2 emissions from electricity
consumption are fossil CO2, because they come from coal-fired power generation.

The first step to quantify GHG emissions of a WWTP is to judge the applied treatment technology. If
the WWTP adopts a biological process, on-site emissions from the biological treatment process are
calculated. Otherwise, off-site emissions from electricity consumption and the discharge pathway for
each WWTP are quantified. Calculation of GHG emissions from each emission source was based on
the multiplication of emission factors and activity data. Currently, the South Coast Sewage Treatment
Plant (SCSTP) does not adopt a biological process to treat the wastewater (primary treatment facility)
hence is not a source of on-site GHG emissions. However, off-site GHG emissions arising from discharge
of effluent, via outfalls, of Needham’s Point, GHG emissions from electricity consumption as well as
sludge handling and transportation should be estimate for the purpose of this project activity.

The project intervention is meant to upgrade the SCSTP to a tertiary treatment facility whereby the
addition of on-site GHG emissions will occur with the adoption of a biological process(es) to treat
influent wastewater. Conversely, reductions in off-site emissions and opportunities for gas recovery
and flare can counteract and offset the additional on-site GHG emissions from the secondary and
tertiary stages of treatment.
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5 DESCRIPTION OF THE EXISTING ENVIRONMENT

The existing ESIA delineated the spatial and temporal boundaries within which the environmental and
social settings were considered. Figure 5-1 shows the location of the SCSTP and a section of the
proposed overall pipeline route. Figure 2-3 in Chapter 2.3 of this report shows the complete proposed
route of the pipelines, including the route that follows the historic trailway and branches to the St.
George aquifer recharge point and to the River Plantation.

RINGWell

SCHRIST CHURCH /"
S . RMwelli

Mirn,,
o

. Irrigation Wells
= Pipeline

* Injection and
Monitoring

Figure 5-1: Map of Barbados showing the SCSTP (west) and Outfall (east) (Source: NEMUS, 2021)

The pre-existing conditions of the physical, ecological and social environment in the area encapsulated
by the project’s zone of influence were assessed, with emphasis being placed on the following issues:

- Climate - Air Quality and GHG Emissions

- Geomorphology and Geology - Noise

- Groundwater Resources and Hydrogeology - Waste Management

- Surface Water Resources - Ecology

- Coastal Waters - Urban and Territorial Planning

- Soil Resources - Public Health and Socioeconomics

This report maintains that the existing conditions of the physical, biological and social environment
remain largely relevant and applicable as outlined in the existing ESIA. However, the gap assessment
conducted and the stakeholder engagement process pointed to the need for further emphasizing the
existing conditions of environmentally sensitive areas of special or unique biophysical, socio-economic,
or cultural value. Chapter 5 includes further discussion of the following issues:

- Ecology Inclusive of the Grame Hall Swamp - Hazard Considerations

- Climate - lrrigation Management
- Greenhouse Gas Emissions - Groundwater Resources
- Waste Management - Socioeconomics
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5.1 The Project Site and Situation

The project site begins at the South Coast Sewage Treatment Plant located in Graeme Hall, adjacent to
Graeme Hall Nature Reserve/Swamp to the south, the Department of Agriculture Research Station to
the north, and Harmony Hall to the east. Among them, the Graeme Hall Nature Reserve/Swamp is a
protected site in RAMSAR.

The effluent will be transported in underground pipeline running along the ABC Highway to replenish
and be stored in a non-potable aquifer, the Christ Church aquifer (Pipeline C in Figure 5-2).

The disinfected and filtered reclaimed water will be allocated to agricultural users for use on edible
food crops and for other agricultural irrigation purposes to support the expansion of agricultural
activities and food security in Barbados. Pipeline Section D in illustrates the area to be irrigated. The
Socioeconomic Assessment in Section 5.7 lists all the communities that are in the impact zone for this
project.
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Figure 5-2: General Project Site and Situation
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5.2 The Physical Environment

5.2.1 Groundwater Resources

Six Groundwater Protection Zones have been identified throughout the island by a policy formulated
by the Barbados government. This represented a key step in the process to improve Barbados’ water
quality by preventing bacterial contamination of public supply wells (Vasquez, 2017). The Water
Protection Policy, as outlined by the Planning and Development Department, demarcates six zones —
Zone A to Zone F (see Figure 5-3), with policies for each zone determining what can be built in each
zone and the waste disposal method to be implemented. Table 5-1 shows the requirements for each
of the water zones.

Table 5-1: Water Zones in Barbados as determined by the Water Protection Policy

Water Zone Referred to as Prohibitions

Zone A Exclusion Zone - any development that is not related to the
supply, treatment, and management of
water in  accordance  with the
development plan for the area;

- the land application of a manure-based
fertilizer;

- the storage and disposal of manure;

- the generation of animal waste, manure or
other pathogenic chemicals;

- waste disposal from sugar factories, rum,
plants or other manufacturing or industrial
activities;

- livestock farming or animal husbandry, the
operation of animal sanctuaries or zoos, or
other facility for the housing of animals;

- the operation of landfills; and the use of
suckwells as the primary means of sewage
treatment.

Zone B Pathogen Management Zone - the land application of a manure-based
fertilizer;

- the storage and disposal of manure;

- the generation of animal waste, manure or
other pathogenic chemicals;

- waste disposal from sugar factories, rum,
plants or other manufacturing or industrial
activities;

- livestock farming or animal husbandry, the
operation of animal sanctuaries or zoos, or
other facility for the housing of animals;

- the operation of landfills;

- the use of suckwells as the primary means
of sewage treatment;

- the storage and handling of fuel and fuel
products;

- the storage and handling of dry cleaning
products;

- chemical manufacturing and storage;
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- recycling of metals, automobiles,
applications and machinery;

- use of chemical based fertilizer on land;

- use of chemicals for agricultural purposes
on the land;

- the storage of more than the stated
volume or amount of fertilizers or
agricultural chemicals;

- the storage of more than the stated
volume or amount of domestic or
household cleaners, industrial cleaners or
types of cleaners;

- the operation of crematoriums or landfills

- the storage and handling of fuel and fuel
products;

- the storage and handling of dry cleaning
products;

- chemical manufacturing and storage;

- recycling of metals, automobiles,
applications and machinery;

- use of chemical based fertilizer on the
land;

- the storage of a significant volume of
fertilizers or agricultural chemicals;

- the storage of a significant volume of
household, industrial or other domestic
cleaners;

- the operation of crematoriums or landfills.

waste disposal from sugar factories, rum,

plants or other manufacturing or industrial
activities;

- the storage of a significant volume of
household, industrial or other domestic
cleaners;

- the storage and handling of dry cleaning
products;

- the storage and handling of fuel and fuel
products;

- the storage of a significant volume of
fertilizers or agricultural chemicals.

A Zone E area is an area which does not

recharge or replenish the aquifer and in each

parish where such a zone exists, there shall be
no specific restrictions in respect of an area
located in a Zone E area unless such
restrictions are imposed under the Scotland

District Authority Act, Cap. 395B or the Soil

Conservation (Scotland District) Act, Cap. 396

or under any other enactment.
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Desalination Water Protection Zone | Zone F applies to areas were the feedwater

wells for current or future desalination plants
would be located.

Zone F

The parameters that are included in water quality assessments are listed below in Table 5-2. Effective
comparisons to the standards outlined by the United States Environmental Protection Agency (US-EPA)
could only be conducted provided that the data on water quality resources include the unit of
measurements. It is also important to note the US-EPA does not explicitly stipulate quality standards
for some of the parameters listed below.

Table 5-2: Water Quality of Resources in Different Locations

Parameter Groves Hampton New Market Standard (US-
EPA)
Alkalinity 176.86 193.91 200.21 20000
g /L
Ammonia-N <0.05 <0.05 <0.05 17 mg/L
Amonia-N <0.05 0.17 0.06 -
Bicarbonate 215.81 237.61 244.25 -
Calcium 227.00 233.57 247.46 =
Chloride 48.78 85.89 32.63 250 mg/L
Copper <0.005 <0.005 <0.005 1000 pg/L
Electrical Conductivity 671.00 790.77 618.87 800 - 2,500
pS/cm
Iron 0.01 0.41 0.01 0.3 mg/L
Lead <0.005 <0.005 <0.005 0.015 mg/L
Magnesium 32.24 44.00 25.50 35 mg/L
Manganese <0.005 <0.005 <0.005 100 pg/L
Nitrate-N 6.99 5.79 6.92 10 mg/L
Nitrite-N 0.01 0.05 0.01 1 mg/L
Ortho Phosphorus 0.06 0.07 0.07 -
pH 7.54 7.39 7.32 6.5-8.5
Potassium 3.27 3.50 3.08 =
Sodium 33.90 47.30 23.75 20 mg/L
Sulphate 23.45 26.00 23.68 250 mg/L
Total Dissolved Solids 377.33 435.65 368.09 1,000 mg/L
Total Hardness 257.90 277.45 276.52 -
Total Phosphorus 0.07 0.11 0.07 25 ug/L
Total Suspended Solid = <2 <2 <2 158 mg/L
Clarity should
Turbidity 0.39 0.30 <2 not be reduced
by 20%
Zinc 0.01 0.01 <0.005 -
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Figure 5-3: Barbados Water Zones as stipulated by the Water Protection Policy
Source: The Planning and Development Department

5.2.2 Irrigation Management

The Food and Agriculture Organization (FAQO) claims that 90% of the island’s total irrigation area was
supplied by groundwater resources in 2000. With the influence of agricultural organizations, such as
the Barbados Agricultural Development and Marketing Corporation (BADMC), and their roles in aiding
with irrigation management and supply, the source of irrigation has since diversified. The BADMC
reports their irrigation supply as being sourced from wells and springs.
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Figure 5-4 shows the location of irrigation wells in relation to groundwater flow paths in the project
area.
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Figure 5-4: Groundwater Flow Paths in the Project Area

Due to the water scarcity that is a consequence of dry spells and droughts, water availability and usage
for irrigation and other agricultural activities are restricted. It would, therefore, be beneficial to the
farmers that the proposed pipeline would provide for the availability of water due to reclamation.
Figure 5-5 shows the frequency of periods of drought experienced in the area over the past century.
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Figure 5-5: Decadal Low Rainfall Periods from 1910 — 2016

The graph above shows the frequency with which drought periods have been experienced in Barbados.
There is no evident trend in the frequency of these period. However, it should still be noted that these
periods of drought strain the island’s water resources and restrict the use of water for irrigation. Not
only are agricultural yields and the livelihoods of farmers impacted but low rainfall levels also strain
groundwater reserves. The recognized need for more effective management of water resources, and

by extension management of irrigation practices, would reduce the extent of the aforementioned
impacts.
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5.2.3 Disaster Risk Assessment

Considering Barbados’ largely low-lying topography and geological makeup, the country experiences
earthquakes, small-scale landslides, flash floods, and droughts. Because of the island’s size, natural
disasters like storms, droughts, and earthquakes tend to have impacts that are felt on a national scale.

The hazards to which Barbados is exposed can be categorized into hydrometeorological hazards, as
well as geophysical hazards. The frequency and intensity of these hazards are influenced by the island’s
existing climatic, geomorphological and geological environment as discussed in the existing ESIA. The
hazards that are of paramount relevance to the Barbadian context are flooding, storm surges,
hurricanes and seismic activity. The projected changes in climatic conditions, as discussed in Chapter
5.3, as well as the active faults located on the island are identified as drivers for the increased threat
of these hazards.

5.2.3.1 Dry Spells and Droughts

The climate of Barbados can be divided into a rainy and a dry season. The dry season typically endures
from December to May, a period in which rainfall levels are at a minimum relative to the wet season.
With the reduction in precipitation levels that are characteristic of these dry conditions, the effects of
droughts are especially detrimental to the agricultural sector and food security. The lack of rainfall
compounded by the persistence of high temperatures lead to a reduction in the agricultural yields and
productivity, compromising the livelihoods of farmers. High temperatures are also facilitators of pest
proliferation, and this could further dent agricultural yields. The water scarcity that is also associated
with dry spells would suggest that there would be an overreliance on groundwater resources,
necessitating effective management of groundwater reserves.

5.2.3.2 Heavy Rains, Tropical Storms, Hurricanes and Floods

Barbados is susceptible to all of the principal effects of transatlantic hurricanes, including storm surge
and floods, because of its location along the hurricane belt where most transatlantic hurricanes pass.
However, due to the island’s location in the hurricane belt, it is seldom directly impacted by hurricanes.
Flooding and storm surges are typically as a result of heavy precipitative activity and high winds that
accompany tropical storms, with many hurricanes having passed the small island state as a tropical
storm or weaker.

Still, flooding has been shown to be a frequent nuisance due to the drainage problems along Barbados’
southern shore. The southern coastal region experiences both little, inconvenient floods and major
floods brought on by persistent rain. The United States Agency for International Development -USAID’s
- Country Resilience Profile on Barbados® credits the country’s natural flat and low-lying topography as
a main contributor to flooding incidents. This is also compounded by poor drainage and stormwater
infrastructure in developed regions. Coastal communities may experience coastal floods more
frequently due to the threat of sea level rise brought on by climate change. This kind of flooding would
put the island’s inland water resources at risk of salinization in addition to negatively impacting coastal
economic activity, tourism, and living conditions. Careful considerations should, therefore, be made as
the existing SCSTP lies within the southern region and hence, lies in a flood prone area. Such
considerations include the prioritization of the preservation of the coastal mangroves and wetlands
(i.e., Graeme Hall wetlands), emphasizing their restoration as nature-based solutions by reducing
waste disposal and effluent discharge in these areas. As well, it is important that community education
and awareness campaigns are conducted to inform on the importance of the conservation of these
areas, the risk of flooding, the appropriate responses to early warning systems that should be
implemented and other adaptation and mitigation measures that can be implemented on a
community level. These measures could complement the Integrated Coastal Zone Management (ICZM)

5 https://pdf.usaid.gov/pdf_docs/PAOOXHZD.pdf
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Programme that is a pillar of the island’s environmental conservation, coastal risk management and
climate resilience efforts

5.2.3.3 Seismic Activity — Earthquakes

Seismicity in geology term refers to the occurrence of earthquakes. However, as earthquakes are
caused by tectonic activity which is also the causal factor for volcanic activity, as both are influenced
by the motion of tectonic plates, seismic activity also incorporates volcanic activity. Barbados, being
the only island in the Lesser Antilles that was not formed from tectonic activity but via reef formation,
is not exposed to volcanic activity. An assessment of the geology of the island has shown that there
are active faults located in the island which support earthquake activity.

Despite this, earthquake activity in Barbados has not been a common occurrence, with the most recent
spike in seismic activity occurring in July 2015. According to the UWI-SRC, the region experiences 13
earthquakes with a magnitude greater than 2.5 annually on average. In comparison to areas in the
northern Leewards, close to Antigua, and Trinidad and Tobago, this is relatively low. Generally,
seismicity is at a lower rate in the Barbados Zone than what is seen in the volcanic island arc just west
of the island. In general, only the larger magnitude earthquakes along the arc generate shaking that
can be felt in Barbados and fewer still cause damage. The infrequency of earthquakes to have directly
impacted Barbados is seen in Figure 5-6.

The accompanying tsunami threats, which arise from earthquakes below or near the ocean floor that
cause the floor to shift vertically, also pose a threat to small islands. According to the UWI Seismic
Research Center, at least four tsunamis have affected Barbados in recorded history.

e 1755, 2 m — An earthquake-generated tsunami following the Lisbon Earthquake. The tsunami
travelled from Portugal across the Atlantic with waves recorded in Barbados and Martinique.

e 1762, height unknown — An earthquake-generated tsunami following Azores Earthquake near
Portugal.

e 1902, 2-3 m — Tsunami generated by eruption of La Soufriere Volcano in St. Vincent

e 1939, 2 m — Tsunami generated following the eruption of Kick-‘em-Jenny submarine volcano
off the coast of Grenada.
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Figure 5-6: : Eastern Caribbean Epicenters 1900-2019/07 (Magnitudes 5.0 and larger)
Seismic Map received from UWI Seismic Research Centre

5.2.3.4 Landslides
Small-scale landslides are linked to coastal escarpments where wave activity undercuts the rock,

causing instability. However, Barbados’ primary landslide activity is limited to the northeastern
Scotland District. Landslides are seldom experienced in the southwestern regions of the island where
the SCSTP is situated. Still, the projected increase in the frequency and intensity of precipitative events
can also prove influential to the genesis of more frequent landslides.

5.2.4 Climate and Climate Change

Barbados’ vulnerability and exposure to hazards are largely driven by climate change as the island is
primarily faced by challenges that are directly or indirectly consequent to hydrometeorological events.
Thus, it is important that the projected changes in climatic conditions are established as well as the
existing climatic conditions.

The ongoing issue of climate change has the potential to impact Barbados primarily through the
increased frequency of more severe weather hazards, such as droughts, inundation induced by heavy
rainfall, more intense hurricanes and rising sea levels which threaten saline intrusion of groundwater
resources. The existing ESIA summarizes the existing climatic conditions of the study area. However, it
is also important that projected changes in climatic conditions are identified and considered in the
proposed development. The characterization of projected changes in climatic conditions is based on
projections published by the Inter-Governmental Panel on Climate Change (IPCC) in 2007. The climatic
parameters of the report which prove relevant to the project range from air and sea surface
temperatures to the predictions of extreme weather events.
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Barbados is subject to drastic alterations of heavy rainfall and drought conditions and this
unpredictability is expected to be exacerbated consequent to a changing climate. Projected models by
the IPCC identify air and sea surface temperatures undergoing increases of up to 3.2 degrees Celsius.
The increase in these temperatures are typically associated with increases in heavy precipitative events
as the increased heating of sea and ocean surfaces leads to an accelerated convection process that
fuels precipitation. Heavy rainfall activity has proven hazardous to the Barbados context, as discussed
in Chapter 5.5 below. The IPCC further states that there is a 66% certainty that there will be an increase
in hurricane intensity with higher wind speed peaks and higher volumes of precipitation. This,
therefore, suggests that the Atlantic Hurricane Season which runs from June to November will be
dotted with more extreme cyclonic activities. Still, projection models indicate that the summer months
of June to August will be characterized by lowered precipitation levels.

As Barbados is largely a relatively flat island with minimal highlands of no notable peak heights, the
issue of flooding looms as one of the island’s greatest threats. With the projected increase in extreme
precipitative events, the issue will also persist.

The IPCC also predicts that sea level rise in the region could be observed at levels as high as 0.59 feet
by 2099. This not only threatens the coastal population, infrastructure and resources of small island
developing states, such as Barbados, but is also a casual factor for saline intrusion that alters the quality
of the islands’ groundwater resources. Barbados’ groundwater resources are discussed in Chapter
5.3.1. Sea level rise also has the potential to serve as a catalyst for coastal hazards, such as storm surges
and erosion, which are issues that threaten Barbadian coastal regions.

Of note is the fact that the unpredictability of climate change could suggest that the aforementioned
values of expected changes may experience an increase in their upper boundaries. This is also
compounded by the fact that the IPCC projections do not account for changes in polar ice sheets that
are instrumental to the rate of sea level rise.

5.2.5 Greenhouse Gas (GHG) Emissions

5.2.5.1 Introduction

In the waste sector, wastewater treatment plants (WWTP) are in the second position after landfills
regarding GHG emissions (Bogner et al., 2007) and in the eighth position among stationary sources of
biogenic CO: emissions (USEPA, 2014). GHG emissions are not usually high but, due to climate change
and environmental impact concerns, evaluation of GHG emissions from wastewater became a subject
of great interest. For a wastewater treatment plant (WWTP), the carbon footprint represents the
amount of emissions associated with the collection, treatment and final disposal of the treated
wastewater and of the sludge resulted from wastewater treatment. They include

e Biological processes: Anaerobic digestion, aerobic treatment, and fermentation.

e Energy consumption: Electricity use for pumps, blowers, motors, etc.

e Fugitive emissions: Methane leakage from pipes, tanks, and equipment.

e Chemical processes: Production and use of chemicals such as chlorine or other treatment
agents.

It is important to know the carbon footprint of the WWTP because the measures to reduce it are
related to the ones for improving energy efficiency, hence resulting in better management of the plant.

Globally, the inadequate disposal practices of sludge as well as the use of rudimentary processes for
the treatment of wastewater are being considered as sources of GHG emissions (Larsen, 2015). Global
researchers have focused on several stages of wastewater handling structures such as
sewerage/effluent transportation, building and operation of wastewater and/or sludge treatment
units, and reception or reuse water networks, among others, in the context of GHG emissions, (Ray et
al., 2021). Itis widely known in the literature that the potential for GHG emissions related with WWTS
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is mostly connected with carbon dioxide (CO;), methane (CH4), and nitrous oxide (N»O) gases, (Liao et
al.,, 2020). The operation of these facilities results in direct emission of greenhouse gases from
biological processes such as CO;, N,O and CHs as well as indirect emissions resulting from energy
consumption, transportation etc. which are responsible for CO; emissions, (Mannina et al., 2020).
Earlier focus of sewage treatment plants was on obtaining good quality effluents, but now due to
changed scenario the sustainability of STPs is being considered to ensure economic feasibility and
environmental compatibility. As a result, knowing possible GHG sources and their generating methods
is required in order to design a strategic mitigation and/control plan. Initially, onsite measurement and
mathematical modeling approaches were applied to estimate the GHGs emission from WWTPs, (Hu et
al., 2019). Later on, advanced approaches such as carbon footprint analysis (Parravicini et al., 2016),
life cycle assessment (Rodriguez-Garcia et al., 2012), mass balance analysis (Lim et al., 2012), and
mechanistic dynamic models (Mannina et al.,, 2020) emerged as potentially viable tools and are
frequently used for the prediction of the GHGs emissions potential of WWTPs.

The Government of Barbados, Barbados Water Authority and the Caribbean Community Climate
Change Centre have developed a Green Climate Fund project preparation aimed at building climate
resilience into the wastewater systems of Barbados, specifically for the South Coast sewage Treatment
Plant (ESIA, 2022). According to the ESIA 2022°, the project’s goals are to identify climate change
adaptation upgrade options to achieve tertiary treated effluent quality for the SCSTP and the potential
for wastewater reuse, energy recovery and resource recovery options for primary and secondary
biosolids and associated by-products; and to identify climate resilient design upgrade options for the
wastewater collection system.

This component of the study aims to estimate the carbon footprint for the current configuration of
the South Coast Sewage Treatment Plant and after its upgrade to the South Coast Water Reclamation
Facility, considering both direct and indirect emissions.

5.2.5.2 Site Description

The South Coast Sewage Treatment Plant (SCSTP) is located in Graeme Hall, Christ Church and was
commissioned in 2003. The plant receives sewage from the South Coast sewered districts, which run
from the south edge of Bridgetown to Oistins. The plant is designed to treat approximately 9,000
m3/day of wastewater; with maximum weekly flow of 7,500 m3/day; average BODs: 1,825 kg BOD/day;
average TSS: 2,000 kgTSS/day. There are five Lift Stations connected to the South Coast system which
provides sewage treatment to 51,325 population equivalent (PE). The current treatment process is
mechanical-biological to treat wastewater through a series of course, medium and fine screens, grit
and grease removal with “advanced preliminary standard” (screens with a mesh size of 2mm) at the
Graeme Hall Wetland. The supernatant “screened wastewater” is separated and pumped via a force
main to a marine outfall located at Worthing Beach. The waste for the mechanical separation, during
preliminary treatment, is collected and encased before being transported by trucks to Mangrove Pond
landfill, the only approved site for the disposal of solid waste from this plant (BWA Wastewater
Division).

5.2.5.3 Carbon Footprint Calculations

In order to determine the carbon footprint for South Coast Sewage Treatment Plant, direct and indirect
GHG emissions were taken into account. Direct/onsite emissions, for the current plant, are mainly
methane generated due to sludge fermentation in primary sedimentation tank. While indirect/offsite
emissions are generated by energy consumption for SCSTP supplying, sludge transportation and
landfill and degradation of the remaining constituents in the effluent.

8 Environmental and Social Impact Assessment and Environmental and Social Management Plan for the
R’s (Reduce, Reuse, Recycle) for Climate Resilience Wastewater System in Barbados Preparation Project
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There are different methodologies used for determining the carbon footprint for WWTPs: IPCC - 2006,
WSAA - 2006, LGO - 2008, Bridle — 2008 and NGER — 2009 (Pagilla et al., 2009). Unfortunately, there
is no single methodology eligible for the calculations of process-based footprints. As a result, different
methods for all the processes of sewage water treatment were employed. In this study, the GHG
emissions were calculated using summarized field data during 2019 — August 2023 and the standard
methods for GHG emissions from electricity consumption for maintaining wastewater treatment
processes — Begak et al (2013); activated sludge process — Cakir and Stenstrom (2005); for the
remaining constituents in the effluent and N:0O emissions — IPCC (2006); sludge transportation — IPCC
(2006) and chemical use — Parravicini et al. (2016) were utilized. The data was collected filling out
scientifically designed questionnaires using field data.

The calculation of corresponding CO:eq is performed applying the GWP (global warming potential) of
25 kg COazq/kg CHs and 298 kg COzq/ kg N:0O referring to a time period of 100 years,
(https://www.ipcc.ch/publications and data/ar4/wgl/en/ch2s2-10-2.html).

5.2.5.4 Carbon Footprint of the Existing South Coast Sewage Treatment Plant (SCSTP)
Carbon Footprint of the Existing South Coast Sewage Treatment Plant (SCSTP)

Off-site GHG emissions due to energy consumption at SCSTP
GHG emissions from energy consumption of the sewage treatment system was computed by energy
requirement of SCSTP to operate wastewater, administrative buildings and exterior illumination of the
plant. Electricity is import from the national grid. Table 5-3 showcases the power consumption and
specific COz emissions for electricity. COze emissions were calculated according to Eq. (1) (Bekag et al.,
2013).

COZeq.eIectr = Celectr* E Felectr ( 1)

where: CO;eq elect is the GHG emissions associated with electricity consumption (tCO;eq year™); Celect is
the quantity of electricity consumed by the SCSTP in 2023 (MWh/year) (obtained from questionnaire);
EFelectr is the annual average of COeq emission factor for the electricity sources (tCO; g GWh™)

Table 5-3: Calculation of GHG emissions associated with the grid-electricity consumption

Imported electricity (MWh/year) = CO: emission factor for electricity = GHG emissions associated with

consumed (tCO2/MWh)’ the grid electricity consumption
(tCO2/year)
A B A*B
422.57 0.675 285

Carbon footprint due to the transportation of the enclosed screenings collection by truck

The enclosed screenings collections are transported, via truck, to the Mangrove Pond Landfill for
disposal. The carbon dioxide emissions associated with transportation fuel combustion are taken in
account while the emissions of the other GHG gases are ignored. Table 5-4 illustrates the GHG
emissions associated with the transportation of the enclosed screenings collections to the final
disposal site.

7 https://www.irena.org/-/media/Files/IRENA/Agency/Statistics/Statistical_Profiles/Central-America-and-
the-Caribbean/Barbados_Central-America-and-the-
Caribbean_RE_SP.pdf?country=Barbados&region|D=&countrylD=4b341f83-7a25-49a4-a13a-
aed20386e801
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The CO:2 emissions are determined by Eq. 2:
ETR,sI,y = Zj Zi Ni,y * Di,y * Fi,y * NCVj,y * EFj,y (2)

Where Etrsl,y are the CO2 emissions from transportation of enclosed screenings collection in the year
(tCO2/year); Niy is the number of trips (by vehicle type | with similar loading/vehicular capacity) for
transportation of sludge in the year y (trips); Diy is the average distance per trip, travelled by the
transportation vehicle of the type | for transportation of enclosed screenings collection in the yeary
(km); Fiy is the specific fuel consumption of the transportation vehicle of the type | in the year y (mass
or volume units of fuel/km); NCViy is the net calorific value of the transportation fuel j in the year y
(GJ/ mass or volume units); EFjy is the CO2 emission factor of the transportation fuel j in the year
(tCO2/GT)); 1 is the vehicle type; j is the fuel type used in vehicles. The table below shows how the
calculations for GHG emissions from the transportation of sludge would be calculated. Additional data
is needed for this and was requested from the BWA.

Table 5-4: Calculation of the GHG emissions if enclosed screenings collection is transported by transportation vehicles of one

type
Number of Average Average? Average? Net CO: emissions = GHG emissions
trips made by distance per Specific fuel calorific value factor of the from
the trip, travelled consumption of the transportation = transportation
transportation by the of the transportation fuel (tCO2/GJ) of sludge
vehicle of one | transportation @ transportation fuel (GJ/t or (tCO2/year)
type during a vehicle of one vehicle (t/km GJ/m3)®
year (trips) type (km) or m3/km) &
A B C D E A*B*C*D*E

Carbon footprint due to the methane emissions from wastewater treatment

Methane emissions from wastewater treatment occur in those areas of water treatment plants where
anaerobic conditions exists, e.g., in deep primary sedimentation tanks and in anaerobic zones of
aerobic tanks. As well as, the effluent discharge into the receiving body contains residual organic
matter. Under favourable conditions in the receiving body, this organic matter may undergo anaerobic
decay with methane emission. The component of the carbon footprint will be assigned to the
Barbados Water Authority (BWA) in the case of substandard organic matter of the effluent discharged
into the water body. The estimation of CHs emissions from Domestic Wastewater is a three-step
process as illustrated below, using equations 3, 4, 5:

8 http://www.soglasheniemerov.eu/about/convenant-of-mayors_ru.html

® http://www.soglasheniemerov.eu/about/convenant-of-mayors_ru.html
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Table 5-5 illustrates IPCC worksheet used to calculate the GHG emissions due to methane emissions
from wastewater treatment for the South Coast Sewage Treatment Plant.

Step 1: Quantifying total amount of organics in the domestic wastewater (TOW) (3)

EQUATION 6.3
TOTAL ORGANICALLY DEGRADABLE MATERIAL IN DOMESTIC WASTEWATER

TOW =P e BOD*0.001%]*365

Where:
TOW = total organics in wastewater in inventory year, kg BOD/yr
P = country population in inventory year, (person)
BOD = country-specific per capita BOD in inventory year, g/person/day, See Table 6.4.
0.001 = conversion from grams BOD to kg BOD
I = correction factor for additional industrial BOD discharged into sewers

(for collected the default is 1.25, for uncollected the default is 1.00.)
TOW =51,320 * 13,000 * 0.001 * 1.25
= 833,950 kg BOD/yr.

Step 2: Identify the Appropriate Emission Factor for preliminary sedimentation tank wastewater
treatment (Anaerobic deep lagoon)

(4)

EQUATION 6.2
CH, EMISSION FACTOR FOR
EACH DOMESTIC WASTEWATER TREATMENT/DISCHARGE PATHWAY OR SYSTEM

EF; =B, ® MCF,

Where:
EF; = emission factor, kg CHykg BOD
] = each treatment/discharge pathway or system
B, = maximum CH, producing capacity, kg CHykg BOD

MCF; = methane correction factor (fraction), See Table 6.3.

EFpreliminary sedimentation tank = 0-6 * 0-8 = 0-48 kg CH4/kg BOD
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Step 3: Estimate the total amount of methane emissions from preliminary sedimentation tank -
(anaerobic deep lagoon) for the South Coast Sewage Treatment Plant

(5)

EQUATION 6.1

TOTAL CH,4 EMISSIONS FROM DOMESTIC WASTEWATER

CH, Emissions = Z(U: oI, ® EF, ) (TOW -8 )—R

1.

ij
Where:
CH,Emissions = CH, emissions in inventory year, kg CHy/yr
TOW = total organics in wastewater in inventory year, kg BOD/yr
S = organic component removed as sludge in inventory year, kg BOD/yr
U; = fraction of population in income group 7 in inventory year, See Table 6.5.
Ti; = degree of utilisation of treatment/discharge pathway or system, j, for each income group
fraction 7 in inventory year, See Table 6.5.
i = income group: rural, urban high income and urban low income
] = each treatment/discharge pathway or system
EF; = emission factor, kg CH,/kg BOD
R = amount of CH, recovered in inventory year, kg CH,/yr
Table 5-5: IPCC worksheet used to calculate the methane emissions from wastewater treatment
Sector | Waste
Category Domestic Wastewater Treatment and Discharge
Category Code | 4D1
Sheet 3 of 3 Estimation of CH, emissions from Domestic Wastewater
STEP 3
A B c D E F G
Income Type of Fraction of | Degree of [ Emission Organically Sludge Methane Net methane emissions
group treatment or population utilization Factor degradable removed recovered
discharge income group material in and flared
pathway wastewater
) (Ti) (EF ) (Tow) (S) (R) (CH,)
(kg CH./kg
(fraction) (fraction) BOD) (kg BOD/yr) |(kg BOD/yr)| (kg CH,/yr) (kg CH,/yr)
Example 2 Example 1 G=[(AXBxXxC)x(D-E)]-F
Urban Low  |Anaerobic
income deep lagoon 0.4 0.39 0.48 833,950 0 0 62,446.18
Urban high Anaerobic
income deep lagoon 0.6 0.6 0.48 833,950 0 0 144,106.56
| Total 206,553

Total amount of CHsemissions from preliminary sedimentation tank = 206.53 tCHa/yr.

=206.53 *25

= 5, 163 tCO: eq/yr.
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Estimating indirect N20 emissions from wastewater after disposal of effluent, via outfall at
Needham’s Point

The nitrogen that is not removed during wastewater treatment is discharged into the sea where it
becomes nitrified and denitrified under natural environmentally conditions; resulting in N20
emissions. Such N20 emissions are calculated based on IPCC (2006) equations 6, 7. Table 5-6 displays
the GHG emissions due to nitrogen in the effluent discharged into an aquatic environment.

(6)

EQUATION 6.7
N,O EMISSIONS FROM WASTEWATER EFFLUENT

N ,O Emissions = N ggpr vt * EF gprromvr * 44728

Where:
N0 emissions = N;O emissions in inventory year, kg N>O/yr
N EFFLUENT = nitrogen in the effluent discharged to aquatic environments, kg N/yr
EFerrLuENT =  emission factor for NoO emissions from discharged to wastewater, kg NoO-Nikg N

The factor 44/28 is the conversion of kg N>O-N into kg N>O.

EQUATION 6.8
TOTAL NITROGEN IN THE EFFLUENT

Nggrryant = ( P » Protein » Fypg * Fxox—cov * Fno-conr) — Nszupee

Where:
Nerrruent = total annual amount of nitrogen in the wastewater effluent, kg N/yr
P = human population
Protein =  annual per capita protein consumption, kg/person/yr
Frer = fraction of nitrogen in protein, default = 0.16, kg N/kg protein
Fronconw =  factor for non-consumed protein added to the wastewater
Fpp.com =  factor for industrial and commereial co-discharged protein into the sewer system (7)
Table 5-6: Calculation of indirect GHG emissions from wastewater discharge into the sea
Population Protein Frer Fnon-con Finp-com EFefiuent Indirect GHG emissions
(no. of (kg/person/year) (kg N/kg (kg N0 — = from wastewater discharge
people) protein) N/ kg N) into the sea (tCOz.q/year)
A B C D E F A*B*C*D*E*F*(44/28)
*298*0.001
51,320 32.12 0.16 1.1 1.25 0.005 849

To determine the total carbon footprint of the South Coast Sewage Treatment Plant; the individual
emissions from each GHG source are added to obtain the total emissions for the SCSTP. Table 5-7
showcases the individual contributions of each GHG emission to the total and yearly carbon footprint,
of the existing South Coast Sewage Treatment Plant, based on the summarized data for the year 2023.
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Table 5-7: Carbon Footprint of Existing South Coast Sewage Treatment Plant (SCSTP)

Name of GHG GHG GHG GHG emissions Total GHG
wastewater emissions emissions emissions due nitrogenin | emissions due
treatment based on from due the effluent to the
plant energy transporting | methane in discharge into treatment of
consumption the wastewater an aquatic wastewater
of SCSTP enclosed treatment environment and sludge
(tCO2eq/yr.) screenings = (tCOzeq/yr.) (tCO2eq/yr.) treatment
collection to processes
Mangrove (tCO2eq/yr.)
Pond
landfill
(COZeq/yr.)
A B C D A+B+C+D
South Coast 285 5,163 849
Sewage
Treatment
Plant

Theoretical Carbon Footprint after the upgrade of the South Coast Sewage Treatment Plant
(SCSTP) to the South Coast Water Reclamation Facility (SCWRF).

The upgrading of the South Coast Sewage Treatment Plant to the South coast Water Reclamation
Facility (SCWTF) is still underway. Therefore, the calculation of the GHG emissions associated with the
SCWTF will be based on the design data. The source of this could be found within the pre-feasibility
study conducted by the AECOM in 2020.

Off-site GHG emissions due to energy consumption at SCSTP

With the efforts of the Government of Barbados to upgrade the SCSTP to treat wastewater to
secondary and tertiary treatment levels, the energy requirement needs will increase due to the
anticipated technologies (four-stage Bardenpho conventional activated sludge, disk filtration process,
UV disinfection and reverse osmosis) to be employed. Therefore, the theoretical power consumption
to operate the anticipated treatment technologies is required; thereby increasing the GHG emissions.
However, there is an opportunity to offset this increase in energy needs with the production of biogas,
through the anaerobic digestion of the activated sludge produced via the conventional activated
sludge treatment. The same equation will be used to calculate the GHG emissions associated with the
consumption grid-based electricity and are displayed in Table 5-8.

CO2¢q emissions were calculated according to Eq. (1) (Bekag et al., 2013).

COZeq.eIectr = Celectr* E Felectr ( 1)

where: CO;eq elect is the GHG emissions associated with electricity consumption (tCO;eq year™); Celect is

the quantity of electricity consumed by the SCSTP in a year (MWh/year) (obtained from

questionnaire); EFeectr is the annual average of CO2.q emission factor for the electricity sources (tCO;
GWh™)

eq
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Table 5-8: Calculation of GHG emissions associated with the grid-electricity consumption

Imported electricity (MWh/year) = CO2 emission factor for electricity = GHG emissions associated with

consumed (tCO2/MWh) 10 the grid electricity consumption
(tCO2/year)
A B A*B
9,379.70 0.657 6,163

GHG emissions from the Conventional Activated Sludge process

These emissions are calculated according to Cakir and Stenstrom (2005). The data requirements for
such calculations are annual average values influent and effluent COD and BODs (mg/L) as well as
average daily flow (m3/day).

Total GHG emission is calculated according equations 8, 9, 10:
CO2eq Asp = Ycoz asp * Oasp (8)

where: COASP2eq is the total GHG emission, for activated sludge process (CO eq/day); YASPCO?2 is the
production factor of CO, in the aerobic process with activated sludge (= 1.37 kg CO»/kg BODs); 0O**" is
the amount of O, needed for the process with activated sludge (kg O,/day)

Oasp = Quwint * (BODs inf — BODs, eff) - 1.42 * X (9)

where: Quw inf is the average daily flow (m3 day™) (data was obtained from the questionnaire); BODs
inf is the influent BODs (mg I71); BODseff is the effluent BODs (mg I72).

X is the biomass production, (kg/day)
X = (Yobs * Quwinf * (BODs inf- BODs eff))/1000 (10)
Yobs is the observed biomass yield, g volatile suspended solids (VSS)/g BODs

Yobs = y/(1+kd * ¢

where, Y is the biomass yield, 0.5 mg VSS mg™! BODs; kd is the degradation rate of BODs, 0.06 day™2%;
B is the sludge retention time for the activated sludge process. The average value used can be
obtained from the questionnaires.

Such emissions are not considered in the final balance for carbon footprint because they include
only COz emissions release from organic matter decomposition in activated sludge process which
have biogenic origin.

Usually there are no CHa emissions from activated sludge processes but they can occur due to
improper operation and/or overloading. Oxidation ration, the degree of removal organic matter, is
given by eq. 12.

Oxidation ratio = (CODinf — CODetf)/CODinf (11)

Considering the current CODinf value (1,491,025 kg COD/yr.) and the theoretical CODes value after
secondary and tertiary treatment (120,450 kg COD/yr.). The oxidation ratio equals 0.91. Since the
oxidation ratio is greater than 0.8, methane emissions can be considered zero, Begak et al. (2013).

0 https://www.irena.org/-/media/Files/IRENA/Agency/Statistics/Statistical_Profiles/Central-America-
and-the-Caribbean/Barbados_Central-America-and-the-
Caribbean_RE_SP.pdf?country=Barbados&region|D=&countrylD=4b341f83-7a25-49a4-a13a-
aed20386e801
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GHG emissions from the degradation of the remaining constituents in the effluent from the
South Coast Water Reclamation Facility

The nitrous emissions from wastewater will be recalculated for the new plant based on IPCC (2006)
guidelines per Egs. (12,13,14)

Where N20 total — total N20 emissions, (kg N20/yr.); N20Oscste — total N20O emission from plant, (kg
N20/yr.); N2Qeft — total N20O emissions from remaining nitrogen in the wastewater effluent, (kg N20/yr.);
Nef — the amount of nitrogen associated with N20 from plant (removed in wastewater treatment
processes), (kg N/yr.); EFi— emission factor, 3.2 g N2O/person/yr.)

N2Ototal = N2Oscwrr + N2Oeff (12)
=205.28 + 2,848.35
= 3,054 Kg N.O/yr. * 298 * 0.0001
=910 t COzq/yr.

N2Oscwrr = PE * EFi * Fic (13)
=51,320 * 0.032 * 1.25
= 205.28 kg N20/yr.
= 61 tCO2./yr.

N20eff = Neff — Nwwt =
= (PE * Pr * Fner * Fnc * Fi.c— PE * EFi * 28/44) * EFert * 44/28 (14)

= [(51,320 * 32.12 * 0.16 * 1.1 * 1.25) — (51,320*0.0032*1.25*(28/44)}*
0.005*(44/28)

= 2,848.35 Kg N20/yr.
= 849 tCOZEq/vr.

GHG emissions from transportation of the sludge to Spencers, Christ Church

Using the same methodology expressed via equation 2, the hypotheoretical amount of sludge (t/yr.)
generated from the secondary treatment process is needed to determine the number of trips required
to transport the mass of sludge produced to be used, in some form of land application in Spencers
Christ Church. If the type of vehicle(s) used are to be upgraded; then the specific fuel consumption of
the transportation vehicles is required along with the type of transportation fuel to determine its net
calorific value. The GHG emissions associated with the transportation of sludge to final disposal are
displayed in Table 5-9.
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Table 5-9: Calculation of the GHG emissions if sludge is transported by transportation vehicles of one type, to Spencers,
Christ Church
Number of Average Average? Average? Net CO:z emissions = GHG emissions
trips made by distance per Specific fuel calorific value factor of the from
the trip, travelled consumption of the transportation = transportation
transportation by the of the transportation fuel (tCO2/GJ) of sludge
vehicle of one | transportation @ transportation fuel (GJ/t or (tCO2/year)
type during a vehicle of one vehicle (t/km GJ/m3)
year (trips) type (km) or m3/km)
A B C D E A*B*C*D*E
34 15 0.0003 37.952 0.0741 0.43

Once provided, the GHG emissions associated with the transportation of the enclosed screenings
collection to the Mangrove Pond Landfill should be included in the above calculation.

GHG emissions from sludge disposed at Spencer’s Plantation in Spencers, Christ Church

The sludge management system is designed to produce biosolids to meet US EPA CFR 40, Rule 503
Class B for beneficial end use. Hence there are a number of options for the fate of the sludge. Those
options include use in restricted agricultural as nutrient rich soil amendment, other land applications,
as a landfill cover material, disposed in a landfill or recovery of sludge for the generation of bioenergy.
The end use of the sludge is yet to be determined by the Government of Barbados. Fortunately, GHG
emissions associated with the transportation of sludge to Spencers, Christ Church would suggest a soil
amendment application resulting in emissions attributable to the agricultural sector and not the South
Coast Water Reclamation Facility.

However, if the Government of Barbados decides to landfill the sludge but not as a cover material; the
hypotheoretical amount of sludge generated, after the secondary treatment stage, will be needed to
calculate the CH4 emissions generated using equation 15 and results showcased in Table 5-10.

ECH4,wwt,sI,y = Msl,dry,y * MCFSl * DOCSl,dry * DOCF * F * 16/12 *GWPCH4 (15)

Where Echs, wwt,sly are the methane emissions from decomposition of sludge in the year y (tCO2eq/year);
Msidaryy is the quantity of sludge dry matter (t/year) (obtained by questionnaire); MCFsidry is the
methane conversion factor, which depends on the type of sludge disposal site (fraction); DOCsl,dry is
degradable organic content in the dry matter of sludge disposed in the year (fraction); DOCk is the
fraction of degradable organic content dissimilated to biogas (fraction); F is the fraction of methane in
the gas (fraction); 16/12 is the ratio of molar masses of methane and carbon; GWPcu4 is the Global
Warming Potential of methane (tCOz2eq/tCHa).

Table 5-10: Calculation of the GHG emissions if sludge is taken to Spencer’s Plantation in Christ Church

Quantity of Methane Degradable Fraction of Fraction of GHG emissions if
the sludge conversion organic degradable methane in sludge is disposed to
disposed to a factor content of organic the gas a landfill (tCO2eq/year)
landfill (dry (fraction) sludge (dry content (fraction)
weight basis) weight basis) dissimilated
(fraction) to biogas
(fraction)
A B C D E 25*A*B*C*D*E*16/12
608 0.5 0.5 0.5 0.5 1,267
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For reporting purposes, the GHG emissions associated with sludge taken to Spencer’s Plantation in
Christ Church will be zero.

GHG emissions due to the use of chemicals at the South Coast Water Reclamation Facility

The theoretical amount (kg) and type of polymer chemicals to be utilized before and after the
aerobic digestion of sludge will be needed; to account for the chemical decomposition of such
chemical into the generation of CO2 emissions. The amount of polymer will be multiplied by emission
factor ranging from 1.182 to 4.25 kg CO2eq/ kg polymer depending on the type of polymer(s) used.

The results for total GHG emissions of the South Coast Sewage Treatment Plant and after the upgrade
to the South Coast Water Reclamation Facility are illustrated in Table 5-11.

Table 5-11: GHG emissions for SCSTP before and after rehabilitation

Before Upgrade to South Coast Water
SCSTP Reclamation Facility
Electricity 285 6,163
Enclosed screenings 0.43
GHG sources collection/Sludge
(tCOzeq/year) transportation
Enclosed screenings - 0
collection/Sludge
Landfilling
Chemical Usage -
CHain wastewater 5,163 -
treatment
Remaining 849 849
constituents in
effluent
Direct N20 emissions - 61
Average daily Flowrate 9,000 9,000
(m?/year)

CO2eq, normalized, (kg COZeq/m?’)
CO2¢q, normalized, (kg COZeq/PE and year)
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5.3 Water Quality

5.3.1 Groundwater quality

The existing ESIA indicates that climate change may result in saline intrusion in groundwater; however,
based on the data received, the Gibbons Boggs and Pegwell Boggs wells may be already experiencing
some amount of saline intrusion. The information presented in the BADMC Quality data set shows
where the wells have high levels of TDS and its contributing ions (e.g., sodium, chloride and calcium,
magnesium). If the existing conditions are not due to saline intrusion, the cause of these elevated
levels needs to be determined to ascertain the current condition of groundwater quality as this can
impact irrigation and better inform the treatment process that the STP will employ.

Baseline information over a period of at least two years for parameters including but not limited to
total dissolved solids, alkalinity and its various species, chloride, sulfate, nitrate, fluoride, sodium,
potassium, calcium, magnesium, iron, copper, E. coli, lead, cadmium, chromium, polycyclic aromatic
hydrocarbons, oil & grease, pH, turbidity, conductivity, total coliforms, dissolved oxygen, temperature,
biochemical oxygen demand, chemical oxygen demand, ammonia, nitrite, phosphates, boron, arsenic,
aluminium, mercury, selenium, faecal coliform, pseudomonas and sodium absorption ratio should be
collected. Monitoring should be done in the pre-construction phase in three month intervals for at
least two years. Monitoring should also be continued in the Construction and Operations phases in six
month intervals — throughout the entire duration of the Construction Phase and for as long as needed
in the Operations Phase, as per Section 4.1.3 of the ESMP prepared by NEMUS in 2021.

The existing ESIA also indicates that reports reviewed by the BWA show that the nitrate levels have
risen across the entire island. Although the ESIA indicates where this data was taken from, this should
possibly be presented in the ESIA or in an Appendix to corroborate the statement made. The data
should be presented for third party evaluation for information or decision-making purposes. Data
should be shown to qualify data quality.

These factors underscore the importance of establishing a baseline for groundwater quality as
explicitly outlined in various chapters of the ESIA and ESMP. This will allow as stated in the ESIA a better
understanding of the potential impacts (positive or negative) of the upgraded STP.

The document refers to the lack of knowledge of the aquifer and groundwater quality. The lack of
information on the aquifer and groundwater can allow for inadequate preparations and mitigation
strategies to implemented, as well as the inaccurate identification of risks and impacts. The prior ESMP
identifies a water (groundwater, surface water, coastal water and effluent) monitoring protocol that
should be adhered to prior to the construction and operation of the upgraded STP. We believe that
this should be strongly adhered to address a major gap present in the ESIA.

5.3.2 Graeme Hall Swamp

On page 4 of the ESIA’s Executive Summary, the text mentions that the salinity levels in the Graeme
Hall Swamp have evolved from a brackish pond to a near freshwater pond and has increasing levels of
nutrient, microbial and other parameters associated with water clarity. The ecology and water quality
in the area may be impacted by works and should be considered in light of the proposed project. The
impact to the current ecology in the area needs to be properly assessed given the proposed works and
its influence on surface drainage and changes in ecological behaviour. This may affect the ecology of
the area as the water may shift from fresh to brackish, especially if the sluice gate is reopened.

The raw data mentioned on page 5 of the Executive Summary of the ESIA needs to be presented (at
least in an appendix). The data should be presented for third party evaluation for information or
decision-making purposes and needs to be shown to qualify data quality. The quality control features
of the data set should also be shown. This is a major concern in reviewing and evaluating the existing
water quality data available under the project. Additional information on the quality of the Graeme
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Hall swamp needs to be done over a predefined period to determine the extent to which successful
implementation of the Project would have an impact (positive or negative) on the swamp’s water
quality. The parameters to be considered for this additional monitoring include those presented in the
ESMP (temperature, pH, salinity, conductivity, turbidity, dissolved oxygen, TSS, TDS, BOD, COD,
ammonia, nitrate, nitrite, total nitrogen, total phosphorus, chlorophyll a, faecal coliform, feacal
enterococci, E.coli, volatile and semi-volatile organic compounds, oil and grease, heavy metals and
pesticides. Chapter 6 presents the potential impacts identified that may affect the existing conditions
of the swamp.

5.3.3 Coastal Water Quality

There is not much water quality data for the coastal areas outside of microbial information. Other
parameters may need to be monitored to assess the current quality of the water and the impacts that
the STP may have had. The water quality of the bathing beach and its potential impacts on humans
and the environment is unknown outside of the microbial impacts. This will also enable the ability to
determine if the upgraded STP has had a positive effect on the coastal water quality. Information from
the University of the West Indies (UWI) can be sought if possible.

If additional data from UWI is not available, additional water quality monitoring will have to be done
at the possible outfall locations and other coastal areas that may be impacted by the operations of the
sewage outfall. Parameters that should be measured at all locations include those presented in ESMP
(heavy metals, nutrients, microbial parameters, residual chlorine, turbidity), as well as ammonia,
suspended solids, biochemical oxygen demand, E.coli and chlorophyll.

The cumulative impacts of the BSTP and the SCSTP were determined and presented in Chapter 6.3
since the outfall locations are nearby to each other and may have the potential to result in greater
pollution of the surrounding environment (especially in ecologically sensitive areas). If both outfalls
are discharged in similar areas, the impacts to the water and ecology in that area may be exacerbated
especially given the current issues highlighted in the ESIA.

5.3.4 Effluent Quality

Page 22 of the ESIA (Chapter 2.4.2.2) indicates that the overflow will not be disinfected before it enters
the environment. This may result in elevated microbial levels entering the water bodies which can have
negative impacts on the environment.

The ESIA also indicates that the water treated through the RO will be mixed with a side stream water
to meet a TDS of 450 mg/L. The quality of this water will need to be tested prior to its use for
agricultural purposes as the water treated by the RO will be stripped of useful ions which can reduce
water pH and have other impacts on the receiving environment. The water may be stripped of other
useful ions at this point (e.g., Ca, Mg) which may reduce water pH and have other impacts (reducing
the waters’ suitability for agricultural use).

The ESIA further indicates that three separate effluents may be discharged into the sea but does not
indicate whether these will be mixed or discharged on separate occasions. The separate discharges
may have different impacts on the water body and will need to be assessed separately or as a
combination depending on the disposal process.

The effluent quality will also need to be tested for the same parameters presented in the groundwater
quality to ensure that a system is designed to ensure that the reclaimed water to be used meets the
necessary levels for use as an agricultural water source. This will be part of the ESMP for operation.
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5.4 Air Quality and Noise

Scenario Al elaborated in the existing ESIA was selected as the most probable scenario. However,
following subsequent conversations this choice may not be used. The final decision on the route of the
pipeline has not been concluded in order to properly assess air quality impacts. PM10 and PM2.5
should be assessed. Noise will need to be reassessed dependent on the pipeline route.

A key barrier to managing and monitoring air quality in Barbados, in general, is the fact that there is
limited data on the actual levels of ambient air quality pollutants that are present in Barbados’ air. This
is according to the EDP’s 2022 presentation on Ambient Air Quality Management in Barbados?®. Still,
there have been monitoring projects overseen by the EPD that monitors particulates such as SOx, NOx,
03, and CO. These monitoring projects were undertaken to identify trends in these trends. The closest
location to the Project Area where monitoring was done is the Environmental Protection Department
Office.

The findings from these monitoring programmes showed that air quality, especially in the developed
regions of the island, are impacted by various sources, including power plants, vehicles, manufacturing
plants; construction and pesticides. The air quality was also found to be influenced by natural sources,
such as the Saharan dust clouds that frequent the island as well as from the rare occurrence of volcanic
eruptions in neighbouring Caribbean islands. With Barbados being a small, densely populated country,
it was further found that the varying land uses influence air quality, particularly via the use of pesticides
in agricultural use. Due to the lack of ambient air quality data, it is the focus of the EPD to enhance the
island’s capacity to monitor ambient air quality, as well as to develop a more comprehensive ambient
air quality legislation.

As it relates to noise, noise management and monitoring in Barbados is similar to that of ambient air
quality in that there is limited data and noise generation and a need for a more comprehensive
legislation governing the management of noise pollution. Despite the availability of data, it is expected
that the greater levels of noise generated would be observed in the more developed areas in the island.
Areas neighbouring the existing SCSTP, being a more developed region than the areas through which
Pipeline Section B and Pipeline Section D would pass through would generate more noise. This is as
there is a greater presence of commercial activities and traffic, two primary sources of noise generation
identified by the EPD.

5.5 Biodiversity Assessment

With regard to terrestrial ecology, Barbados has undergone significant land use changes over the past
two centuries, resulting in the depletion of native forests and natural areas. Given this context, the
remaining natural areas are of paramount importance and must be preserved to effectively address
the challenges associated with climate change in Barbados, including (but not limited to) rising
temperatures, increased drought periods, and more intense rainfall. According to findings by Helmer
et al. (2008), approximately 60% of Barbados' land has been converted to agricultural use, with over
20% designated as urban or built-up areas, and more than 3% classified as barren land. This extensive
alteration of the landscape poses inherent risks when assessing adaptation strategies to climate
change, particularly concerning water and carbon cycles. For instance:

e Urban or built-up areas, covering over 20% of Barbados' total area, disrupt natural water and
carbon cycles. These areas prevent the absorption of water into the ground or its return to the
atmosphere, leading to surface runoff.

e Agricultural lands, occupying nearly 60% of Barbados' landmass, primarily absorb water into
the organic matter of cultivated crops. However, this process often results in the depletion of

" https://globalcleanair.org/wp-content/blogs.dir/95/files/2022/11/Ponencia-3.-Lianda-Chapman.pdf
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soil nutrients, exceeding its natural recycling capacity. Consequently, additional nitrogen and
phosphorus inputs are required to sustain agricultural productivity.

5.5.1 Flora

A more recent study from Trotz et al. (2018) indicated the existence of four endangered plant species,
all of which are classified as "least concern" by the International Union for Conservation of Nature
(IUCN). However, a December 2020 consultation of the official IUCN Red List did not list any plant
species for the country. Three of the listed species may have been present in the past but have not
been identified in recent surveys conducted in 2010, 2012, and 2018:

Pereskia aculeata (Barbados Gooseberry): Classified as "least concern," this species is widely
distributed in the Caribbean and Central America but is not found in Barbados. It typically occurs in
forests up to 1,200 meters above sea level and may have been present in Barbados in the past, given
its common name, but the remaining forested areas seem unable to support it.

Malpighia glabra (Barbados Cherry): Also classified as "least concern," this species is widely
distributed in the Caribbean, Central, and Northern America but is absent from Barbados. Similar to
the Barbados Gooseberry, it is a forest species that may have existed in the country in the past, but
the limited remaining forest patches cannot sustain it.

Juniperus barbadensis var. barbadensis (Barbados Cedar): Classified as Critically Endangered, this
species was formerly known in Barbados but is now officially extinct in the country. It was cut down
before 1700, and its habitat was converted to sugar cane fields over 280 years ago.

5.5.1.1 Graeme Hall Swamp

Graeme Hall, officially designated as Graeme Hall Swamp (GHS), is a wetland located downstream from
the South Coast Sewage Treatment Plant (SCSTP) and adjacent to the shore. It is surrounded by
agricultural land and urban areas, making it a vital natural area in Barbados. GHS is particularly
significant as it houses the last significant mangrove ecosystem in the country, spanning approximately
33 hectares. The wetland comprises two distinct areas: the western portion, covering 13.68 hectares,
is privately owned and designated as the Graeme Hall Nature Sanctuary (GHNS), while the eastern
portion, covering 19.37 hectares, is owned by the Barbados Agricultural Development and Marketing
Corporation.

A notable feature of GHS is a 12-acre (4.86 ha) artificially created lake, which is the largest body of
inland water on the island and attracts various species of aquatic birds. The wetland serves as a central
drainage point for a 1,158-acre (468.6 ha) watershed. Historically, GHS interacted with marine seagrass
beds and shallow nearshore hard coral reef ecosystems, forming a cohesive ecosystem. However, the
connection to the marine area is currently controlled by a narrow sluice gate, which has been
permanently closed since 2006 due to deterioration. The wetland also features a network of man-
made drainage canals intended to regulate water levels and attract birds.

In terms of habitats, GHS comprises mangrove areas, grasslands, shrublands, woodlands, and sedges.
These habitats support diverse flora and vegetation, making GHS the last remaining area in Barbados
with natural vegetation. Given its natural importance, GHS plays a crucial role in mitigating the effects
of climate change, providing resilience against extreme weather events such as droughts and heavy
rainfall. An ecosystem assessment conducted in 2010 confirmed the presence of various species and
highlighted the importance of preserving these habitats for the well-being of ecosystems and
communities. Recognizing its ecological significance, GHS was designated as a RAMSAR site of
international importance in April 2006. There have also been proposals to elevate its status to a
National Park, along with adjacent agricultural areas, to serve as buffer zones. However, progress on
this proposal has been limited.
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