Rethinking Jamaica's Energy
Infrastructure

A Distributed Resilience Model for a Hurricane-Prone Island Economy

Jamaica's electricity grid was designed for a different era—one of centralized generation and one-
way power flow. In a hurricane-prone, fuel-import-dependent island economy, this architecture has
become a liability rather than an asset. This concept document proposes a fundamental redesign of
the residential power system: treating the national grid as a backbone and failsafe while shifting a
substantial share of household energy production to distributed rooftop solar paired with modest
battery storage. The goal is not grid defection, but distributed resilience that keeps households

powered when transmission fails and reduces vulnerability to external shocks.
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Executive Summary

This document presents a dwelling-segmented approach
to distributed energy resilience, prioritizing standardized
rooftop solar for single-family homes paired with 6-10
kWh of storage and bidirectional grid integration. The
model transforms households into distributed generators
while the utility evolves toward a grid-services platform.
This is not simply a technology proposal—it is a regulatory
and economic redesign timed to Jamaica's 2027 utility
license horizon.

Jamaica's housing stock is approximately 90.4%
detached single-family dwellings, making rooftop solar
physically plausible at scale. However, the current utility
revenue-cap mechanism creates a 'death spiral' risk
where fixed grid costs shift onto non-adopters as affluent
households reduce consumption. Any credible
distributed-resilience program must therefore address

regulatory pathway design, not just panel installation.

Physical Plausibility Political Urgency

Housing stock dominated 2027 license renewal
by detached homes with
independent roof control
and adequate area for PV utility business maodel

arrays evolution

creates policy window for

regulatory redesign and

Core Thesis

Segment by dwelling type:
single-family rooftops as
primary deployment,
building-level storage for
apartments, community
solar for dense areas,
feeder buffers, utility focus
on commercial reliability,
and evaluation of firm low-
carbon baseload over the
long term.

Economic Necessity

High electricity costs and
revenue-cap dynamics
require explicit cost-
recovery pathway to

prevent two-tier system
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The Resilience
Gap

Hurricanes expose a
fundamental architectural
flaw in Jamaica's
centralized grid: when
transmission and
distribution assets fail,
entire regions lose power
regardless of local
demand or generation
capacity. This
concentration of risk is
not a technical accident—
itis the designed
outcome of 20th-century
utility architecture that
prioritized economies of

scale over redundancy.

During Hurricane Ivan
(2004) and subsequent
major storms,
communities waited days
or weeks for restoration
even when local
generation capacity could
have served critical loads.
Centralization makes
restoration sequential
and slow; distributed
systems enable parallel

recovery and localized

resilience.

Problem Framing: Three
Interconnected Gaps

The Cost-and-
Trust Gap

Jamaica faces
persistently high
electricity costs coupled
with significant non-
technical losses from
electricity theft. The
current enforcement
approach treats theft
primarily as a policing
issue, creating an
adversarial dynamic
between utility and
community that weakens
the social contract around
grid service.

This framing misses the
underlying access and
affordability layer; when
formal electricity is
unaffordable, informal
access becomes a
survival strategy. Policy
responses that focus only
on enforcement without
addressing cost and
accessibility will continue

to fail.

The Housing-
Stock
Constraint

Rooftop solar feasibility is
not a simple yes-or-no
question at the national
level—it is fundamentally
a segmentation problem.
Detached houses,
attached townhouses,
and apartment buildings
have vastly different roof-
area-to-demand ratios
and governance
structures.

A detached home
typically has independent
roof control and adequate
space for a meaningful PV
array. A high-rise
apartment must share
limited roof area among
dozens or hundreds of
units. Policy designed
around national averages
will fail both segments.




Design Principles: Building for Reality

U

Resilience Over
Efficiency

Distributed systems survive
localized failure; centralized
systems often do not. The
primary design objective is not
Mmaximizing generation
efficiency or minimizing
levelized cost—it is ensuring that
household power remains
available during grid disruptions.
This principle inverts traditional
utility planning, which optimizes
for lowest cost under normal

conditions.
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Equity is Structural

Without community-scale
options and targeted financing,
distributed energy adoption
becomes a 'secession of the
solvent' that leaves lower-
income households behind with
higher unit costs. Equity must be
designed into system
architecture from the beginning,
not added as an afterthought or
pilot program.
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Segment, Don't
Average

Design by dwelling type, parish
density, and tenure patterns—not
national mean values. Kingston
requires different solutions than
Westmoreland; apartment
buildings need different
strategies than detached homes;
renters face different constraints
than owners. Policy based on
aggregate statistics will produce
inequitable outcomes and
implementation failure.
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Workforce is
Infrastructure

Every deployment should train
and employ local technicians;
capacity is an outcome, not a
prerequisite. Maintenance and
troubleshooting capability
distributed across communities
enables faster recovery and
creates economic value beyond
energy generation. Skills

development must be integral to

implementation design.
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Grid as Platform

Shift the utility business model
from selling kilowatt-hours to
providing stability, capacity
coordination, and system
services. In a high-distributed-
generation future, the grid
becomes the integration layer
that balances variable
generation, manages voltage
and frequency, and provides
backup capacity—not the
primary generation source.




Housing Stock Analysis: Where
Rooftop Solar is Viable

The 2011 census recorded 711,331 housing units nationwide, with approximately 90.4% classified as
detached single-family houses and about 7.6% as attached units including townhouses, duplexes,
and apartments. This distribution is not uniform across parishes: Kingston shows only 70.5%
detached housing compared to 97.5% in Hanover, reflecting different urbanization patterns and

economic development histories.

This housing typology matters profoundly for solar deployment strategy because detached homes
offer independent roof control and typically adequate roof area for meaningful PV arrays, while high-
rise units must share limited roof area among many households. The physical constraint is not solar
resource availability—Jamaica has excellent insolation—but rather the roof-area-to-household-

demand ratio and governance complexity.
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Rooftop Suitability by Housing Type

Detached Single-
Family Homes

High Suitability (70-
80% physically
viable)

These dwellings represent
the primary target for
distributed rooftop solar
deployment. They offer
independent roof control,
adequate surface area for
meaningful PV arrays
(typically 3-10 kW depending
on roof size and orientation),
and straightforward
installation without
governance complications.

Main exclusions from the
70-80% viability estimate
include poor roof structural
condition requiring repair
before panel installation,
heavy tree shading that
reduces generation below
economic thresholds, and
roof orientations or pitches
unsuitable for efficient solar
capture. Even with these
exclusions, the detached
housing segment represents
Jamaica's largest and most
accessible distributed

generation opportunity.
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Townhouses &
Duplexes

Moderate Suitability
(case-by-case
evaluation)

Low-rise attached housing is
technically feasible for
rooftop PV but introduces
governance complexity
absent in detached homes.
Roof ownership and access
rights must be clearly
defined, and in many cases
homeowners' associations
or shared-ownership
structures require
coordination across multiple
households.

Roof-per-unit area is
typically smaller than
detached homes, which may
require more careful system
sizing to match household
demand and available space.
However, these units should
not be excluded from
deployment strategies—they
require different contract
structures and community
coordination mechanisms
rather than different
technology.

High-Rise
Apartments

Low Direct Suitability
(typically <20% of
units)

Multi-story apartment
buildings face fundamental
geometry constraints: roof
area must be shared among
many units, making per-
household rooftop allocation
impractical in most cases. A
50-unit building might have
sufficient roof area for 5-10
kW of generation, which
must then be allocated
across all households or
dedicated to common-area
loads.

The appropriate strategy for
high-density housing is
building-level storage and
generation rather than
household-level systems.
This includes PV for common
areas (elevators, pumps,
hallway lighting) and battery
storage for time-of-use
arbitrage and backup power.
Community solar programs
also become relevant for
apartment residents who
cannot access rooftop space.




The Distributed Resilience Model: Six

Layers

The model is intentionally segmented by dwelling type and system function. The goal is not mass 'grid

defection'—which would destabilize system finances and harm non-adopters—but rather to reduce household

vulnerability and system-wide outage impact while maintaining grid stability. Each layer addresses a specific

segment of the built environment and serves a distinct resilience function.

01

02

Single-Family Rooftops
Primary deployment target

Standardized PV systems (3-10 kW depending on roof
size) paired with 6-10 kWh battery storage and smart
inverters. Households generate during daylight, store
excess for evening use, and treat the grid as backup
and market interface rather than primary power

source.
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Bidirectional Grid Integration
Technical and regulatory foundation

Interconnection standards, protection system
upgrades, and compensation rules that treat homes
as distributed generators. This layer enables
households to export excess generation when
beneficial and import when needed, with appropriate
technical safeguards and economic signals.
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Apartment Building-Level
Systems

High-density residential resilience

Building-scale storage (flow battery or lithium
depending on use case) to support elevators, water
pumps, common areas, and time-of-use arbitrage.
Rooftop PV where viable, with generation allocated to
shared loads first.
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Community Solar Sites
Dense and informal settlements

50-200 kW installations on community land with
shared storage, subscription-based access, and local
governance structures. Explicitly designed to provide
affordable legitimate access in areas with high non-
technical losses, addressing theft through affordability
rather than enforcement alone.
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Feeder and Substation Buffer
Storage

Utility-deployed stabilization

Strategic storage at distribution substations and
feeders to absorb midday PV generation, manage

voltage and frequency fluctuations, increase local
resilience during transmission failures, and defer

traditional infrastructure upgrades.

Firm Low-Carbon Baseload
Long-horizon insurance layer

Evaluation of firm capacity options including small
modular reactors (SMRs) as the system's backup for
prolonged low-solar periods, demand growth, and
multi-day resilience requirements. This layer provides

the ultimate backstop for a solar-heavy system.




Regulatory Economics: Why Technology Alone
Fails

Revenue-Cap
Dynamics

Under Jamaica's revenue-cap
regulatory model, the Office of
Utilities Regulation approves a total
revenue requirement for the utility,
and tariffs adjust to meet that
requirement even if sales volumes
decline. This means if affluent
households install solar and reduce
their grid consumption, the fixed
costs of maintaining the
transmission and distribution
system must be recovered from
fewer kilowatt-hours sold to
remaining customers.

The result: unit costs rise for non-
adopters, which increases their
incentive to install solar and further
reduce grid purchases, creating a
positive feedback loop sometimes
called the 'utility death spiral.' The
terminology is dramatic but the

dynamic is real, and it has serious

equity implications.

Net Billing Reality

Jamaica operates under net billing
rather than retail-rate net metering.
This means excess solar
generation exported to the grid is
compensated at a rate lower than
retail electricity prices. While this
creates less favorable economics
for oversizing PV systems, it also
pushes optimal system design
toward self-consumption and
storage—which aligns well with the

resilience objective of this model.

Households cannot 'bank’ credits at
retail rates, which discourages
using the grid as free storage and
encourages battery pairing. This is
actually beneficial for grid stability
even though it extends payback

periods for solar investments.

Jamaica's legal framework recognizes self-generation for
exclusive use, providing a foundation for rooftop PV
adoption. However, legal permission and economic viability
are not the same thing. The current tariff design can make
high adoption socially unstable even when it is technically

legal and individually rational.

The critical constraint is not technology or solar resource—it
is the utility revenue model and how fixed grid costs are
recovered. Understanding this distinction is essential for

policymakers evaluating distributed generation proposals.

The 2027 Policy
Window

The non-renewal horizon for
Jamaica Public Service Company's
current license creates a structural
opportunity for regulatory
redesign. Rather than simply
renewing existing terms, Jamaica
can renegotiate toward a grid-as-
a-service model where utility
compensation is based on
reliability, capacity provision, and
integration services rather than

kilowatt-hour throughput.

This window enables aligning utility
incentives with distributed assets,
including virtual power plant
programs that aggregate
household batteries for system-
level services. The timing makes
2025-2026 the critical period for
stakeholder engagement and

regulatory framework design.




Implementation Roadmap: Evidence Before

Scale

Phase 1: Evidence-First Pilots

Duration: 12-18 months

Deploy three distinct pilot archetypes: (a)
suburban detached-home community, (b)
dense apartment cluster with building-level
storage, (c) inner-city community solar
installation. Measure outage performance,
payment behavior, grid technical impacts,

and household satisfaction.

Pilots must be designed for learning, not
just demonstration. This means rigorous
data collection, control groups where
feasible, and transparent reporting of both
successes and failures. The goal is to
generate credible evidence for scaling
decisions.

Phase 3: Grid Modernization
Duration: Parallel to Phase 2, ongoing

Deploy feeder automation, voltage
regulation equipment, protection system
upgrades, and substation buffer storage in
areas with highest rooftop penetration. This
modernization enables safe integration of
distributed generation and prevents
technical problems that could undermine
public confidence.

Target feeders should be selected based on
projected adoption rates, existing
infrastructure condition, and strategic
importance for resilience. Investment
should be coordinated with JPS capital
planning cycles to maximize efficiency.

Phase 2: Standardization and
Scale

Duration: 18-36 months (overlapping with
Phase 1 end)

Based on pilot results, develop bulk
procurement frameworks, installer
certification programs, streamlined
permitting processes, and financing
products including on-bill financing, lease
structures, and concessional loans.
Standardization reduces per-unit costs and
enables quality control at scale.

This phase requires coordination across
multiple ministries, the utility requlator,
financial institutions, and installer
associations. Success depends on clear
standards and enforcement mechanisms
to prevent market flooding with low-quality

installations.

Phase 4: Market Integration
Duration: Post-2027 license redesign

Launch virtual power plant programs that
aggregate household batteries for system
services, implement time-of-use tariffs that
reward demand flexibility, and create
compensation mechanismes for
dispatchable capacity rather than just
kilowatt-hour export. This phase requires
the regulatory framework redesign
anticipated in the 2027 license harizon.



Workforce Development as Core
Infrastructure

Phase

Pre-installation

During installation

Post-installation

Ongoing

This pathway should be formalized through partnership with the HEART Trust/NTA to ensure certification recognition
and portability. The goal is not just training for specific projects, but developing a national cadre of distributed energy

construction phase.

infrastructure.

Training Component

Electrical safety fundamentals; solar and battery
system basics; community engagement and

communication

Apprenticeship model alongside professional
installers; hands-on system assembly, wiring, inverter
configuration

Monitoring and diagnostics; routine maintenance
procedures; troubleshooting protocols and escalation
criteria

Advanced modules and certification pathways aligned
with HEART/NTA standards; business development

technicians who can support ongoing system operation and expansion.

Community solar installations and household retrofits should

be explicitly designed to produce trained technicians and local
maintenance capacity. This is both a resilience strategy—
faster local repair reduces outage duration—and an economic

development strategy that creates skilled jobs beyond the

Every deployment contract should include workforce training
requirements with clear targets for local employment and
skills transfer. This is not social policy separate from energy

policy; itis integral to building sustainable distributed

Outcome

Shared understanding,
trust-building, safety
baseline for all
participants

Direct skills transfer;
trainees become
competent installers

under supervision

Community capacity to
resolve most issues
locally; reduced
response time for

problems

Career pipeline

established; trained
technicians can replicate
model in new

communities




Comparative Lens: Pakistan's Solar

Surge

What Happened in Pakistan

Between 2023 and 2025, Pakistan experienced
what observers called a 'solar tsunami'—
explosive adoption of rooftop and small
commercial solar systems driven by the
convergence of three factors: collapsing panel
prices (largely from Chinese manufacturing
overcapacity), spiking grid electricity tariffs due
to currency devaluation and fuel costs, and
chronic grid unreliability making backup power

essential rather than optional.

The result was hundreds of megawatts of
distributed solar installed outside formal utility
planning processes, concentrated among
households and businesses that could afford
the upfront investment. This created genuine
household-level resilience and cost savings for
adopters, but it also accelerated a utility death
spiral as the grid's best-paying customers
reduced consumption.

() Transferable Lesson for Jamaica

The Unintended
Consequence

Pakistan's utilities operate under a complex
tariff structure with significant cross-subsidies.
As commercial and upper-income residential
customers installed solar and reduced grid
purchases, the fixed costs of generation
capacity and transmission infrastructure had to
be recovered from a shrinking and poorer
customer base. This drove tariff increases that
further incentivized solar adoption among
those who could afford it, creating a two-tier
energy system.

The poorest households—unable to afford solar
—faced the highest effective electricity costs
just as middle-class neighbors reduced their
bills. The social contract around electricity
service deteriorated rapidly, with political
consequences for multiple governments.

The lesson is not 'avoid distributed solar'—it is to pre-emptively design the regulatory and

cost-recovery mechanism so that resilience investments do not create a regressive two-

tier energy system. Jamaica has the advantage of being able to learn from Pakistan's

experience and avoid the same mistakes.




Uruguay's Institutional Lesson: Rules

Before Hardware

Uruguay is relevant to Jamaica not because of what it built, but because of what it fixed first.

Between 2008 and 2015, Uruguay transformed from 60% fossil fuel dependence to near-total

renewable electricity—not through technological breakthroughs, but through institutional redesign.

The bottleneck was never the hardware (panels, wind turbines, batteries); it was the rules that made

investment bankable and grid operation coherent.

What Uruguay Did Differently The Jamaica Parallel

e Policy stability across political cycles o
created long-horizon certainty for private
capital

e Competitive procurement mechanisms
that delivered better cost outcomes than o
negotiated contracts

e Diversified renewable mix (wind, hydro,
biomass, solar) rather than single- o
technology dependence

e Maintained small thermal capacity for
system flexibility—resilience through o

balance, not purity

e Regulatory framework that positioned the
state utility as system coordinator rather o
than monopoly generator

Jamaica's 2027 license resetis a
comparable inflection point—a rare
opportunity to redesign the rules of the
game

Distributed solar adoption will hit a ceiling
without regulatory reform that aligns utility
incentives with household resilience

Uruguay's lesson:; transformation requires
predictable regulation that survives political

transitions

The risk isn't technological failure; it's
institutional incoherence that destabhilizes
utility economics or worsens inequity

Uruguay doesn't tell Jamaica what to build—
it shows what to fix first so the build-out
doesn't collapse under its own success

Uruguay's thesis isn't that renewables are magical; it's that when governments change the rules, the

rest becomes straightforward. For Jamaica, this means the 2027 reset must prioritize institutional

architecture—tariff structures that reward distributed resilience, procurement mechanisms that

drive cost discovery, and regulatory durability that outlasts election cycles. Hardware is abundant

and cheap; coherent institutions are rare and valuable.




The Australia Comparison: Where
Jamaica Could Go

Australia's current home battery boom (100,000 systems in 17 weeks, averaging 25 kWh) shows

where a mature market can reach. But Australia arrived there through:

% Decades of solar market development % High household incomes enabling self-
financing
% Established installer industry % Government rebate (STC) reducing costs

Jamaica's path is different—structured financing programs first, market maturation later. The 6-10
kWh battery spec is right-sized for Jamaica's current economic reality. As costs fall and financing
matures, system sizes will naturally increase.

The goal isn't to replicate Australia. It's to build a Jamaica-appropriate model that achieves

resilience and equity outcomes while laying groundwork for eventual market maturation.




Key Risks and Mitigation Strategies
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Equity Backlash and Two-
Tier Energy System

Risk: If rooftop solar adoption concentrates
among affluent households while low-income
households face rising tariffs to cover fixed
grid costs, the program becomes politically

unsustainable and socially divisive.

Mitigation: Pair rooftop programs with robust
community solar offerings and targeted
financing for low-income households.
Explicitly design cost-recovery mechanisms
that socialize resilience investments rather
than shifting them onto non-adopters. Make
equity metrics part of program evaluation

from the beginning.

Utility Revenue Collapse

Risk: Rapid distributed generation adoption
under current revenue model creates financial
crisis for the utility, potentially leading to
deferred maintenance, service quality decline,
or political intervention that reverses policy

progress.

Mitigation: Use the 2027 license horizon to
transition toward grid-as-a-service revenue
model with performance-based regulation.
Compensate the utility for reliability, capacity
provision, and integration services rather than
kilowatt-hour sales. Make distributed
generation an opportunity for utility evolution

rather than existential threat.

Grid Stability Limits

Risk: High penetration of distributed
generation can create reverse power flow,
voltage fluctuations, and protection
coordination issues on feeders not designed
for bidirectional power flow. These technical
problems can damage equipment and reduce

reliability.

Mitigation: Prioritize feeder studies and
hosting capacity analysis in areas with
projected high PV adoption. Deploy targeted
grid modernization including voltage
regulation equipment, protection upgrades,
and strategically placed buffer storage. Phase
deployment to match infrastructure readiness.

Governance Capture in
Community Projects

Risk: Community solar and shared
infrastructure projects are vulnerable to local
elite capture, financial mismanagement, or
governance failures that undermine trust and
prevent replication.

Mitigation: Require transparent cooperative
governance structures, regular audited
financial reporting, and multi-stakeholder
oversight including community members,
local government, and civil society monitors.
Design projects with explicit mechanisms for
dispute resolution and member accountability.




Success Metrics: Measuring What
Matters

Effective monitoring requires metrics that capture both technical performance and equity outcomes.
Traditional utility metrics focus on system-level reliability and cost, but distributed resilience requires
household-level and community-level indicators. The following framework organizes metrics across four
domains that correspond to the model's core objectives.

@ 000
000
000
Residential Resilience Grid Performance
¢ Percentage of detached homes with PV plus o Feeder-level peak demand reduction in PV-
storage by parish equipped areas
e Average outage-hours avoided per equipped ¢ Reduction in load-shedding events and
household compared to grid-only baseline customer-minutes interrupted
e Reduction in electricity bill volatility month-to- e Improvementin SAIDI and SAIFI reliability
month indices in pilot areas
¢ Household satisfaction scores and willingness ¢ \/oltage stability metrics and protection
to recommend to neighbors system operation frequency
-}e
Equity and Access Workforce Development
e Number of low-income households served via e Number of technicians trained and certified
community solar with disaggregation by through HEART/NTA pathway
parish and income guintile e Local maintenance response time compared
¢ Reduction in non-technical losses in to utility baseline

communities with community solar « Employment outcomes including job

¢ Change in electricity cost burden as placement and wage levels

percentage of household income across e Technician retention in sector and career
income segments progression over 24 months
e Geographic distribution of adoption across

parishes and urban-rural divide

These metrics should be reported publicly on a quarterly basis during pilot and annual basis at scale, with
disaggregation by parish, income level, and dwelling type. Transparent reporting builds credibility and enables

adaptive management as the program scales.
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Financial Architecture: Making
Adoption Accessible

Technology cost reduction has made rooftop solar economically viable in many contexts, but upfront

capital requirements remain a barrier for most Jamaican households. A 5 kW system with 8 kWh battery

storage represents several months or more of median household income even at current prices.

Financing mechanisms are therefore not secondary to deployment—they are foundational.

O\
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On-Bill Financing

Utility-administered loan
where system cost is
recovered through monthly
electricity bill as a line item.
Loan stays with the property
rather than the person,
addressing concerns about
ownership transfer. Requires
regulatory approval and
careful underwriting to avoid

increasing non-payment risk.

&

Third-Party Lease

Private company installs and
maintains system; household
pays fixed monthly lease
payment lower than typical
grid bill. Company owns asset
and captures depreciation and
incentives. Works best for
creditworthy households in
stable housing but creates
long-term contractual

obligations.

Community Solar Subscription Model

oo
oo

Concessional Loans

Government-backed or
development-bank-funded
loans at below-market interest
rates, potentially with grant
component for low-income
households. Can be targeted
by income level, parish, or
other equity criteria. Requires
fiscal space and institutional
capacity for administration.

(J Critical Design Principle

For households unable to access financing or

without suitable roofs, community solar offers
subscription-based access to shared generation.
Monthly subscription fee is set below typical
electricity cost, providing immediate savings
without upfront investment or long-term debt.

This model requires different governance and

Financing should not recreate existing
inequality. Programs must be evaluated
not just on deployment numbers but on
who benefits—with explicit targets for
low-income household participation

and consequences for failing to meet

revenue structures but can serve the equity gap

that owner-occupied residential programs miss.

equity benchmarks.




Grid Modernization Priorities

Distributed generation does not eliminate the need for the grid—it transforms what the grid does. The
transmission and distribution system must evolve from a one-way delivery mechanism to a bidirectional
platform that integrates variable generation, manages voltage and frequency in real-time, and provides backup
capacity when local generation is insufficient. This requires targeted infrastructure investment that goes
beyond traditional maintenance and capacity expansion.

Q Feeder Identification and Hosting Capacity Analysis

Map existing distribution feeders and conduct engineering analysis to determine how much
distributed generation each can safely accommodate before voltage, protection, or thermal limits are

exceeded. This analysis guides both deployment targeting and infrastructure investment priorities.

T Voltage Regulation Equipment
in

Install line voltage regulators, switched capacitor banks, and smart inverter grid support functions
to maintain voltage within acceptable ranges as solar generation varies throughout the day. Without
this, high PV penetration causes voltage fluctuations that damage equipment and reduce power

quality.

@ Protection System Upgrades

Reconfigure or replace protective relays to handle bidirectional fault currents and prevent false
trips from reverse power flow. Traditional protection assumes power flows one direction from
substation to customer; distributed generation requires protection that works in both directions.

D Substation and Feeder Buffer Storage

Deploy utility-scale or feeder-scale battery storage at strategic points to absorb excess
midday solar generation, provide evening peak capacity, and improve local resilience during
transmission outages. This storage acts as a buffer that smooths the integration of variable
household generation.

¢ Communication and Control Infrastructure

Install advanced metering infrastructure, distribution automation, and communication networks
that enable real-time visibility into distributed generation performance and remote control

capability for grid management. This is the digital layer that makes the physical infrastructure

intelligent and responsive.




Community Solar: Design for Equity and
Legitimacy

Community solar addresses twao critical gaps: it provides access to solar benefits for households without suitable
roofs or financing, and it can offer a legitimate alternative to electricity theft in communities where formal service is
unaffordable. However, success depends on governance design, not just technology deployment. Poorly designed
community solar replicates existing power dynamics; well-designed programs can build trust and community

capacity.
Democratic Governance Transparent Finances
Member cooperative structure with elected board, Regular audited financial statements accessible to
transparent decision-making, and regular all members, clear fee structures, and participatory
community meetings. One-member-one-vote budgeting for capital improvements. Financial
regardless of subscription size prevents elite transparency prevents accusations of
capture and ensures accountability to the full mismanagement and builds trust in community
community. institutions.
Dispute Resolution Local Technical Capacity
Formal mechanisms for resolving conflicts over Train community members as technicians and
billing, service quality, or governance without system operators, with preference for hiring from

requiring expensive legal action. Include mediation within the community. This creates employment,
process and escalation pathway that preserves reduces maintenance costs, and ensures technical
— member rights while maintaining project viability. knowledge resides locally rather than depending

on external contractors.

Community solar should be sized to serve 30-100 households (roughly 50-200 kW depending on load profiles) to
maintain human-scale governance while achieving reasonable economies of scale. Smaller projects strengthen local
accountability; larger projects risk becoming impersonal and disconnected from community needs.

Addressing the Theft-and-Access Nexus

In communities with high non-technical losses, community solar
can provide a pathway to legitimate service at affordable rates.
When subscription cost is set below typical electricity expenditure
(including informal access), households have a financial incentive to
participate legitimately rather than risk enforcement action.

This approach treats electricity theft as an access problem requiring
structural solutions rather than purely an enforcement problem
requiring punitive responses. It will not eliminate all non-technical
losses, but it can significantly reduce them in communities where

cost rather than culture is the primary driver.




Technology Specifications and Standards

Standardization reduces costs, improves quality control, and enables workforce training at scale. However, standards
must balance interoperability with technological evolution—overly rigid specifications can lock in inferior technology

while overly loose standards create quality and safety problems. The following recommendations represent current

best practice but should be reviewed periodically as technology and costs evolve.

Component Specification Rationale
PV Modules Monocrystalline silicon, minimum 21% Balance cost, efficiency, and proven
efficiency, 25-year performance warranty, durability; certification ensures
IEC 61215 and IEC 61730 certified minimum safety and performance
standards
Battery Storage Lithium iron phosphate (LFP) chemistry LFP offers better cycle life and safety
preferred for residential; minimum 6 kWh than other lithium chemistries at
usable capacity; 80% depth of discharge; reasonable cost; 6 kWh supports
10-year warranty essential loads through overnight
period
Inverters Hybrid solar-battery inverter with grid- Single integrated unit reduces cost
forming capability; IEEE 1547-2018 and complexity; grid-forming
compliant; integrated rapid shutdown; enables islanding during outages;
minimum 10-year warranty IEEE 1547 ensures grid safety and
power guality
Mounting Aluminum or stainless steel racking rated Hurricane resistance is non-
for 150+ mph wind loads; engineered to negotiable in Jamaica; coastal
local building codes; minimum 20-year installations require corrosion-
corrosion warranty resistant materials
Monitoring Cloud-connected monitoring with mobile Remote monitoring enables

app access; real-time generation and
consumption data; automatic alerts for

performance issues

[J Installer Certification Requirements

proactive maintenance and faster
problem resolution; essential for

aggregation in VPP programs

All installations must be completed by certified installers meeting HEART/NTA standards for solar PV

systems. Certification should include electrical safety, system sizing, structural assessment, battery safety,

and grid interconnection procedures. Continuing education requirements ensure installers stay current with

evolving technology and codes.




Virtual Power Plants: Aggregating

Distributed Assets

Individual household batteries provide resilience during outages, but when aggregated through software they

become a grid-scale resource that can provide system services, defer generation capacity investment, and

create new revenue streams for participating households. Virtual power plants (VPPs) represent the next

evolution of distributed energy—transforming thousands of small assets into a coordinated resource.

Household Assets

Each participating home
contributes a portion of battery
capacity for grid services while
maintaining backup power
capability. Software optimizes
charging and discharging @
schedules based on grid needs,
electricity prices, and household

preferences.

Compensation

Households receive payments for
battery availability and
performance based on grid
service value. Compensation can
be bill credits, direct payments, or
enhanced rates for exported solar

generation.

Regulatory Requirements

VPP programs require regulatory frameworks that
recognize aggregated distributed resources as grid
assets and establish compensation mechanismes.
This includes market access rules, interconnection
standards for aggregations, and performance

measurement protocaols.

The 2027 license harizon provides an opportunity to
establish these frameworks as part of the utility
business model evolution. VPPs transform the
utility's relationship with distributed generation from

threat to opportunity.

Aggregation Platform

Cloud-based software coordinates
thousands of distributed batteries,
presenting them to the grid
operator as a single dispatchable
resource. Platform handles

— technical coordination, settlement,
and customer communication.

Grid Services

Aggregated capacity provides

@o

peak shaving, frequency
regulation, voltage support, and
backup reserves. These services
defer traditional infrastructure
investment and improve reliability
while creating revenue for
participants.

Pilot Program Design

Begin with voluntary pilot involving 100-500
households to demonstrate technical feasibility and
economic value. Measure customer satisfaction, grid
impact, and operational reliability. Use pilot results to
refine compensation mechanisms and scale

program.

Select pilot participants across income levels and
dwelling types to ensure VPP benefits are accessible
to diverse households, not just early adopters.




Long-Horizon Baseload Question: The
Role of Nuclear

A solar-heavy grid with battery storage can provide very high reliability during normal weather conditions, but it

faces limitations during extended cloudy periods or when hurricane damage reduces distributed generation

capacity. This creates a need for firm, dispatchable, low-carbon baseload capacity as an insurance layer for the

system. Small modular reactors (SMRs) represent one option in this category, though the technology is still

maturing and the economic case depends on future cost trajectories.

SMR Technology Context

Small modular reactors are
factory-built nuclear units typically
in the 50-300 MW range, designed
to be safer, faster to deploy, and
more economical than traditional
large reactors. They provide firm
capacity independent of weather,
with very low lifecycle carbon
emissions and fuel security
benefits for island nations.

However, the technology is not yet
proven at commercial scale. The
first SMRs are just now beginning
operation, and actual capital costs,
construction timelines, and
operational performance remain
uncertain. Jamaica should monitor
technology development without

committing prematurely.

appears today."

Alternative Firm Capacity
Options

Other firm capacity options include
natural gas with carbon capture (if
economically viable), enhanced
geothermal systems (depending
on Jamaica's geothermal resource
potential), and interconnection
with neighboring islands for
mutual backup capacity. Each
option has different cost profiles,

lead times, and risk characteristics.

The appropriate choice depends
on how costs evolve over the next
decade and Jamaica's risk
tolerance for different technology
and fuel-supply scenarios.

Near-Term Strategy:
Maximize Storage

In the near term (2025-2030), the
priority should be maximizing
battery storage deployment at
household, community, and utility
scales. This provides the most
immediate resilience benefits and
buys time to evaluate longer-term
firm capacity options as
technologies mature and costs
become clearer.

Storage alone cannot replace firm
generation for multi-day backup,
but it substantially reduces the
amount of firm capacity needed
and improves economics for any
baseload option eventually chosen.

"The baseload question should be framed as insurance, not primary generation. How much firm capacity
does Jamaica need to ensure reliability during the worst-case scenarios, and what is the most cost-
effective, lowest-carbon way to provide that insurance layer? The answer may not be the same in 2035 as it




Financing and Program Design:
Making Distributed Solar Accessible
The Affordability Challenge

Jamaica's distributed solar initiative cannot rely on market forces alone. The economics are

compelling—but the upfront capital barrier is prohibitive for most households.

The Math (2024-2025 Hardware Pricing):

Hardware costs have dropped significantly. Two realistic scenarios:

Option A: Commodity/Cost-Floor Option B: Mid-Range Package (10
Package (6 kW system) kW system, 10 kWh storage)

e Total Installed: $4,400-8,000 e Total Installed: $7,200-12,100

Key Insight: Bulk procurement for a national program could achieve Option A pricing at scale—
meaning a complete solar+storage system for US$5,000-6,000 per household, not $12,000-
15,000.

Household Income Context:

e Jamaica median household income: ~J$1.5-2.0 million/year (~US$10,000-13,000)

e At bulk pricing, US$5,500 system = 40-55% of annual income (still significant, but more
manageable)

e Monthly payment on 10-year financing: ~U5$50-60/month
e Average monthly electricity bill: ~US$80-120/month

e Potential for cash-flow positive from day one with proper program design

Without structured financing programs, even at lower costs, upfront capital remains a barrier for

most households.




Program Design Principles

Any financing mechanism must satisfy multiple constraints:

Affordability

Monthly payment < current electricity bill (cash-flow positive from day one)

Accessibility

Available to households without traditional banking relationships

Scalability

Can deploy tens of thousands of systems, not just hundreds

Sustainability

Program economics work without permanent subsidy

Equity

Prioritizes energy-burdened households, not just those who can pay

Resilience Alignment

Supports national grid resilience goals, not just individual savings




Tier 1 Financing: Single-Family
Residential

Five complementary mechanisms to make solar accessible for single-family homes:

NHT Solar Integration Program
Integrate solar+storage into National Housing Trust mortgage products for
new housing schemes.
e NHT adds solar+storage as standard feature in new developments
1 e Costamortized over 25-30 year mortgage term
e Monthly mortgage increase: ~J$3,000-5,000 (~US$20-33)
e Monthly electricity savings: ~J$8,000-15,000 (~US$53-100)
e Net benefit to homeowner from day one

e Scale Potential: 3,000-5,000 new solar homes/year

On-Bill Financing via JPS

JPS finances residential solar systems, recovers investment through
electricity bills.

e JPS (or third-party partner) installs solar+storage at no upfront cost
e Customer pays fixed monthly fee via electricity bill

e Fee set below average pre-solar bill (guaranteed savings)

e System ownership transfers to customer after 10-15 years

e Scale Potential: 60,000 systems over 5 years

Green Climate Fund Household Program

GCF grant subsidizes 30-50% of system cost for qualifying households.

e Grant covers portion of system cost for income-qualified households
3 e Remaining cost financed via on-bill or NHT mechanisms

e Targeting: households below median income, hurricane-vulnerable
areas

e Scale Potential: 8,000-16,000 systems with US$50-100 million GCF
funding

Diaspora Solar Investment Program
Enable Jamaicans abroad to finance solar systems for family members.

e Diaspora investor pays U5$8,000-12,000 for family member's system
4 e One-time investment replaces ongoing bill payments

e Program provides quality assurance, installation coordination,

warranty management

e Scale Potential: 2,500-3,000 systems annually (1% of US$3 billion
annual remittances)

Lease/PPA Model (Third-Party Ownership)

Private company owns and maintains solar system; customer pays for
power generated.
5 e Solar company installs system at no upfront cost
e Customer signs 15-20 year PPA at fixed rate below JPS tariff
¢ Company owns system, handles maintenance, insurance

e Scale Potential: 20,000-30,000 households over 5 years




Tier 2 & 3 Financing: Buildings and
Community Solar
Tier 2: Apartments and High-Rise Buildings

Strata Corporation Financing New Construction Mandates

Body corporate takes loan for building-level storage; Building code requires flow battery storage in new

repaid through reduced common area charges. multi-family construction.

e Strata corporation votes to approve storage e Updated building code mandates storage for
installation buildings >10 units

e Loan secured against strata assets or future e Developerincludes cost in construction budget
savings e Adds ~2-3% to construction cost

* Monthly loan payment < monthly electricity e Buyers benefit from lower operating costs and
savings resilience

¢ All unit owners benefit through reduced strata
fees

Tier 3: Community Solar (Inner-City)

Blended Capital Stack
e GCF/Adaptation Fund Grant:

Social Enterprise
Structure

JPS Partnership Model

JPS co-invests in community
solar to reduce theft losses.

40-50% (non-repayable
capital cost reduction)

CDB/IDB Concessional Loan:

30-40% (2% interest, 15 yr)
Government Land (In-Kind):
10-20% (free lease, site cost
elimination)

Community Equity: 5-10%
(sweat equity or small cash,

ownership stake)

Community solar operates as

social enterprise, not charity.

e Registered as cooperative or
social enterprise

e Community members are
member-owners

e Below-market pricing, but
covering operating costs

e Surplus reinvested in
expansion, maintenance, job
training

e (Governance by elected

community board

JPS contributes capital (offset
against theft loss reduction)

Community solar provides
legitimate access, reducing

illegal connections

JPS handles billing, metering
(existing infrastructure)

Revenue sharing between
JPS and community

cooperative

Current non-technical losses:
17-26% of generation—even
5% reduction yields
significant ROI

Result: Community solar can offer power at J$30-35/kWh vs. JPS J$55/kWh—affordable even for lowest-income

households.




Grid Infrastructure Financing

Utility Rate Base Investment

Flow battery storage at grid sections can be
financed through traditional utility
investment:

e JPSinvests in storage infrastructure

e (OUR approves addition to rate base

e (Costrecovered through tariffs over asset
life (20-30 years)
e All customers benefit from improved

reliability

Challenge: Under Revenue Cap, this
increases tariffs. Must be paired with
residential load reduction to avoid net

customer cost increase.

Climate Bonds

Jamaica issues green/climate bonds to
fund grid storage infrastructure.

e (Government or JPS issues bonds
designated for grid storage

e Attractive to ESG investors seeking
climate-aligned assets

e |ower interest rates than conventional

bonds

e Repayment from grid services revenue
or rate base

Scale: US$100-200 million bond issuance
could fund grid-section storage nationwide.




Program Coordination: National Solar
Authority

Challenge: Multiple financing mechanisms require coordination to avoid gaps, overlaps, and

market confusion.

Recommendation: Establish National Distributed Energy Program Office (or similar) to:

%

%

%

Standardize Packages

Define standard system configurations (6 kW + 8 kWh, etc.) for bulk procurement

Certify Installers

Maintain approved installer list, quality standards, warranty requirements

Coordinate Financing

Single application portal directing households to appropriate mechanism

Track Progress

National dashboard showing deployment by parish, housing type, income level

Manage Procurement

Aggregate demand for bulk purchasing power

Interface with JPS

Coordinate interconnection, net billing, grid integration

Staffing: Could be housed within Ministry of Science, Energy and Technology or as independent

authority.




Financing Summary by Tier

10-Year Program Scale and Capital Requirements

Tier 1 (Residential)

Tier 2 (Buildings)

Tier 3 (Community)

Tier 4 (Grid Storage)

Total

NHT integration, on-
bill financing, GCF
subsidy, diaspora
program

Strata financing,
new construction
mandates

Blended grant/loan,
social enterprise,
JPS partnership

Rate base
investment, climate
bonds

All mechanisms

combined

100,000-150,000
homes

500-1,000 buildings

50-100
communities

Island-wide

coverage

Comprehensive
coverage

550000000

150000000

50000000

100000000

850000000

Note: Tier 1 calculation based on 100,000-150,000 homes x $5,500-6,000/system (bulk

procurement pricing)

Context: Jamaica's annual GDP is ~US%$17 billion. This represents 5-9% of one year's GDP deployed

over 10 years—achievable with international climate finance support and significantly more

attractive than previous estimates based on retail pricing.



Implementation Sequencing

01 02 03

Year 1-2: Foundation Year 3-5: Scale Year 6-10: Maturation

Establish program office

Negotiate GCF/CDB/IDB
funding commitments

Launch NHT solar
integration pilot (1,000
homes)

Pilot on-bill financing (2,000

homes)
Launch diaspora program

Begin community solar
pilots (3-5 communities)

NHT solar as standard for all
new schemes

On-bill financing at scale
(10,000+ homes/year)

Community solar expansion
to 20-30 communities

Building storage mandates

for new construction

Grid-section storage
deployment begins

Market mechanisms
increasingly self-sustaining

Subsidy levels decrease as
costs fall

Focus shifts to harder-to-
reach households

Export of model to other

Caribbean states




u u u u
Risk Mitigation
Key risks and mitigation strategies for financing program implementation:

Risk Mitigation

JPS resistance Align incentives through 2027 license reform; on-bill
financing makes JPS a partner

Installer capacity Workforce development program; HEART/NTA

certification pipeline

Equipment supply Bulk procurement contracts; regional Caribbean
purchasing cooperative

Customer default On-bill collection (JPS disconnection leverage); credit
screening
Technology failures Warranty requirements; installer liability; equipment
standards
= Political discontinuity Multi-party support; lock in through international

funding commitments

Hurricane damage Insurance requirements; equipment hurricane ratings;

dispersed deployment




Conclusion: From Concept to Implementation

This concept document has outlined a dwelling-segmented approach to
distributed energy resilience for Jamaica, grounded in housing stock
realities, regulatory economics, and the specific constraints of an island
grid. The model is physically plausible because Jamaica's housing is
predominantly detached single-family homes suitable for rooftop solar.
It is economically viable if paired with appropriate financing
mechanisms. And it becomes politically feasible if the 2027 license
horizon is used to redesign utility business models and cost-recovery
mechanisms.

The path forward is not simply technology deployment—itis a

coordinated redesign of regulatory framework, utility incentives,
financing architecture, workforce development, and community
engagement. Each element reinforces the others; none succeeds in

isolation.
Physical Layer Regulatory Layer
Standardized PV plus storage for single-family homes, Grid-as-a-service business model, performance-based
building-level systems for apartments, community solar utility regulation, interconnection standards, and VPP
for dense areas, and strategic utility-scale storage frameworks established by 2027
Economic Layer Social Layer
On-bill financing, third-party leases, concessional loans Workforce development creating local technical capacity,
for low-income households, and community solar community governance structures ensuring equity, and
subscriptions that make adoption accessible across transparent metrics measuring outcomes

income levels

The next steps are structured pilots designed for learning, stakeholder engagement around regulatory redesign, and
development of financing mechanisms—not premature commitment to large-scale deployment before evidence is
generated. This is a multi-year transformation that requires sustained political commitment, institutional coordination, and
willingness to adapt based on implementation experience.

The fundamental question is not whether distributed resilience is technically possible—it clearly is. The question
is whether Jamaica's institutions, regulations, and political economy can evolve quickly enough to capture the
opportunity before technology deployment outpaces governance capacity. This concept provides a roadmap;
implementation success depends on execution discipline and stakeholder alignment over the coming 24-36 months.

This working draft is intended to catalyze stakeholder discussion and inform policy development ahead of the 2027 license

horizon. Comments and technical feedback are welcome and should be directed to the author for incorporation in

subsequent revisions.




