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1. Introduction and Problem Statement

Ghana’s energy sector stands at a critical juncture, grappling with a 10% annual growth in electricity
demand against its commitment to 10% renewable energy (RE) integration by 2030 (Renewable Energy
Act, 2011). The decline of hydropower (once 60% of generation) due to climate variability has triggered a
shift to costly thermal plants ($0.12/kWh vs. hydro’s $0.08/kWh), exacerbating energy insecurity. Frequent
outages (“dumsor”) cost 1-2% of GDP annually (World Bank, 2022), while systemic barriers, grid
instability, a 6-hour solar-to-peak demand mismatch, and underutilized demand-side management hinder
cost-effective RE adoption.

This study evaluates the economic potential of demand response (DR) programs and battery storage to
optimize Ghana’s energy transition, aligning with the Ghana National Research Fund Act (Act 1056) on
technology-driven innovation.

2. Methodology

This study adopted a mixed-methods approach to investigate demand-side management potential in Ghana's
energy transition. The quantitative analysis examined 8,760 hourly electricity consumption observations
from 500 urban households across Accra and Kumasi, capturing complete annual load profiles. These
datasets were analyzed through an Ordinary Least Squares (OLS) regression model to isolate three critical
relationships: baseline demand patterns, the behavioral-economic dichotomy between registered
participation in demand response (DR) programs versus actual verified load reductions, and the technical
performance of solar photovoltaic (PV) systems when integrated with battery storage solutions.

The research design incorporated both technical and socioeconomic dimensions to address Ghana's unique
energy challenges. The OLS framework specifically evaluated how baseline consumption variability
influences grid stability, while distinguishing between nominal DR enrollment and measurable load
reduction impacts. Concurrently, the model assessed the efficiency gap between solar generation potential
and realized output, along with storage systems' capacity to time-shift excess production. This dual
approach enabled a comprehensive assessment of both hardware limitations and human factors affecting
Ghana's renewable energy integration.

3. Key Findings

A. Demand-Side Challenges


https://mailto:timothy.avordeh@upsamail.edu.gh/

The analysis revealed that baseline electricity demand patterns overwhelmingly dominated net demand
variability (R = 0.993, f = 2.141 kWh, *p* < 0.001), accounting for nearly all observed fluctuations in
consumption. This finding strongly reinforces the critical need for targeted demand-side management
interventions in Ghana's energy system. A particularly noteworthy discovery was the demand response
(DR) paradox: while verified load reductions successfully decreased peak demand by 0.406 kWh (*p* <
0.001), generating potential savings of $0.05-0.07 per kWh during critical peak periods, simple program
participation without verified action correlated with a counterproductive increase in consumption (+0.501
kWh, *p* = 0.002). This adverse selection phenomenon suggests that, without proper monitoring and
incentive structures, DR programs may inadvertently encourage higher energy use among some
participants.

B. Supply-Side Limitations

On the generation front, the study identified significant constraints in renewable energy integration. Solar
photovoltaic systems currently meet only 30% of potential daytime demand (r = 0.07), creating a substantial
2,000-kWh evening shortfall when solar generation declines but demand remains high. This mismatch
forces greater reliance on expensive peaking plants, which operate at a marginal cost of $0.15 per kWh.
Furthermore, battery storage systems demonstrated limited effectiveness in the current market (r = 0.05),
primarily due to prohibitively high capital costs of $350 per kWh installed capacity. These supply-side
challenges highlight the need for both technological improvements and financial mechanisms to enhance
the viability of storage solutions in Ghana's energy mix.

4. Economic Opportunities

The study identifies three key interventions with significant potential to transform Ghana's energy economy
through demand-side management and renewable energy optimization. First, thoughtful meter-based
demand response (DR) programs could achieve a 12—18% reduction in peak demand by enabling real-time
pricing signals and automated load shifting. For utilities, this would translate to annual savings of $10—15
million through deferred capacity investments and reduced reliance on expensive peaking plants. The
infrastructure costs ($100—150 per smart meter) could be offset within 2—3 years through these savings,
while mobile money integration could ensure 70%+ participation in incentive-based DR schemes.

Second, large-scale deployment of LED lighting and high-efficiency air conditioner retrofits could reduce
baseline residential demand by 10-15%. Households would benefit from direct electricity bill savings of
$50-100 annually, while the national grid would see reduced strain during critical periods. Third, battery
storage systems, despite their current high capital costs ($350/kWh), could effectively shift 50-60% of
midday solar generation to evening peak periods. This would yield system-wide savings of $0.03—0.05 per
kWh through avoided thermal generation costs and improved utilization of renewable assets. When
combined, these interventions present a compelling economic case for integrated demand-side resource
planning in Ghana's energy transition roadmap.

Table 1: Economic Potential of Key Energy Interventions: Impact and Savings Comparison

Intervention Potential Impact Annual Savings

Smart meter-based DR 12—18% peak reduction $10-15M (utilities)



Intervention Potential Impact Annual Savings

LED/AC retrofits 10-15% baseline demand cut $50-100/household

Battery storage 50-60% midday solar shifted to evening peaks  $0.03-0.05/kWh

5. Policy Recommendations
1. Time-Shifted Feed-in Tariffs

Implement differentiated feed-in tariff structures that incentivize solar producers to store and discharge
energy during evening peak periods. This could increase solar project revenues by 20-30% while
addressing the critical 6-hour solar-to-peak demand mismatch identified in the study. The tariff premium
should reflect the marginal cost savings from avoided peaking plant operation ($0.15/kWh), creating a
sustainable business case for storage investments.

2. Hybrid Solar-Diesel Microgrids for Industries

Develop targeted deployment programs for industrial and commercial users, combining solar PV with
existing diesel generators through smart controllers. Pilot data suggests this could reduce fuel consumption
by 15-20% while maintaining reliability. The Energy Commission should establish technical standards and
provide low-interest financing through partnerships with development banks.

3. Smart Appliance Subsidy Program

Introduce a tiered subsidy program covering 50% of efficient appliance costs for low-income households
(e.g., ENERGY STAR ACs, LED lighting), with verification through utility bill savings. This addresses
both the adverse selection problem in DR programs and the 10-15% baseline demand reduction potential.
Funding could come from redirected fossil fuel subsidies or carbon credit mechanisms.

4. Commercial Dynamic Pricing Expansion

Scale ECG's successful Time-of-Use pilot to all medium/large commercial customers, with a mandatory
15% peak reduction target. The program should incorporate automated demand response capabilities
through smart meters and include financial penalties for non-compliance, paired with rebates for over-
performance. This builds on the finding that verified load reductions (not just participation) drive actual
savings.

Implementation Roadmap:
e Year 1: Establish tariff structures and launch industrial microgrid pilots
e Year 2: Roll out appliance subsidies in high-impact urban areas
¢ Year 3: Mandate commercial dynamic pricing nationwide
e Year 5: Achieve 30% storage penetration in solar projects
Key Success Factors

1. Align interventions with Ghana's Renewable Energy Master Plan



2. Leverage mobile money platforms for incentive distribution

3. Implement robust monitoring through PURC's regulatory framework

6. Contribution to MWEET’s Themes

This study makes three significant contributions to the Manchester Workshop on Economics of Energy
Transition (MWEET) discourse through its Ghana-focused analysis of demand response (DR) and storage
synergies. First, it provides rigorous, empirically grounded quantification of the cost-benefit trade-offs in
emerging economy contexts, demonstrating how smart DR implementation could mitigate $200-300
million annually in thermal fuel costs while maintaining grid reliability. These findings challenge prevailing
assumptions about the scalability of demand-side solutions in developing electricity markets.

Second, the research advances the equity dimension of energy transitions through its proposal of
decentralized, technology-enabled solutions that align with Ghana’s National Research Fund Act (Act
1056) innovation objectives. By explicitly addressing the adverse selection paradox in DR programs and
proposing targeted low-income household interventions, the study offers a framework for just transitions
in resource-constrained settings. The urban focus, while currently a limitation, establishes a replicable
methodology that forthcoming research will extend through Bayesian network modeling, incorporating
rural demand patterns, climate variables, and dynamic pricing scenarios, representing an essential next step
for comprehensive energy transition planning in West Africa.

Key Theoretical Advancements:

1. Behavioral-Economic Synthesis: Bridges DR technical potential with participant incentive
structures

2. Temporal Optimization: Quantifies the value of time-shifting in tropical solar regimes

3. Policy-Implementation Gap: Identifies specific barriers between legislation and field outcomes
Pathways for Future Research:

¢ Integration with Ghana’s Energy Transition Framework

o Comparative analysis with South Africa and Kenya’s DR experiences

e Machine learning applications for demand pattern forecasting
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