The Role of Behavior Change in Household Demand Response:
A Case Study in Nicaragua.
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Survey Design and Methodology:
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Behavior and Prices: There were three main tiered rates
in our sample: < 750 kWh/month, between 750-1250
kWh/month, and >1250 kWh/month. The mean
electricity consumption rate ($0.25/kWh) is lower than the
average total rate ($0.33/kWh) after taxes. Discussions
revealed micro-level customers keep a close tally of their
consumption, striving to consume < 750 kWh/month.

Behavior and Climate: Our survey data revealed both a
perceived and an actual increase in electricity consumption
between summer (December – April) and winter (May –
November), and the month of December. Project
participants suggested this increase in consumption was
due to increased sales, cooling loads doing more work, and
decorations during the holiday season (December).

In January 2015 we used the Open Data Kit platform to survey 230 microenterprises with large cooling loads in Managua. A pilot survey was tested with a small group of 20 micro-enterprises, adjustments were
made, and a full implementation was performed immediately afterwards. Our surveys and conversations with micro-enterprises with
large-cooling loads (for example: butcheries, chicken shops, mom & shops, milk and cheese hops) attempted to assess whether a microlevel demand response implementation could be feasible in the country and touched upon different aspects of a micro-enterprise’s
business model: income and cost structures, energy related expenditures, daily, monthly and seasonal variations in consumption,
perceptions on electric service reliability, perceptions on the quality of service provided by the utility, relationship with loads and
appliances, and perceptions on income and micro-enterprise expenditures.
The survey results elucidated many themes including behavioral patterns related to the use thermostatically controlled loads, which is
essential for demand response, insights on micro-enterprise’s perceptions on the use of technology, prices, and service quality and
reliability, seasonal variations in consumption, and insights into the accuracy of self reported cost and energy expenditure estimates.
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In 2013 Nicaragua
produced 40% of its electricity from nonhydro renewable energy and in 2014 and 2015,
on an hourly basis, it produced up to 50% of
its generation from wind power alone. Recent
research has suggested that the country could
cost-effectively achieve a low-carbon grid
(80%, based on non-large hydro renewable
energy generation) by 2030, with large
penetrations of wind and solar (18% and 3%
by 2030, respectively) (Ponce de Leon Barido
et al, 2015, ERL). As the supply of variable and
uncertain renewable energy grows, however,
the intermittent power supply and demand
matching problem grows in parallel. Demand
response (DR) is a cost-effective strategy to
complement renewable energy by introducing
demand flexibility. This project is the first to
explore the potential for micro-level demand
response in Nicaragua, and the region.

(1) Voluntary Load Disruption: 161 respondents
(71% of sample), were already implementing a
refrigerator ‘energy savings strategy’ by turning
their refrigerator on or off at different times of
the day.
(2) Perception on Electricity Service Reliability:
Despite 70% of the MEs experiencing frequent
power outages, most were ‘satisfied’ (72%) with
service reliability, suggesting a high level of
acceptance towards loads (and service) being
turned off at random.
(3) High Energy Costs and Perception of
Electricity Related Expenditures: The MEs’
main cost concerns related to high energy prices
(US$ 0.33/kWh), with 60% finding their bills
‘difficult to pay’ (on a scale from 1-4: ‘easy’ to
‘very difficulty to pay’). Suggesting that financial
incentives could be designed for participation in
a micro-evel DR program.
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Introduction:

Behavioral Components of
Demand Response
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How will low, lower-middle
income economies transition towards lowcarbon energy systems? Are there different
development pathways that can be followed
towards more equitable low-carbon energy
systems? How will users engage and be part of
our current and future low-carbon power grid?
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Self Reported Accuracy: On average, customers overestimated their consumption
by $US40, and under-estimated their consumption by $US15. Micro-enterprises
with relatively smaller expenditures ($US 25/month) perceived their expenditures to
be double than the actual amounts, middle consumers ($US25-100/month)
overestimated their consumption by two thirds and the highest consumers (>$US
100/month) by less than a third. This could suggest than customers with the
greatest expenditure are the most concerned about their energy bill, and that self
reported energy assessments are useful for understanding perception but inadequate
for detailed energy related assessments.

Future Work:

Using ‘flexible energy tool kits’ to
develop a thermal battery energy model to asses and model
the resource and revenue potential for demand response in
Nicaragua. Design of an optimal control formulation for
implementation as a pilot in the city of Managua.
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