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The city of South Haven has faced widespread blackouts on peak heat summer days, cutting
power for air conditioning and basic needs and forcing hospitals onto generators for long
periods. South Haven Middle School (SHMS) students have been studying how small habit
changes can boost their community’s resilience to extreme heat.

“The power grid is a giant network that moves electricity from power plants to homes and businesses,” Dr. Aileem Carvajal
explained at an SHMS assembly. “During extreme heat, electricity demand spikes as many air conditioners run at once.
Power plants and lines can only carry so much safely, and heat makes equipment and wires less efficient. If too many
people use power at the same time, the grid can overload and cause blackouts or brownouts.”

Dr. Carvajal challenged SHMS students to find sustainable ways to ease strain on the city's power grid year-round so it's
more prepared for extreme heat. "If lots of people shift their power use just a little, the peak shrinks."

Solve the Problem

. .. - Time-of-Use Electricity Pricing Pl
The South Haven power company uses time-of-use pricing: electricity costs

more during peak hours, when demand is high, and less during off-peak hours. Mon-Fri  Time Price/kWh
Customers are enrolled in this plan by default (see table), but they may instead

choose a flat rate of 21¢ per kilowatt-hour at all times. On-peak  4-9 PM $0.34
“This latest electric bill is very high,” said Destiny’s dad, Mr. McNair. “We need Mid-peak  12-4 PM $0.24

to decide whether to stay on time-of-use pricing or switch to a flat-rate plan.”
To help her family decide, Destiny is exploring whether shifting flexible

activities—like laundry—to off-peak times could lower their bill and reduce Sat&Sun  Time Price/kWh
strain on the power grid.

Off-peak 9 PM-12 PM next day $0.16

Off-peak  All Day $0.16

Destiny tracked her family’s laundry habits over several weeks,

recording how many loads they did each week and when each Fri Sat

load was started (see table). The family always dries each load

immediately after washing to finish chores quickly. When two 2loads | | 2loads | 1lload |~ | lload |\ "
loads are done on the same day, they are completed back-to- (5PM) (4PM) | (1PM) (10AM)

back and do not cross different electricity pricing periods.

Destiny researched the energy use of their washer and dryer. She learned that watts (W) measure power, I

or the rate of energy use at a moment, while kilowatt-hours (kWh) measure the total energy used over
time. The washing machine uses 1.1 kWh to heat the water and 0.4 kWh to run each hot-water load. The
dryer is rated at 2,100 watts and runs for 48 minutes per load. The cost to run the dryer depends on its

power (in kilowatts) multiplied by the electricity price per kilowatt-hour. Assume the dryer uses the same

amount of power for every load, regardless of how much time has elapsed between uses.

The McNair family is considering two options:

o Option A: Stay on the time-of-use plan and shift when laundry is completed, prioritizing off-peak use. Because off-peak
scheduling may require smaller loads, this option results in one additional load of laundry each week. The Thursday
load cannot be moved due to Mrs. McNair’s work schedule, but all other loads can be shifted to off-peak times.

o Option B: Switch to the flat-rate plan and keep the current weekly laundry schedule unchanged.

“Given our work and school schedules (and the fact that we don't have space to hang laundry to dry) we need to use the
dryer for every load,” Mrs. McNair said. “Laundry is one of our biggest weekly energy uses. If lots of people shift their
power use just a little, this will alleviate the strain on the power grid and electricity demands won't spike.”

Every load is washed in hot water and dried in the dryer. The size of a load does not affect how much energy the
machines use or how long they run.

Question: If the McNair family has to make a change to either Option A or Option B, which option provides
the greatest percent decrease in annual electric costs for laundry from their current situation? Include the
percent decrease in your answer. Note that 1 kilowatt = 1,000 watts. There are 52 weeks in a year. Round to the
nearest hundredth only at the final answer, do not round intermediate steps.
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Although each problem has one correct numeric solution, there are
multiple pathways students can take to arrive at the answer.

Sample Solution

Solution blueprint: My solution to identify the option that has the greatest percent decrease in annual electricity costs
due to laundry requires me to:

1.Find the pricing for electricity for the laundry schedule that they’re currently doing.

2.Write equations to compute the cost of a load of laundry (using both the washer and dryer) in their current schedule

and electricity program.

3.Find the weekly and annual electric costs for laundry in the current model.

4.|dentify the Option A schedule and cost per load, week, and year.

5.ldentify the Option B schedule and cost per load, week, and year.

6.Compute the percent decrease in costs for the better option (in terms of greater percent decrease).

Step 1: Find the pricing for electricity for the laundry schedule that the McNair family is currently doing. In the problem,
| was told the family’s laundry schedule. | also know that all laundry was completed within a time-of-use window and did
not span more than one window of pricing.

¢ Monday (2 loads) started at 5 PM. This is on-peak pricing, so $0.34/kWh.

o Wednesday (2 loads) started at 4 PM. This is on-peak pricing, so $0.34/kWh.

e Thursday (1 load) started at 1 PM. This is mid-peak pricing, so $0.24/kWh.

o Saturday (1 load) started at 10 AM. This is off-peak pricing all day, so $0.16/kWh.

So there are 4 on-peak loads per week, 1 mid-peak load per week, and 1 off-peak load per week.

Step 2: Find equations for the cost of a load of laundry (using both the washer and dryer) in their current schedule and
electricity program. Destiny’s washing machine uses 1.1 kWh to heat water and 0.4 kWh to run each hot-water load. |
was told that all of the laundry is done using hot water.

washer cost per load = (1.1 + 0.4) kWh x cost per kWh
washer cost per load = 1.5 kWh x cost per kWh

For the dryer, | wasn't told how many kWh it takes per load, but | can compute it as | was told that the hourly cost to run
the dryer equals its power (in kilowatts) times the price per kilowatt-hour. | know that they have 2,100-watt dryer takes
48 minutes per load to dry (which is not a full hour). | will also need to convert 2,100 watts to kilowatts.

1 kilowatt 1 hour
dryer cost per load = 2,100 watts x ——— X 48 minutes x —— — x price per kWh
1,000 watts 60 minutes

dryer cost per load = 2.1 kilowatts x 0.8 hours x price per kWh

dryer cost per load = 1.68 kWh x price per kWh

Note that the total per load could be found by summing the washer and dryer power use:

1.5 kWh (washer) + 1.8 kWh (dryer) = 3.18 kWh x price per kWh
Computations for the remainder of this sample answer key will use the separate calculations rather than this combined total, but
the final answer would be the same if this combined power use equation is used instead.
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(...sample solution continued...)

Step 3: Find the weekly and annual electric costs for laundry in the current model. Using the formulas identified in the
previous step, | can find the cost of each load of laundry in each time-of-use window.

On-peak:

washer cost per load dryer cost per load

= 1.5 kWh x cost per kWh = 2.1 kilowatts x 0.8 hours x price per kWh Total for each on-peak load of

= 1.5 kWh x $0.34 = 2.1 kilowatts x 0.8 hours x $0.34 laundry (wash and dry):

= $0.51 =$0.5712 $0.51 + $0.5712 = $1.0812 per load
Mid-peak:

washer cost per load dryer cost per load Total for each mid-peak load of

= 1.5 kWh x $0.24 = 2.1 kilowatts x 0.8 hours x $0.24 laundry (wash and dry):

= $0.36 = $0.4032 $0.36 + $0.4032 = $0.7632 per load
Off-peak:

washer cost per load dryer cost per load Total for each off-peak load of

= 1.5 kWh x $0.16 = 2.1 kilowatts x 0.8 hours x $0.16 laundry (wash and dry):

= $0.24 = $0.2688 $0.24 + $0.2688 = $0.5088 per load

In the current model,

($1.0812 x 4 on-peak loads) + ($0.7632 x 1 mid-peak load) + ($0.5088 x 1 off-peak load)
= $4.3248 + $0.7632 + $0.5088

= $5.5968

In a 52-week year: 52 x $5.5968 = $291.0336

$291.0336 annually for laundry in the current schedule on the time-of-use model

Step 4: Identify the Option A schedule and cost per load, week, and year. In Option A, the time-of-use pricing is still
used, but the family is adjusting so that they have to do 1 additional load of laundry per week (so 7 instead of 6 loads).
The Thursday load during mid-peak time cannot be moved, but the remaining 6 loads can be done on off peak times.

Off-peak: $0.5088 per load x 6 loads per week = $3.0528 weekly
Mid-peak: $0.7632 per load x 1 load per week = $0.7632 weekly
Weekly total: $3.0528 + $0.7632 = $3.8160 shifting all but one load to off-peak weekly staying on time-of-use plan

Annual total: 52 x $3.816 = $198.432 annually for Option A plan
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(...sample solution continued...)

Step 5: Identify the Option B schedule and cost per load, week, and year. In Option B, electricity costs are the same rate
all the time. The McNair family will continue to just do 6 loads of laundry if on Option B (they may choose to switch to
off-peak hours, but that will not have any impact on the price per kilowatt hour).

Flat-rate

washer cost per load dryer cost per load

= 1.5 kWh x cost per kWh = 2.1 kilowatts x 0.8 hours x price per kWh Total for each load of laundry (wash

= 1.5 kWh x $0.21 = 2.1 kilowatts x 0.8 hours x $0.21 and dry):

=$0.315 = $0.3528 $0.315 + $0.3528 = $0.6678 per load

Flat-rate: $0.6678 per load x 6 loads per week = $4.0068 weekly
Annual total: 52 x $4.0068 = $208.3536 annually for Option B plan

Step 6: Compute the percent decrease in costs for Option A and Option B. The original (their current plan) has an annual
total of $291.0336. Percent decrease: (original - new) / original x 100%

Option A percent decrease: ($291.0336 - $198.432) / $291.0336 x 100%
$92.6016 / $291.0336 x 100%
31.8181..%

Rounded to the hundredths place: 31.82% decrease in annual laundry electricity costs choosing Option A

Option B percent decrease: ($291.0336 - $208.3536) / $291.0336 x 100%
$82.68 / $291.0336 x 100%
28.4091...%

Rounded to the hundredths place: 28.41% decrease in annual laundry electricity costs choosing Option B.

I am looking for the greatest percent decrease, which is Option A.

Final Answer: There is a 31.82% decrease in annual laundry electricity costs choosing Option A.
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