Building Science Education Solution Center – Electrical Panels
Proficiency Level 3: Apply
Learning Objective 3.1:
· Determine your electrical load and service capacity needs when adding circuits for new appliances
Lecture Notes 3.1:
References: 
Ask-the-electrician.com. Electrical Load Calculation – Online Interactive Residential Electrical Load Calculator. 2022. https://ask-the-electrician.com/residential-electrical-load-calculation.html#beginAdv
Redwood Energy. Watt Diet Calculator. 2022. https://www.redwoodenergy.net/watt-diet-calculator
As the electric grid reduces its source carbon emissions, rooftop solar becomes more affordable, electric appliances get more efficient, and electric vehicles gain market share, it makes sense to transition homes to be all electric. However, there are some considerations before “pulling the plug” on your gas appliances to make sure your home is electric-ready. Generally, there are two limiting factors to adding electric appliances to your home:
1. Physical breaker space, which means there is enough room for new single- or double-pole breakers to be attached to the main bus bars
2. Electrical service capacity, meaning the amperage to the home is adequate to power the new appliances

Breaker Space
The electrical panel shown in Figure 1 has reached its limit of possible circuits, meaning that there is no more room on the main bus bars to attach another circuit breaker. One solution to adding more physical breaker space is to add a subpanel. A subpanel is a secondary electrical panel that is supplied power from the main electrical panel, typically with a 240V feeder breaker (it is called a feeder breaker because it is feeding power to the subpanel). Another solution is to use slim breakers, which are narrower breakers that can be installed side-by-side where a single breaker would go on the panel.
Once there is a subpanel or slim breakers installed, more circuits can be added. However, with those additional circuits comes more power draw and adequate electrical service capacity must be ensured so that the new circuits can be powered. 
[image: ]
[bookmark: _Ref104995551]Figure 1 - A residential electrical panel with the cover off. There is no more room on the main bus bars to attach another circuit breaker. In this case, a subpanel has been added to the left of this panel to increase the number of circuits.

Service Capacity
The electrical service to a home is typically between 100A and 200A, but can be more or less depending on age, size, and the electrical demand of the home appliances. Knowing your service amperage is the first step to determining if you will have enough electrical capacity to operate new appliances like heat pumps or electric vehicle chargers. 
As discussed in Electrical Panels – Level 1, electricity is carried into your home through overhead or in-ground lines from the electrical grid. Electric meters and main breakers are designed to handle a certain amount of electrical current. The meter may indicate the service amperage to the home and/or the main breaker will have the amperage printed on the toggle switch. For example, Figure 2 shows a main breaker that has “200” is printed on the toggle switch, which indicates there is 200A service to the home. 
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[bookmark: _Ref96961055]Figure 2 - The main breaker or service disconnect switch with "200" printed on the toggle switch, indicating 200A service to the home.

Next, to determine if the service capacity is enough to handle their new appliance, like a heat pump, without exceeding the amperage of the main breaker, a load calculation should be performed. At a basic level, a load calculation adds up the amperage of all the appliances in the home and then adds the new load of the heat pump to determine if the total amperage is less than the rating of the main breaker. However, it is safe to assume that not every appliance will require its full amperage all at the same time (e.g., it’s not likely that the oven and all five burners are on high, while the AC is running, along with the toaster, clothes dryer, and every single light, etc.), so a demand factor, often a percentage that represents the amount of time in each day an appliance is operating, is applied to the total amperage to find the calculated load. Using this methodology, the actual amperage draw at any single moment is much lower than the sum of each appliance’s amperage. 
To calculate the electrical load per National Electrical Code (NEC) Article 220.82, follow the steps below. First a key term to define:
· Volt-Ampere (VA) - One VA is equal to one watt, but it describes apparent power, not real power. VA is used for an assumption of power that could be drawn instead of a measure of actual power drawn.
To calculate electrical load: 
1. General Electrical Load Requirements
a. Take the area of the home, in square feet, and multiply the value by a general load assumption of 3 volt-amperes (VA) per square foot for lighting and general use receptacles. 
b. Count the number of small appliance circuits in your home, which may include a kitchen countertop where a toaster and/or a blender may be plugged in, entertainment centers, or home offices. If your electrical panel is well labeled, you can count the number of breakers that serve those areas. Otherwise, count the number of areas in your home that service these types of appliances. For example, if your home has one kitchen, an entertainment area where a TV, internet modem, and gaming console is plugged in, a home office, and 2 bathrooms, that would be five small appliance circuits.
i.  Multiply the number of small appliance circuits by an assumption of 1,500 VA per circuit.
c. The same 1,500 VA assumption will also be applied to the number of laundry circuits, which refers to each clothes washing machine in the home. Clothes dryers are included in the next section. 
2. Appliance and Motor Loads 
a. Sum the nameplate wattage rating as a VA value of each appliance listed below: 
i. Appliances (like microwaves) that are fastened in place and/or permanently connected
ii. Ranges, wall mounted ovens, counter mounted cooking units
iii. Clothes dryers that are not connected to the laundry branch circuit
b. Once the lighting, small appliances, and motor loads are summed, apply the following demand factors:
i. The first 10,000 VA are factored at 100% 
ii. The remaining VA are factored at 40% 
3. Heating and Air Conditioning Loads
a. Include only the largest from the following loads (i.e. only include the appliance from the list below with the highest power rating):
i. 100% of the air conditioning nameplate wattage
ii. 100% of the heat pump when used without supplemental electric heating
iii. If using supplemental electric heating, 100% of the heat pump compressor and 65% of the supplement electrical heating 
iv. 65% of space heaters if using less than four separately controlled units
v. 40% of space heaters if using four or more separately controlled units
vi. 100% of the nameplate wattage rating of electric thermal storage and other heating systems
4. Sum the loads above and convert to amps
a. Divide the total VA load by 240 volts, as that is the voltage supplied to the home. The resulting value is the total amps of the home which can be compared to the service capacity.

[bookmark: _Int_OVEQt1n1]Now that you’ve calculated the home’s existing electrical load, you can perform a similar calculation to determine if the existing service capacity is sufficient to power a heat pump. This is important to ensure that the main breaker will not be tripped from drawing too much power when adding the new appliance. 
To determine if the existing service capacity is sufficient to power a heat pump:
1. Use the following percentages for existing and new loads. The larger load of air conditioning or heating should be used (not both):

	Load
	Percent of Load

	Air conditioning equipment
	100

	Central electric space heating
	100

	Less than four separately controlled space heater
	100

	First 8,000 VA of all other loads
	100

	Remaining VA of all other loads
	40



2. General Electrical Load Requirements
a. Take the area of the home, in square feet, and multiply the value by a general load assumption of 3 volt-amperes (VA) per square foot for lighting and general use receptacles. 
b. Count the number of small appliance circuits, which may include a kitchen countertop where a toaster and/or a blender may be plugged in, entertainment centers, or home offices. Multiply the number appliance circuits by an assumption of 1,500 VA per circuit.
c. The same 1,500 VA assumption will also be applied to the number of laundry circuits, which refers to each clothes washing machine in the home. Clothes dryers are included in the next section. 
3. Appliance and Motor Loads 
a. Sum the nameplate wattage rating as a VA value of each appliance listed below: 
i. Appliances that are fastened in place and/or permanently connected
ii. Ranges, wall mounted ovens, counter mounted cooking units
iii. Clothes dryers that are not connected to the laundry branch circuit

The total amps, including the new heat pump must be less than the electrical service capacity. Even if the total amps value is close the service amount, the homeowner still may want to consider upgrading their electrical service to ensure that the main breaker does not trip on a high demand day (e.g., a hot day where the AC is running, laundry is being done, cooking, and the electric vehicle is charging). 
There are a few online resources to help with a load calculation, as well. For example, Ask-The-Electrician.com offers a web-based tool and Redwood Energy offers a Watt Diet Excel calculator for avoiding panel upgrades with electrification updates. 

Problem Set 3.1: 

1. Calculate the electrical load for a 2,500 square foot single-family home using the following appliances: 
a. 3 appliance circuits
b. 5,000W range
c. 1,000W dishwasher
d. 5,600W clothes dryer
e. 15,000W baseboard heating (resistance heaters)

You can use the following assumptions:
· 3 VA per square foot for lighting
· 1,500 VA per appliance circuit
· For general loads, assume the first 10,000 W at 100% demand factor and remainder at 40%.
· For heating loads, assume 100% demand factor

2. Now assume you want to add a 3-ton heat pump unit with 40-amp breaker to replace the floorboard heaters and add cooling. Will your electrical load exceed the home’s 200A service? Are you reducing or increasing the overall electrical load by adding the heat pump?


Learning Objective 3.2:
· Provide and employ methods to avoid upgrading a panel when installing a heat pump or other electric appliance
Lecture Notes 3.2:
References:
Redwood Energy. A Pocket Guide to All Electric Retrofits of Single Family Homes. 2022. https://www.redwoodenergy.net/publications/a-pocket-guide-to-all-electric-retrofits-of-single-family-homes
In the event that adding a heat pump or other new electrical appliance will exceed the electrical panel capacity, there are actions that can be taken to lower the electric load of the house. The following section describes methods to free up electrical capacity, as well as lower the required load of the new appliance being installed. These strategies can help avoid the need for a panel upgrade. 
Efficiency First
Whether installing solar, adding a new heat pump, or increasing the home’s electrical capacity, energy efficiency should be the first step to ensure that future systems are sized correctly and optimized for the space and use. Upfront costs to improve energy efficiency will often result in lower costs for new appliances later, reduced maintenance, and certainly lower energy bills in the future. 
Upgrading lighting to LEDs is an easy and cost-effective way to save energy and lower demand. Kitchen appliances, like induction cooktops and high efficiency refrigerators, are larger upgrades but can still save energy and pay back over time. Larger appliances, like heat pump water heaters and heat pump clothes dryers require lower electrical loads from the home’s panel than those with resistive loads. 
Lower the heating load
Improvements to the building envelope are not only an effective strategy to increase energy efficiency but can also lower the heating load and reduce the necessary space heating power. Air sealing (filling holes and cracks in the building envelope), improving windows and insulation, and duct sealing all reduce air leakage that either loses conditioned air to the outside and/or introduces unconditioned air into the space. The better sealed and insulated the home is, the less energy it takes to heat or cool the interior space. 
Additionally, the heating and cooling equipment can be more accurately sized for the space when it doesn’t have to make up for losses caused by a leaky envelope. This means less capacity is needed on the electrical panel and often a cheaper system. 
Optimizing Breaker Space[footnoteRef:2]  [2:  This sub-section’s content was adapted from Redwood Energy’s “A Pocket Guide to All Electric Retrofits of Single Family Homes.” Accessed November 8, 2022 from https://www.redwoodenergy.net/publications/a-pocket-guide-to-all-electric-retrofits-of-single-family-homes ] 

Condensing, combined washer/dryer (also called ventless washer/dryer) are popular world-wide and designed specifically for retrofits. They can plug into any 120V outlet in a house, while 240V dryers (resistance, heat pump and condensing) require a larger, 240V dedicated circuit.
Combined range and oven can save breaker space. The NEC requires twice as much power allocated to a separate oven and range (19,200W) as a combined range and oven (9,600W). Similarly, avoid attaching a microwave oven to the wall, which triggers an extra, dedicated circuit; just place the microwave on the countertop or cabinet.
Use circuit-sharing plugs (e.g. NeoCharge, Dryer Buddy, SplitVolt, or hard wired SimpleSwitch) so one existing high voltage (240V) outlet can power both two appliances that don’t need to run simultaneously, such as a car charger and a laundry dryer, or a water heater and a range.
[bookmark: _Int_p42Bb3i7]In older homes, when less efficient appliances were common, the circuits were upsized appropriately to fit these appliances. One way to utilize old wide breaker spaces is to replace them with tandem breakers that are thin and can serve two circuits from one breaker space (i.e, single pole space) or combine circuits in a sub panel that then lands on only one pair of poles in the main panel. Automatic Circuit Sharing (ACS) devices also make double use of a breaker space by serving two devices that take turns using the power. If things are really tight, gathering several small circuits onto a sub panel is a way to create more panel pole spaces. Keep in mind that a 100 Amp Sub Panel can be served by a smaller circuit like a 50 Amp circuit serving up to 80 Amps of loads because of their already counted diversity.
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Figure 3 - Example load calculation for a fictional 2,000 ft2 home that has taken measures to avoid a panel upgrade: ducted heat pump, medium power heat pump hot water heater, and hybrid heat pump clothes dryer. Courtesy of Redwood Energy
[image: ]
Figure 4 - Example load calculation for a fictional 3,000 ft2 home that has taken measures to avoid a panel upgrade: two automatic circuits, ductless mini split heat pump, resistance dryer, and high-power heat pump water heater. Courtesy of Redwood Energy

Problem Set 3.2
1. True or false: If you perform a load calculation and adding a new appliance, like a heat pump, exceeds the home’s panel capacity, the panel must be upgraded to allow for the new appliance. 

2. What is the first thing to do when considering an electrical upgrade to a home, like installing solar, adding a new heat pump, or increasing the home’s electrical capacity?
a. Install renewable energy, like solar
b. Upgrade the electrical panel
c. Maximize energy efficiency
d. Demolish the interior walls and rewire the home

3. List 3 ways to improve the building envelope. How does this help with electrical capacity? 
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