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Subject: EMF and ‘Dirty Power’ in Context to the Proposed Paeahu Solar Project, Maui County, 
Hawaii 

 
Paeahu Solar, LLC (Paeahu Solar) proposes to construct and operate the Paeahu Solar Project (Project) 
on privately owned land near Wailea, on the Island of Maui, Hawai‘i. The Project will consist of a 15-
megawatt solar photovoltaic system coupled with a 60-megawatt-hour battery energy storage system. 
The Project will be located 0.6 miles east of Pi‘ilani Highway, on the western portion of tax map key 2-1-
008:001, owned by Ulupalakua Ranch (Figure 1). The solar photovoltaic system will consist of a series of 
photovoltaic panels mounted on a fixed-tilt racking system, as well as related electrical equipment. The 
solar arrays and associated infrastructure would be sited within a 212-acre Project study area. Paeahu 
Solar anticipates that the total combined footprint of Project components will be approximately 150 
acres (Project Area), of which the solar panels will cover approximately 50 acres. The Maui Meadows 
neighborhood is located downslope of the Project Area; the Project’s closest solar arrays would be set 
back a minimum of 300 feet from the closest property line. 

Solar energy is the conversion of sunlight into usable energy forms. The sun’s rays transmit light energy, 
in the form of photons, which can be converted to electricity using certain materials that naturally 
release electrons when exposed to light. These materials are contained within the photovoltaic solar 
panels. When the sun shines on the solar panels, direct current (DC) electricity is produced at a low 
voltage. The DC electricity produced by the Project’s solar panels will be fed into a power conversion 
system (PCS) via underground DC electric collector lines.1 The Project includes seven PCSs distributed 
throughout the solar array areas. Each PCS includes three or four DC Coupled Energy Storage System 
(DC-ESS) Units and a step-up transformer. The DC-ESS Units combine a lithium-ion battery system, 
inverter, and controller that can either a) store DC electricity for future use, or b) convert DC electricity 
to alternating current (AC) electricity2 and send the AC electricity to the step-up transformer, as 
required based on grid demand. The step-up transformer increases the AC voltage from the DC-ESS units 

 
1 In areas where the desired depth cannot be achieved (due to basalt rock or other prohibitive subsurface 
conditions), the collector lines may be housed in cable trays or covered with concrete slurry in accordance with the 
applicable National Electric Code provisions. 
2 AC electricity is the form of electricity that is used by the power grid and household appliances. 
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to 34.5 kilovolts (kV), where it will then be conveyed via AC underground3 medium voltage collector 
lines and combiner boxes to the Project’s collector substation. The collector substation will include a 
main power transformer which will further increase the electrical voltage to 69-kV in order to match the 
voltage of the Maui Electric electrical grid. The Project will interconnect with the grid via a 0.5-mile 
overhead generation-tie line that will extend from the Project’s collector substation to the existing Maui 
Electric Auwahi switchyard.   

Electric and Magnetic Fields (EMF) 
Electric fields and magnetic fields are different phenomena caused by distinct aspects of electrical 
equipment and should be defined and evaluated separately.  Electric fields are produced whenever a 
conductor such as a power line is connected to a source of electrical voltage. A common example of this 
is a lamp plugged into a wall outlet in a home. When the lamp is plugged in, a voltage is induced in the 
cord to the lamp that causes an electric field to be created around the cord. The electric field remains 
constant as long as the lamp is plugged into the wall, even when the electricity is not being used. In 
other words, even if the lamp is off, there is an electrical field around the lamp cord. Electric field 
strengths are measured in units of volts per meter (V/m) or kilovolts per meter (kV/m), where 1 kV/m = 
1000 V/m. Magnetic fields are produced whenever an electrical current flows in a conductor. In the 
lamp example, if the lamp is turned on, allowing electricity to flow to the lamp, a magnetic field is 
created around the lamp cord in addition to the electric field. The magnetic field will vary with the 
amount of power flowing through the conductor. Magnetic fields are measured in milligauss (mG). The 
strength of both electric and magnetic fields decreases rapidly with distance from the source.4  

Varying levels of EMF will be produced by specific electrical infrastructure located within the Project 
Area. The Project solar panels and underground DC collector lines will produce low levels of DC EMF, 
while the Project’s PCSs, AC collector lines, and 69-kV AC generation-tie line will produce low levels of 
AC EMF. EMF associated with DC electricity and AC electricity have different characteristics as explained 
below. DC electricity is considered “static” because it does not vary in the direction of the electrical 
current. Static magnetic fields are created by magnets or by the flow of DC electricity. The earth has a 
naturally occurring static magnetic field, which is what enables a compass to be used for directional 
finding. The Earth’s magnetic field varies between 350 and 700 mG, depending on the location. Static 
electric fields are created by the separation of a positive and negative electric charge and are created 
naturally by the Earth’s atmosphere during stormy conditions or by friction (e.g., “static cling” of clothes 
from the dryer).  

 
3 In areas where the desired depth cannot be achieved (due to basalt rock or other prohibitive subsurface 
conditions), the collector lines may be housed in cable trays or covered with concrete slurry in accordance with the 
applicable National Electric Code provisions. 
4 For more information about EMF, please review the following publication: “EMF Electric and Magnetic Fields 
Associated with the Use of Electric Power Q&A,” which is published by the National Institute of Environmental 
Health Sciences of the National Institutes of Health. This publication can be downloaded at:  
https://www.niehs.nih.gov/health/materials/electric_and_magnetic_fields_associated_with_the_use_of_electric_
power_questions_and_answers_english_508.pdf  

https://www.niehs.nih.gov/health/materials/electric_and_magnetic_fields_associated_with_the_use_of_electric_power_questions_and_answers_english_508.pdf
https://www.niehs.nih.gov/health/materials/electric_and_magnetic_fields_associated_with_the_use_of_electric_power_questions_and_answers_english_508.pdf


 3  Tetra Tech, Inc. 

The DC magnetic fields produced by the solar panels will be a few mG, which is significantly less than the 
Earth’s natural magnetic field; therefore, it would not be detectable above the baseline levels of the 
Earth’s natural magnetic field at the Project’s western parcel boundary (adjacent to Maui Meadows). 
Additionally, the strength of the DC magnetic field is estimated to be zero within 50 feet of the solar 
panels because the magnetic field decreases rapidly with distance from the source. The closest solar 
panel to the Maui Meadow’s eastern property boundaries is over 300 feet away. The electric fields 
produced by the solar panels will be zero within 50 feet of the solar panels as the electric fields will be 
quickly absorbed by the metal of the solar panels, which will be grounded. The low voltage DC cabling 
will have both positive and negative conductor lines located close together; therefore, they will have no 
measurable EMF aboveground because the magnetic fields from the positive and negative lines will 
cancel each other out, a phenomenon called phase cancellation. Therefore, the DC EMF produced by the 
Project’s solar panels and collector lines would be unmeasurable at the property boundary.   

The PCS’s DC-ESS Units and step-up transformers, as well as the main power transformer at the collector 
substation, will act as point sources of AC EMF as they each have discrete locations within the Project 
Area. Each of these components will produce low levels of AC EMF that will decrease with distance in 
proportion to the cube of the distance decay rate. In other words, for each doubling of the distance 
from the EMF source, the EMF will drop by a factor of eight. As an example, if the magnetic field level 
near a transformer is 10 mG at a distance of 10 feet, the field level will drop to one eighth of this, or 1.25 
mG, at 20 feet and to 0.16 mG at 40 feet. This same decay rate would also apply to the electric fields 
from these same devices. Electric fields will also diminish from absorption by any vegetation (including 
low-growing vegetation) located in its path because the plants effectively ground the electric fields. The 
closest point source of AC EMF to the Maui Meadows neighborhood is a PCS located approximately 680 
feet east of the Maui Meadows subdivision boundary. The EMF field 680 feet from this PCS would be 
zero (and would be close to zero within 50 feet). The other PCSs are located over 680 feet from the 
nearest residential property and the collector substation’s main power transformer is located over 0.5 
miles from the residential properties. Therefore, no EMF from the Project’s PCSs and main power 
transformer would reach the homes in Maui Meadows.  

The linear AC power lines within the Project will also produce low levels of AC EMF. The 34.5-kV AC 
collector lines running from the DC-ESS Units to the Project collector substation will typically be buried 
underground and will thus produce very low levels of EMF fields, due to the earth absorbing the electric 
fields and the phase cancellation of both electric and magnetic fields. The 34.5-kV AC collector lines will 
be a minimum of 430 feet from the closest Maui Meadows property line and the EMF from the collector 
lines will drop to zero well before the Maui Meadows subdivision boundary.  

The 69-kV overhead generation-tie line extending from the Project collector substation to the Maui 
Electric Auwahi Switchyard south of the Project Area will produce low levels of EMF. However, these 
EMF fields will quickly dissipate to background levels within a few hundred feet from the 69-kV line. 
Since the 69-kV power line will be at least 2,800 feet from the closest Maui Meadows property line, the 
EMF from the 69-kV power line will drop to zero well before the Maui Meadows subdivision boundary.  
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The net result will be that the total level of EMF from the Paeahu Solar Project will be zero at the 
eastern edge of the Maui Meadows Subdivision. If baseline EMF measurements were made along the 
Maui Meadows eastern boundary, small levels might be measured. Existing EMF would be produced 
from the electrical conductors and currents used in and around the homes along the east side of 
Kumulani Drive (e.g., household appliances, electric lights, electrical wiring, etc.) and the existing 
overhead electric power lines along the Kumulani Drive that provide electricity to those homes. If 
deemed necessary by regulatory agencies, measurements of magnetic fields could be made before 
construction of the Project and after the Project begins operating to assess whether EMF from the 
Project’s electrical infrastructure would extend into the Maui Meadows neighborhood. In this scenario, 
field staff would walk the eastern boundary of the Maui Meadows neighborhood prior to construction 
with a calibrated magnetometer (capable of measuring magnetic fields as low as two-tenths of a mG) 
and take magnetic field measurements along a set transect (e.g., every 25 feet walking north to south 
along the fence line). If a high magnetic field is encountered along the transect, measurements would be 
taken walking away (east) from the EMF source until the field is unmeasurable. This would provide a 
decay rate for the existing magnetic field. The same transects would be walked and measured during the 
post operational phase of the Project and the results of the pre-construction and post-operation data 
sets would be compared to assess any measurable differences in EMF. The pre-construction and post-
operation field measurements would be conducted at the same time of day and on days with similar 
weather (to the extent practicable) in an attempt to limit the variability of the neighborhood’s use of 
electrical appliances (e.g. air conditioning, electric stoves, etc.). The EMF levels at Maui Meadows are 
not expected to change as a result of the Project.  

“Dirty” Power 
Solar electric systems have been accused of producing “dirty” power from their operation. Dirty power 
is electricity that contains high radio frequency (RF) noise in addition to pure 60 Hertz (Hz) electric 
power. “Dirty” power usually is not produced by utility-scale power generators, as they are typically 
subject to national power quality standards5 for conducted or radiated higher frequency emissions from 
their systems. However, many smaller consumer electronics are exempt from these standards due to 
their small size. These consumer devices can produce higher frequency noise that results in “dirty” 
power. Such small consumer devices include: personal computers, electric razors, electric power tools, 
florescent light bulbs, light dimmer switches, etc. Also, smaller consumer sized “square wave” or 
“modified sine wave” inverters used in residential home solar systems have limited filtering and can 
cause non-sinusoidal voltage waveforms that can cause significant issues with other consumer 
equipment, such as microwaves or power tools. In contrast, large commercial multi-step inverters such 
as those proposed for installation at the Project include adequate high frequency voltage filtering, which 
results in a near perfect sine wave with very low harmonic distortion. The power output of the Project 
inverters will be a 60 Hz sine wave with very low harmonic distortion as the inverters are designed to 
have a Total Current Harmonic Distortion (THD) of less than 1.2 percent. This THD level is less than the 

 
5 The Institute of Electrical and Electronics Engineers (IEEE) sets standards for the power and energy industry. IEEE 
1547 is a widely adopted standard addressing the performance, operation, testing, safety considerations and 
maintenance of a grid interconnection.  
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standard set by IEEE 1547 (an industry standard that applies to the power output from these inverters) 
which sets the THD limits for equipment to a total of 5 percent across all frequencies. Therefore, the 
actual harmonic distortion from the Project inverters easily complies with the IEEE 1547 standard, as the 
THD is less than 1.2 percent and no further high frequency filtering will be required to condition the 60 
Hz output power from the inverters. In addition, the electricity produced by the inverters will transmit 
through the power transformer located within the Project collector substation. The power transformer 
will effectively block high frequency noise by filtering the electricity to smooth 60 Hz sinewaves before it 
is delivered to the grid.  

The Project inverters (located at the DC-ESS Units within the PCSs) will convert the DC electricity from 
the solar panels to 60 Hz AC electric power and will use high frequencies in their operation; however, 
the frequencies used are less than 1 megahertz and therefore do not cause interference with higher 
frequency communications (radio, TV, or cell phones). The inverters will meet RF radiation standards for 
a Class B digital device as required by part 15 of the Federal Communications Commission Rules (Code of 
Federal Regulations Title 47, Part 15). These limits are designed to provide reasonable protection against 
harmful RF interference to electronic devices in a nearby residence. Since the inverters are designed to 
operate without interference near a residence and the closest residence to a Project inverter is 
approximately 680 feet, any low level of RF produced by the inverter will dissipate near the inverter 
within the Project’s boundaries, and will not be measurable or noticeable at the Project boundary.  






