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WHAT DOES 40% RENEWABLE ENERGY LOOK LIKE 
on a small island grid? As with most things in life, the answer 
is, �It depends.� It depends on the characteristics of the ther-
mal generation mix, the diversity of the variable renewable 
resources, the capabilities and characteristics of the renew-
able generation technology, and the characteristics of the 
transmission grid. 

Island systems face challenges in these areas not experi-
enced by large, integrated systems. In spite of this, Hawai-
ian grids are targeting�and on one island have recently 
reached�40% of electrical energy from the islands� abundant 
renewable resources. The steps to reach this goal are outlined in a recent agreement between the 
Hawaiian Electric utility; the governor of Hawaii; the Hawaii Department of Business, Economic 
Development, and Tourism; and the State of Hawaii Of� ce of the Consumer Advocate. The U.S. 
Department of Energy (DOE) also participated. Information on this energy agreement, part of the 
Hawaii Clean Energy Initiative, can be found at hawaiicleanenergy.com or www.heco.com.

As part of this agreement, Hawaiian Electric (HECO) and its subsidiaries Hawaii Electric Light 
Company (HELCO) and Maui Electric Company (MECO) have agreed to increase the integration of 
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renewable energy resources on their grids, including up to 42 
MW of additional wind capacity for Maui (bringing the total 
to 72 MW) and up to 500 MW of total wind capacity for 
Oahu. Table 1 shows a comparison of existing and planned 
wind penetration on the Hawaiian grids as compared with 
other systems with large wind penetrations, measured as the 
ratio of wind plant capacity to minimum system load plus 
export capacity, which in the case of the Hawaiian islands 
is zero.

Adding this much wind power to our island grids will 
be challenging, but given Hawaii�s current dependence on 
imported oil for its energy needs, it is of critical strate-
gic importance. We must develop the abundant renewable 
energy resources in Hawaii to the best of our abilities in 
order to guard against the economic, security, and climate 
vulnerabilities associated with using fossil fuels for 90% of 
the state�s total energy needs, including air, ground, and sea 
transportation and electric generation. 

HECO, MECO, and HELCO are vertically integrated 
utilities that own and operate the electric grids on the islands 
of Oahu, Maui, Molokai, Lanai, and Hawaii. No transmis-
sion lines tie one island grid to another. Each grid operates 
independently and self-reliantly. 

HELCO 
The HELCO system on Hawaii Island or the Big Island has 
been the trailblazer for wind power integration in Hawaii. 
Most of this article will focus on the HELCO system, as the 
other islands are following its lead. Generation on Hawaii 
Island, the largest island in the chain, consists of a mix of 
steam, combustion turbine, internal combustion engine, geo-
thermal, wind, and hydroelectric generation. The peak load 
is approximately 180 MW, and the minimum load is approx-

imately 90 MW. A geothermal plant produces nondispatch-
able generation of 27 MW off-peak and 30 MW on-peak, 
which does not currently provide frequency regulation. The 
HELCO system has a total of 33.5 MW�over one-third of 
minimum load�of wind power capacity provided by three 
wind plants with capacities of 2.5 MW, 10.5 MW, and 20.5 
MW. Not only is the wind capacity a large percentage of 
the system, but the wind plants have high capacity factors: 
75% and 46% monthly high and 61% and 37% average in 
2007 for the two larger wind plants, respectively. In addition, 
HELCO also has nearly 17 MW of run-of-the-river hydro-
electric capacity. In February 2009, the HELCO system 
drew more than 40% of its energy from renewable resources, 
with 14.3% from wind power alone, as shown in Figure 1.

The statistics in Figure 1 do not capture the relatively 
large amount of rooftop photovoltaic (PV) generation instal-
led on Hawaii Island. The PV is not captured because it is 
not visible to the system operator and in aggregate looks like 
reduction in load. This PV generation currently provides 
more than 4 MW of generation capacity and is forecast to 
exceed 6 MW in 2009. Relatively large numbers of small, 
rooftop PV installations can be a problem on island systems 
because these systems trip off-line at 59.3 Hz, per the IEEE 
1547 guidelines. Small, island systems tend to have small 
system-frequency biases; HELCO�s bias ranges from 1 MW 
to 2 MW per 0.1 Hz. Should a system disturbance drive the 
frequency below 59.3 (as can happen with a single generator 
providing nearly 20% of the system load and no spinning 
reserve to cover loss of the largest unit), the PV systems will 
trip off-line and could drive the system frequency below the 
� rst load shed block on the system, set at 59.0 Hz. 

A recent stability study of the system determined that 
the HELCO system requires a minimum number of steam 

table 1. Wind penetration comparison.

Power System Region Penetration (%)*

West Denmark 58
Schleswig Holstein (Germany) 44
Gotland (Sweden) 40
HELCO 39
MECO 38
Ireland 38
MECO (Planned: 72 MW wind / 90 MW Min. Load) 80
HECO (Planned: 500 MW wind / 635 MW Min. Load) 78

*Penetration 5 Maximum Wind Power / (Lowest Consumption 1 Export Capacity).

HECO, MECO, and HELCO are vertically integrated 
utilities that own and operate the electric grids on the islands 
of Oahu, Maui, Molokai, Lanai, and Hawaii.
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 generators online at all times to provide the inertia required 
to maintain system stability. These must-run generators�
plus the minimum generation from the hydro, geothermal, 
and fossil-fuel independent power producers�create an 
excess energy problem in the off-peak hours when wind gen-
eration often needs to be curtailed. Figure 2 below illustrates 
this excess energy issue.

The HELCO system has a fairly smooth daily load curve. 
As such, the variations in wind power production are a major 
contributor to the deviation of the system frequency from 
60 Hz. The native frequency band without wind power was 
1/20.06 Hz. This increased to 1/20.1 Hz during a moder-
ately variable period with wind on the system. 

The two larger wind plants tend to be fairly well corre-
lated in the hourly time frame, however the 20.5-MW wind 
plant is in a much more volatile wind regime and provides 
little in the way of diversi� cation in short-term variability. 
Studies have shown that the deviations in system frequency 
increased with the addition of the 20.5-MW wind plant rela-
tive to the 10.5-MW wind plant alone. 

The 20.5-MW wind plant has a ramp-rate limit of two MW 
per minute in the upward direction and two MW per minute in 
the downward direction, when operationally feasible. In effect, 
the ramp rate is limited only in the upward direction when the 
wind plant is capable of operating at its maximum available 
output. However, the wind plant is able to keep the power out-
put relatively smooth when curtailed or at other times when 
the wind plant is operating at less 
than full power and is able to con-
trol its ramp rate in both directions. 
These ramp-rate limits were a 
novel  concept at the time the wind 
plants were installed; limits were 
not yet being required of wind 
plants on other systems. Since 
then, other systems, such as those 
in Ireland, have been requiring the 
ability to enforce ramp-rate limits 
when needed by the grid. Also, due 
to the relatively large size of the 
wind plants on its system, HELCO 
was on the leading edge of insti-
tuting undervoltage and underfre-
quency ride-through requirements 
of the wind plants when they were 
installed. Again, grid codes for 
larger systems have followed suit, 
including the recently issued FERC 
Orders 661 and 661-A for the North 
American grid.

HELCO has experimented with 
the tuning of its automatic  generator 
control (AGC) to better accom-
modate the variable wind genera-
tion on its system. It � rst tried to 

make the AGC more responsive to the variations in system 
frequency. However, this made the variations worse because 
the AGC was in effect trying to chase the random variations in 
frequency caused by the wind power output. The latency in the 
response of the generating units to the AGC commands often 
led to the units changing their output in response to the origi-
nal change in wind power just when the wind power changed 
direction again, causing the unit on AGC to overcompensate. 

figure 1. HELCO February 2009 energy sources as a 
 percentage of total production.
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figure 2. Illustration of off-peak excess energy.
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HELCO found that it was more effective to �detune� the 
AGC or make the AGC less reactive to changes in system 
frequency within a certain deadband. This strategy used the 
droop response of the units to deal with the smaller random 
variations in wind power output and the AGC commands 
for larger-frequency deviations. This strategy helped reduce 
the frequency deviations overall, but it also introduced addi-
tional risk since the AGC will allow as much as 1/20.2 Hz 
in frequency deviation before issuing control signals to the 
dispatchable units.

The regulating reserves on the HELCO system are driven 
by the wind plant output. The amount of regulating reserves 
varies depending on the wind conditions at the time. The regu-
lating reserves are needed to provide the frequency-regulation 
capability needed to deal with the variations in the output from 
the wind plants as well as the sustained ramp events during 
which the wind plants can lose nearly all of their power output 
in less than an hour. Quick-starting generation is needed to deal 
with sustained ramp events like the one shown in Figure 3.

These reserves are needed in part due to the fact that 
the current commercial wind forecasts are generally tuned 
to minimize the mean absolute error or root-mean-square 
error for day-ahead forecasts and do not do as good a job of 
predicting the large down-ramps in wind plant output that 
occur from time to time. These are the events that HELCO 
and the grids on the other islands must be prepared to ride 
through, given that they don�t yet have adequate advanced 
warning of when they will occur and cannot rely on other 
grids for support. 

Current forecasting research is in progress with the 
National Renewable Energy Laboratory (NREL) to deter-
mine if the large down-ramps can be predicted and if addi-
tional wind-measurement locations can provide an early 
warning such that the regulating reserve can be minimized.

In addition, the regulating reserve on the system needs to 
be spread across the units that can provide frequency regula-
tion rather than spread economically as was done prior to the 
current wind penetration on the system. This allows each of 

the units capable of regulating fre-
quency to participate, rather than 
having the most economic units 
operating at full output and thus 
unable to regulate in the upward 
direction should wind power fall 
off unexpectedly.

In summary, HELCO faces 
many challenges to integrating 
large amounts of variable renew-
able energy in its system. It has 
no interconnections to other grids, 
a large percentage of its genera-
tion that provides no frequency 
regulation, a small number of 
large wind power plants with few 
diversity bene� ts, and a large re-
newable generation penetration 
with excess energy in the off-peak 
period. Even with these challeng-
es, HELCO has done remarkably 
well in adjusting and learning to 
live with these large wind plants 
on its system. 

MECO 
MECO�s electric system on the 
island of Maui is similar in load figure 3. Wind ramp event utilizing quick-start diesel generation.
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Residents and businesses in Hawaii are especially 
vulnerable to political and economic forces that affect the 
price and availability of fossil fuels.
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