
Vol. 28, No. 4     2013 7

Optimization of Hybrid
Distributed Generation Systems
For Rural Communities in Alaska

Lindsay Willman
Moncef Krarti, PhD, PE, LEED®AP

ABSTRACT

 This article summarizes the results from a feasibility study to de-
sign optimal distributed generation (DG) plants for three remote com-
munities in Alaska. All three of these towns have isolated electrical grids 
and currently rely on diesel fuel for 100% of their electricity and heating 
requirements. This assessment included an analysis of each communi-
ty’s electrical and thermal load, a wind and solar resource evaluation, 
modeling and optimization of various DG systems using HOMER soft-
ware, and an economic analysis of these systems. For all three of the 
communities, hybrid wind-diesel systems have the potential to provide 
reductions in the cost of energy. However, the economic feasibility of 
these systems is extremely site-specific. In addition to providing possible 
decreases in the cost of energy, these hybrid systems can also provide 
significant environmental benefits, such as reductions in diesel fuel use 
and CO2 emissions. Future research should evaluate hybrid solar/wind 
generators with combined-heat-and- power (CHP) diesel engines.

Keywords: hybrid distributed generation, remote communities, level-
ized cost of energy, HOMER, wind-diesel hybrid systems

INTRODUCTION

 In the state of Alaska, large transmission systems exist in the most 
populated areas such as the Railbelt region, which runs from Fairbanks 
through Anchorage to the Kenai Peninsula. Transmission systems are 
also present in some areas in Southeast Alaska; however, over 150 ru-
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ral Alaskan communities have their own isolated electrical grids. About 
70% of the electricity requirements for the Railbelt region are met with 
natural gas generators whereas in the majority of the remote areas, most 
of the electricity and heating requirements are met with diesel genera-
tors [1]. In 2010, residents in these rural areas had electricity rates be-
tween 40 and 60 cents per kilowatt hour (kWh), with some paying over 
$1.00 per kWh [2]. Conversely, communities in the Railbelt region that 
get electricity from hydroelectric facilities or natural gas generators have 
electricity rates between 10 and 15 cents per kWh [3].
 Due to rising electricity rates and diesel prices, many rural Alaskan 
communities are considering the addition of renewable energy sources 
and other distributed generation (DG) technologies to form hybrid DG 
systems. Alaska’s significant wind resource has led many coastal com-
munities to invest in wind energy projects [1]. As of spring 2009, ten 
hybrid wind-diesel systems were operating in rural communities, with 
six more systems in development [4]. Preliminary results are promising; 
hybrid DG systems have the potential to lower the cost of electricity, 
improve the reliability of electricity and heating systems, and lower the 
emissions from diesel generators.
 Numerous studies have analyzed hybrid DG systems involving diesel 
for remote communities. Shaahid and El-Amin [5] performed a techno-
economic evaluation of a hybrid PV-diesel-battery system for a rural area 
in Saudi Arabia. Due to the excellent solar resource for the community, a 
PV hybrid system would be a good option that would maximize diesel 
generator efficiency, minimize generator maintenance, and reduce carbon 
emissions. Saheb-Koussa, Haddadi, and Belhamel [6] performed a similar 
study of a hybrid wind-PV-diesel-battery system for remote areas in 
Algeria, noting that the cost of energy and the characteristics of the system 
are extremely site-specific.
 In addition to studies from other areas around the world, rural hy-
brid diesel systems are also an active area of research in the state of Alas-
ka. Clark and Isherwood [7] believe that DG systems can compete with 
conventional fossil fuel generation for communities with high electricity 
costs, available renewable resources, and no interconnection with a large 
grid. For the location of their study, the results indicated that a wind-
diesel hybrid system could result in diesel fuel savings of over 50% and 
cost savings of over 30% compared to the base case (diesel only). Over-
all, Clark and Isherwood believe that the results of their study “should 
be realizable at numerous sites throughout Alaska.”



Vol. 28, No. 4     2013 9

 This article summarizes the results of a feasibility study of hybrid 
DG systems for three rural communities in Alaska: Mountain Village, 
Deering, and Ambler. This study included an analysis of each commu-
nity’s electrical and thermal load, a wind and solar resource evaluation, 
modeling and optimization of hybrid DG systems, an economic analysis 
of these systems, and an evaluation of the environmental benefits that 
they can provide. In the following sections, each component of the study 
is discussed.

ELECTRICAL AND THERMAL LOADS

 All three communities have a stand-alone electrical grid and cur-
rently rely on diesel fuel for all of their electricity and heating require-
ments. The annual electricity generation, diesel fuel use for electricity 
generation, and CO2 emissions from electricity generation for each town 
are shown in Table 1.

Table 1: Electricity Generation, Diesel Fuel Use, and CO2 Emissions [2]

 The total generating capacity for the community of Mountain Vil-
lage is 2,212 kW [8]. However, the type and capacity of the diesel genera-
tors are unknown. As a result, Mountain Village was modeled as having 
four 455 kW Caterpillar generators and a 410 kW Cummins generator 
for a total capacity of 2,230 kW. Deering has four generators with a total 
capacity of 578 kW. These units include 100 kW and 138 kW John Deere 
generators and two 170 kW Cummins generators [9]. Ambler has three 
generators with a total capacity of 982 kW [8] but the type and capacity 
of the generators are unknown. As a result, Ambler was modeled as hav-
ing three Cummins generators with the following capacities: 270 kW, 315 
kW, and 410 kW for a total generating capacity of 995 kW.
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 Since hourly electricity and heating demand data were not avail-
able for any of the communities, the software program eQUEST (QUick 
Energy Simulation Tool) was used to model the hourly electrical and 
thermal load for each village. The results of the simulation including the 
peak and average electric and thermal loads are shown in Table 2.

RESOURCE ASSESSMENT

 The Alaska Energy Authority (AEA) has performed an extensive 
study [1] regarding renewable energy resources in Alaska. Due to the 
state’s significant wind resource, a wind resource assessment was per-
formed for each of the villages. Although Alaska’s solar resource is mini-
mal during the winter, a solar resource assessment was also completed. 
Hourly wind and solar resource data were obtained from the AEA and 
the National Solar Radiation Database. The annual average wind speed, 
wind power density, and solar radiation values for each community are 
shown in Table 3.

Table 3: Annual Average Wind Speed, Wind Power Density, and Solar Radia-
tion Values

Table 2: Average and Peak Electric and Thermal Loads



Vol. 28, No. 4     2013 11

ELECTRICITY AND DIESEL FUEL PRICES

 Power Cost Equalization (PCE) program statistics for fiscal year 
2010 [2] were obtained for each community. This program provides sub-
sidies for residential customers in rural areas in order to decrease the 
cost of electricity for the first 500 kWh used by a customer each month. 
Community facilities are also eligible for a subsidized rate, but state and 
federal customers and commercial facilities are not. PCE subsidies are 
based on both non-fuel and fuel costs [10]. The PCE program statistics 
provide electricity price information for the electricity that is eligible for 
a subsidy and that which is not eligible. Diesel fuel prices are also pro-
vided. Current diesel fuel costs for each community are shown in Table 
4 and PCE statistics are shown in Table 5.
 The results from a study performed by the Institute of Social and 
Economic Research (ISER) at the University of Alaska Anchorage indi-
cate that electricity rates and PCE subsidies decrease as wind penetration 
increases [11]. As wind power supplies more electricity to a community, 

Table 4: Diesel Fuel Prices [2]

Table 5: PCE Program Statistics [2]
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diesel fuel use decreases, which lowers the electricity rate. However, a 
reduction in the electricity rate also results in a lower subsidy from the 
PCE program. It should be noted that this has been viewed as a disin-
centive for communities to invest in wind-diesel systems. As diesel fuel 
prices increase, the PCE subsidy also increases. However, communities 
with wind-diesel systems are not protected by the PCE program to the 
same extent that those with diesel systems are. This effect has the most 
significant impact on communities whose wind-diesel systems operate 
at low wind penetration levels. For systems with high penetration levels, 
the effect is not as great, since an increase in wind penetration protects 
the community from high fuel prices. Despite the issues surrounding 
the PCE subsidy, wind systems continue to be an attractive option for 
remote communities with an abundant wind resource due to their po-
tential to lower electricity rates, reduce CO2 emissions, and protect these 
areas from diesel price fluctuations.

DISTRIBUTED GENERATION SYSTEM MODELING

 Distributed generation systems were modeled and optimized us-
ing HOMER software [12]. Each town was modeled with its electrical 
and thermal load, a boiler, diesel generators with heat recovery, wind 
turbines, solar panels, batteries, and converters. An example of the struc-
ture of the system, as modeled in HOMER, is shown in Figure 1. For 

Figure 1: Hybrid system 
structure
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the sensitivity analyses, the diesel price was varied from $1/L to $3/L 
(about $3.80/gal to $11.40/gal). These values are consistent with the fuel 
price projections from ISER. Based on other wind-diesel system studies, 
a project lifetime of 25 years and a discount rate of 3% were chosen for 
the analysis.
 The capital cost and operation and maintenance (O&M) costs that 
were used for the simulations are shown in Table 6. The capital cost for 
the solar panels was obtained through the examination of grant appli-
cations for the Alaska Renewable Energy Fund. Battery system costs 
were reported by Susitna Energy and Sandia National Laboratories and 
converter costs were obtained from ABS Alaskan. Based on the types of 
wind turbines currently installed in Alaska, the Entegrity 50 kW turbine 
was considered for each hybrid system.

ANALYSIS OF RESULTS

Mountain Village
 The simulation results for the community’s current diesel fuel cost 
of $3.16/gal are shown in Table 7. This table displays the capital cost, 
the net present cost (NPC), and the cost of energy (COE) for the optimal 
system for each level of wind turbine capital costs. The first wind-diesel-
battery (W-D-B) hybrid system listed in the table includes eight wind 
turbines, a 455 kW John Deere generator, a 410 kW Cummins generator, 
100 batteries, and a 200 kW converter system.
 The monthly average electric production profile for the hybrid sys-
tem with eight wind turbines is shown in Figure 2. For this case, the an-
nual electricity production from wind is 1,227,169 kWh and that from the 

Table 6: Economic Parameters for HOMER Simulations [9], [11], [13]
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diesel generators is 1,748,822 kWh. Wind accounts for 41% of electricity 
production. The diesel generator electricity production, diesel fuel use 
for electricity generation, and CO2 emissions from electricity generation 
for this hybrid system and the baseline system are shown in Table 8. 
The wind-diesel-battery hybrid system results in a reduction of 1,050,773 
kWh of diesel generator electricity production. This equates to a reduc-
tion in diesel fuel use of about 71,020 gallons and a CO2 emissions reduc-
tion of 721 metric tons per year.
 The results from the sensitivity analysis are shown in Figure 3. The 
sensitivity variables are the diesel price and the capital cost of the wind 
turbines, denoted by eW15 Capital Multiplier. The capital cost ranges 
from $4,000 to $15,000 per kW of installed capacity. The levelized cost 
of energy (LCOE) for each system is also shown in the figure. A wind-
diesel-battery hybrid system is the optimal system, except for low diesel 
prices and high capital cost values.

Table 7: Mountain Village Simulation Results

Figure 2: Electric production profile for the hybrid system
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Table 8: Comparison Between Baseline System and the Hybrid DG System
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 Even though PV is not included in the optimal system, it could 
still be economically feasible. According to the simulation results, the 
COE for solar hybrid systems at a diesel price of $3.16/gal ranges from 
$0.214/kWh to $0.265/kWh. Solar hybrid systems become part of the 
optimal system if renewable energy fraction (REF) constraints are imposed 
on the electric profile. The optimal system for REFs ranging from 0% to 
50% and wind turbine capital costs ranging from $4,000 to $15,000 per 
kW are shown in Figure 4. The figure indicates the optimal systems for 
a fixed diesel price of $3.16/gal, the current cost of fuel. As shown in 
the figure, a wind-diesel-battery system is the predominant optimal sys-
tem; however, wind-PV-diesel-battery systems are the optimal system 
for high REF constraints. For all of these systems, the COE falls below 
Mountain Village’s standard electricity rate of $0.51/kWh.
 The LCOE as a function of the percent reduction in CO2 emissions 
from electricity generation is shown in Figure 5. As indicated in the 
chart, the optimal system in terms of the COE has a REF of 50%, a COE 
of $0.23/kWh, and a reduction in CO2 emissions of 44.3%. These values 
are achieved with a wind-diesel-battery system with ten turbines at a 
capital cost of $4,000 per kW, two generators, 200 batteries, and a 300 
kW converter system. With a capital cost of $10,000 per kW, the COE for 
this system increases to $0.292/kWh. The system with the highest COE 
includes ten turbines at a capital cost of $15,000 per kW, a 20 kW PV sys-
tem, two generators, and a 400 kW converter system.

Deering
 The simulation results for Deering’s current fuel cost of $4.69/gal 
are shown in Table 9. This table displays the capital cost, the net pres-
ent cost NPC, and the cost of energy COE for the optimal system for 
each level of wind turbine capital costs. The wind-diesel-battery hybrid 
systems include two turbines, both of the John Deere generators, one of 
the 170 kW Cummins generators, 50 batteries, and a 50 kW converter 
system.
 The monthly average electric production profile for the wind-
diesel hybrid system is shown in Figure 6. For this system, the annual 
electricity production from wind is 233,587 kWh and that from the die-
sel generators is 462,072 kWh. Wind accounts for 34% of electricity pro-
duction. The diesel generator electricity production, diesel fuel use for 
electricity generation, and CO2 emissions from electricity generation for 
the hybrid system and the baseline system are shown in Table 10. The 
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wind-diesel-battery hybrid system results in a reduction of 249,247 kWh 
of diesel generator electricity production. This equates to a reduction in 
diesel fuel use for electricity generation of about 19,322 gallons and a 
CO2 emissions reduction of 196 metric tons per year.
 The results from the sensitivity analysis are shown in Figure 7. The 
sensitivity variables are the diesel price and the capital cost of the wind 
turbines, denoted by eW15 Capital Multiplier. The capital cost ranges 
from $4,000 to $15,000 per kW of installed capacity. When the diesel 
price is high (above about $2.3/L), a wind-diesel-battery hybrid system 
is the optimal system. When the diesel price is low, this hybrid system is 
only the optimal system for relatively low wind turbine capital costs.
 Even though PV is not included in the optimal system, it could 
still be economically feasible. According to the simulation results, the 
COE for solar hybrid systems at a diesel price of $4.69/gal ranges from 
$0.292/kWh to $0.412/kWh. Solar hybrid systems become part of the 

Figure 5: COE as a function of reduction in CO2 emissions

Table 9: Deering Simulation Results
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optimal system if REF constraints are imposed on the electric profile. 
The optimal system for REFs ranging from 0% to 40% and wind turbine 
capital costs ranging from $4,000 to $15,000 per kW are shown in Fig-
ure 8. The figure indicates the optimal systems for a fixed diesel price 
of $4.69/gal, the current cost of fuel. As shown in the figure, wind-PV-
diesel-battery systems are the optimal system for high REF constraints 
and high wind turbine capital costs. Additionally, PV-diesel systems are 
the optimal system for low REF constraints and high wind turbine capi-
tal costs. For all of these hybrid systems, the COE falls below Deering’s 
standard electricity rate of $0.77/kWh.

Figure 6: Electric production profile for the hybrid system

Table 10: Comparison Between Baseline System and the Hybrid DG System
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 The LCOE as a function of the percent reduction in CO2 emissions 
from electricity generation is shown in Figure 9. As indicated in the 
chart, the optimal system in terms of the COE has a REF of 34%, a COE 
of $0.317/kWh, and a reduction in CO2 emissions of 35.4%. These values 
are achieved with a wind-diesel-battery system with two turbines at a 
capital cost of $4,000 per kW, three generators, 50 batteries, and a 75 kW 
converter system. With a capital cost of $10,000 per kW, the COE for this 
system increases to $0.369/kWh. The system with the highest COE has 
two turbines at a capital cost of $15,000 per kW, a 70 kW PV system, three 
generators, and a 100 kW converter system.

Figure 9: COE as a function of reduction in CO2 emissions

Ambler
 The simulation results for the community’s current diesel fuel cost 
of $3.75/gal are shown in Table 11. This table displays the capital cost, 
the NPC, and the COE for the optimal system. In this case, the optimal 
system is the diesel system with heat recovery for each level of wind 
turbine capital costs. With current diesel fuel prices, hybrid DG systems 
are not the optimal system for this community. It should be noted that 
although wind-diesel systems are not the optimal system, as they are for 
the other two communities, they could still provide reductions in the 
electricity rate. According to the simulation results, the COE for these 
systems ranges from $0.311/kWh to $0.876/kWh, depending on the die-
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sel price and the capital cost of the turbines. As a result, the COE for 
several of these systems falls below Ambler’s current electricity price of 
$0.54/kWh.

Table 11: Ambler Simulation Results

 The results from the sensitivity analysis are shown in Figure 10. The 
sensitivity variables are the diesel price and the capital cost of the wind 
turbines, denoted by eW15 Capital Multiplier. The capital cost ranges 
from $4,000 to $15,000 per kW of installed capacity. For this community, 
a wind-diesel-battery hybrid system is the optimal system only when 
the price of diesel is high and the capital cost of the turbines is low. This 
is a result of the poor wind resource in Ambler compared to the other 
two communities.
 Although hybrid systems with photovoltaics are not included in 
any of the optimal systems, they could still provide reductions in the 
electricity rate for Ambler. According to the simulation results, the COE 
for solar hybrid systems ranges from $0.311/kWh to $0.883/kWh. Like 
the wind-diesel systems, the COE for some of these systems also falls 
below the current electricity rate for Ambler.
 Solar hybrid systems become part of the optimal system if REF 
constraints are imposed on the electric profile. The optimal system for 
REFs ranging from 0% to 20% and wind turbine capital costs ranging 
from $4,000 to $15,000 per kW of installed capacity are shown in Figure 
11. The figure indicates the optimal systems for a fixed diesel price of 
$3.75/gal, the current cost of fuel for Ambler. As shown in the figure, 
wind-PV-diesel-battery systems and PV-diesel systems are the optimal 
system for high REF constraints and high wind turbine capital costs. 
It should be noted that solar hybrid systems make a larger contribu-
tion in this community than in the other two. Again, this is a result of 
the poor wind resource in Ambler compared to Mountain Village and 
Deering. As a result, solar systems may be more economically feasible 
than wind systems for Ambler, especially when the cost of the wind 
turbines is high.
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 The LCOE as a function of the percent reduction in CO2 emissions 
from electricity generation is shown in Figure 12. Unlike the other two 
communities, the COE increases with the percent reduction in CO2 emis-
sions for all systems. The optimal system in terms of the COE is a system 
with a REF of zero and therefore no reduction in CO2 emissions.

Figure 12: COE as a function of reduction in CO2 emissions

SUMMARY AND CONCLUSIONS

 In order to evaluate the feasibility of distributed generation sys-
tems for Mountain Village, Deering, and Ambler, HOMER software was 
used to model these systems. For Mountain Village and Deering, wind-
diesel-battery systems are the optimal system for current diesel fuel 
prices, depending on the capital cost of the wind turbines. The levelized 
cost of electricity for these hybrid systems ranges from $0.210/kWh to 
$0.232/kWh for Mountain Village and from $0.288/kWh to $0.305/kWh 
for Deering. These ranges are well below the standard electricity prices 
for each of these communities.
 The sensitivity analysis results indicate that the optimal system for 
Mountain Village is a wind-diesel-battery system for almost the entire 
range of diesel fuel prices and wind turbine capital costs that were con-
sidered. For Deering, when the diesel price is high (above about $2.3/L), 
a wind-diesel-battery system is the optimal system. When the diesel 
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price is low, this hybrid system is only the optimal system for relatively 
low wind turbine capital costs. Solar systems could also be economically 
feasible for both Mountain Village and Deering, but they are not part of 
the optimal system unless a REF constraint is imposed on the electric 
profile. Unlike Mountain Village and Deering, a wind-diesel-battery sys-
tem is not the optimal system for Ambler. For this community, a diesel 
system with heat recovery is the optimal system for almost the entire 
range of diesel fuel prices and wind turbine capital costs that were con-
sidered in the sensitivity analysis. However, it should be noted that al-
though a wind-diesel system is not the optimal system for Ambler, this 
type of system could still be economically feasible for this community. 
This is also true for systems with photovoltaics.
 The range of COE results supports the findings from previous stud-
ies that have shown that the economic feasibility of wind-diesel systems 
is extremely site-specific. The hybrid systems for Mountain Village have 
a lower COE than those for Deering. It is the wind resource that has the 
largest effect on this result, since Mountain Village has a significantly 
better wind resource than Deering. The wind resource also has an effect 
on the optimal system for Ambler. This community has the worst wind 
resource; as a result, a wind-diesel system is not the optimal system. Ad-
ditionally, solar hybrid systems may be more economically feasible than 
wind systems for Ambler, especially when the cost of the wind turbines 
is high.
 Overall, the results from this assessment indicate that hybrid wind-
diesel systems may be an economically beneficial option for rural Alas-
kan communities with an abundant wind resource. However, it should 
be noted that these results are based on simulated electricity and heating 
demand data since real hourly demand data were not available for any 
of the communities. The electricity and heating demand have a signifi-
cant impact on the optimization, and any changes in the demand may 
alter the HOMER results for the optimal system type and the levelized 
cost of energy for each system. As a result, a more detailed analysis with 
real hourly electricity and heating demand data should be completed 
in order to more accurately evaluate the economic feasibility of these 
hybrid systems. Additionally, more research is needed to determine the 
impact that the PCE program may have on communities that develop 
these systems. Despite the issues surrounding the PCE subsidy, wind 
systems continue to be an attractive option for remote communities due 
to their potential to lower electricity rates and provide significant envi-
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ronmental benefits, such as reductions in diesel fuel use and CO2 emis-
sions. In some cases, these benefits may be achieved without an increase 
in the cost of energy.
 For further investigation: An enhanced DG approach for this Alas-
kan communities could result from the evaluation of hybrid systems 
(wind or PV generators) in conjunction with cogeneration or combined 
heat and power (CHP) diesel generators, where in addition to power 
generation from diesel, engine and exhaust waste heat is recovered for 
water and housing heating.
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