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Summary of 2015 Leelanau Township Renewable Energy Study 

● Community members are generally open to the idea of increasing renewable energy in 

Northport and Leelanau Township. 

● The gains from energy-efficiency measures will likely be modest in the overall scheme of 

moving to 100% renewable energy, but can help to put energy use on a downward trend. 

● Leelanau Township has sufficient wind and solar energy to supply the totality of its 

electricity consumption. The 100% goal could be met by deploying several large scale 

systems. 

● Developed three scenarios to achieve 100% renewable energy and assessed their 

average costs. In rapid scenario, where the goal will be achieved by 2030, the cost per 

megawatt hour is the lowest, at $146.93.



Over 100 Communities have 100% RE Commitments 



Objectives

● Predict the Leelanau County electricity demand by 2040 

● Identify the renewable energy opportunities to meet the predicted demand 

● Assess the impact of Battery storage and electric vehicles in the county 

● Compare the financial investment and benefits of building all this solar, wind 

energy



Study Objectives 



Where is the resource located?



Wind Power Density Overview

Objective 1: Map + Renewable Energy Potential

Wind Power Class Land Area (%)

1 47.1%

2 34.7%

3 18.2%



WPD Seasonal Variation

Abundant in winter (November to 
February) 

Too low to be economically viable in 
summer (May to August)

Objective 1: Map + Renewable Energy Potential



Solar Resources Overview

Overall a narrow range of solar energy resource across county. 

 

Objective 1: Map + Renewable Energy Potential

3.75 – 3.80 

3.81 – 3.90 

3.91 – 4.0



Solar Resources Seasonal Variation

Abundant in summer (April to 
August) 

Not economically viable in winter 
(November to February)

Objective 1: Map + Renewable Energy Potential



Is that area feasible to build on?



Identifying the potential available land areas

Objective 1: Map + Renewable Energy Potential



Criteria and Data Source for Wind Farm Suitability Modeling

Objective 1: Map + Renewable Energy Potential



Suitable Areas for Wind Turbines and Solar PV

●Total available area for wind turbines: 92.84 km2  (22,094 acres)  

●Total available area for solar PV: 213.4 km2 (52,732 acres) 

Objective 1: Map + Renewable Energy Potential

SuitabilitySuitability

Wind Suitability Solar Suitability



How much energy do we need?



●Total consumption in 2018 was 145.75 GWh (145 million kWh per year) 
●In January, electricity usage was the highest, at 16.56 GWh (16.56 million kWh) 

2018 Electricity Demand Profile in Leelanau County

Objective 2: Energy Storage



Electricity Demand Profile in Leelanau County

●Peak load: 32 MW;     Base load: 8 MW;      Average load: ~20 MW 

Objective 2: Energy Storage



Electricity Demand Profile in Leelanau County

●Daily peak electricity use: 550 MWh (550,000 kWh)

Objective 2: Energy Storage



Demand Projections
● 2018 Countywide electricity use data provided by Consumers Energy and 

Cherryland Electric Cooperative 
● Base Case Scenario: Projections proportional to County Population 
● EV Adoption Scenario: Base Case Scenario w/ 40 percent fleet replacement 
● AEO 2018 Scenario: Growth in County demand is proportional to the growth 

in annual US-wide demand (based on Annual Energy Outlook 2018)

Objective 2: Energy Storage



Model: Renewable Generation and Energy Storage Sizing 

Objective 2: Energy Storage

1. Renewable 
generation meets 
demand

2. Surplus generation 
charges the battery

3. Excess 
generation is sold 
to the grid

4. In case of generation 
deficit, power is bought from 
grid to meet demand



Results: 13*3.4MW wind turbines, 100 MWh battery, 27 MW solar PV 

Objective 4: 100% RE Plan



Methods: Parameters for Decision-Making

● Demand Met: Percentage of hours that the demand is met by the renewable 
energy system 

● Energy Sold to the Grid: Surplus renewable generation sold to the grid 
● Energy Bought from the Grid: Demand(kWh) unmet by the renewable energy 

system 
● Estimated LCOE: Cost of Electricity ($/kWh) 

Objective 4: 100% RE Plan



How did we decide how much to build?



We look at the demand



Compare the solar and wind generation





Keep adding the generation  to meet the demand















Objective 4: 100% RE Plan

91.2% Demand met, 74.81 GWh (74.81 million kWh) sold, 12.2 GWh (12.2 million kWh) 
bought, total land occupied=17 km^2 (4200 acres out of 222000 acres of County)



Objective 4: 100% RE Plan

Variation of demand met with battery capacity (kWh) and number of 
3.4 MW wind turbines [solar PV= 0 MW]
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Objective 4: 100% RE Plan
Variation of energy sold to the grid (kWh) with variation in 

battery capacity (kWh) and number of 3.4 MW turbines [solar 
PV=0 MW]
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Objective 4: 100% RE Plan

Variation of energy bought from the grid (kWh) with variation in 
number of wind turbines and battery capacity (kWh) [solar 

PV=0 MW]
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Objective 4: 100% RE Plan

Variation in demand met with variation in installed solar PV capacity and battery capacity 
[number of turbines=10]
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Objective 4: 100% RE Plan

Variation of energy sold to the grid with variation in installed solar capacity and 
battery capacity [number of turbines=10]
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Objective 4: 100% RE Plan

Variation of energy bought from the grid with variation in installed solar PV 
capacity and battery capacity [number of turbines=10]
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What does this mean for you?

● Current County Population = 21764 

● Per Capita electricity consumption = 6662 kWh/year 

● Average Energy Expenditure for the entire County ≅ $14.5 Million/year 

Would you choose to implement a renewable energy system to save on your 

utility bills?

https://datausa.io/profile/geo/leelanau-county-mi/



Highlights 

● The projected annual demand for 2040 is 153.42 GWh in the base case 
scenario, 155.36 GWh in the EV adoption scenario 

● The County has 92.84 km2 (22094 acres) available land area for total 
windfarm development and 213.4 km2 (52732 acres) available land area for 
solar PV deployment 

● Potential to generate 209.76 GWh/year from solar PV and 1960.23 GWh/year 
from wind turbines if all the available land is developed 

● There is potential to reduce land use for generation significantly through 
rooftop solar PV 

● Excess generation from the installed renewable capacity can be 5-6 times 
larger than the annual energy demand and investment in capacity building 
requires setting constraints on the excess generation



Shortcomings

● Demand projections are tied to county population in base case scenario 
● Presence of multiple variables makes system optimization difficult 
● Potential for energy arbitrage is neglected 
● Aging and proximity of transmission infrastructure have not been modelled 

into the system assumptions 
● Rooftop solar and onsite wind turbines have not been accounted for as an 

additional source of energy generation



Future Work

● Creation of a decision support tool to evaluate combinations of Solar PV and 
Wind Farm deployment 

● Potential demand reduction due to onsite generation needs to be accounted 
for 

● Potential for Demand response and energy arbitrage needs to be evaluated
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Appendix



System Assumptions 

● Out of the total land utilized for a solar farm installation, 75 percent is covered with 
solar panels 

● Land area per wind turbine is 0.621 km2 and land area per MW for solar is 0.4 
km2 

● The system starts operating on January 1, 2040 at midnight. 
● Energy Storage System starts with zero state of charge 
● Any surplus generation can be sold to the grid and any deficit can be met 

from the grid 
● Electricity is not purchased from the grid for energy arbitrage 
● Every RE installation is assumed to be located close to transmission lines 

and there is no requirement of infrastructure upgrades 
● Base Case Assumption: Annual energy demand is proportional to the annual 

county population;Low Demand Assumption: Based on US-wide growth rate 
in Annual Energy Outlook 2018

Objective 2: Energy Storage



EV Demand Projections

● EV penetration assumed to cap at 40%  
● Additional demand from EV charging is superimposed on the Base Case 

Projections 
● EV Demand varies over the week but the trend is assumed to be constant 

over the span of the year

Objective 3: EV Adoption Scenario



Rate for Grid Electricity 0.1 $/kWh County average [current]

Installed Cost of SPV 1060000 $/MW [NREL Solar Industry Benchmark 2018]

Installed Cost of WT 1590000 $/MW [NREL Cost of Wind 2016]

Installed Cost of Battery 273 $/kWh [Lazard projections]

O&M Cost of SPV 28000 $/MW-yr [NREL Solar Industry Benchmark 2018]

O&M Cost of WT 52000 $/MW-yr [NREL Cost of Wind 2016]

O&M Cost of Battery 0.0273 $/kWh-yr [Lazard projections]

Modelling Financial Constraints 
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