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Abstract. Clean hydrogen can be produced by linking wind 

energy to water electrolyzers. However, the main challenge is 

the fluctuation in wind power due to varying wind speeds. This 

can be overcome by connecting the system to the grid. The 

integration should consider different factors while being 

implemented. This paper investigates scheduling methods for 

hydrogen production with alkaline electrolyzers powered by 

wind energy and grid connectivity. Interior-Point optimization 

(IP) is used for a scheduling strategy that maximizes revenue 

and is compared with a rule base scheduling strategy. Operation 

in several Canadian regions are examined, with a particular 

focus on Newfoundland and Labrador. The aim is to assess the 

performance, efficiency, and economic feasibility of diverse 

energy management strategies. By analyzing the predicted 

LCOH, hydrogen output, and grid power exchange, the research 

provides new insights into scheduling approaches for large-

scale hydrogen generation from large quantities of intermittent 

wind resources. Key findings predict Placentia, NL, to have the 

lowest LCOH of CAD 3.3/kg and Nicolet, QC, to have the 

highest LCOH (CAD 14.8 to 16.1/kg). Both scheduling 

strategies produced a similar LCOH for locations with high 

average wind speeds. However, the IP optimization method 

resulted in a significantly lower LCOH for locations with low 

average wind speeds. These insights highlight the importance 

of tailored scheduling strategies to optimize hydrogen 

production and promote sustainable energy solutions in various 

geographic contexts. 

Keywords; Alkaline electrolyser, IP optimization, scheduling 

methods, wind-hydrogen system, clean hydrogen production. 

I.  INTRODUCTION 

Many countries are heavily investing in the development of 
clean hydrogen production for achieving decarbonization and 
carbon neutrality goals [1]. Alkaline electrolyzers, known for 
their cost-effectiveness in large-scale hydrogen production, have 
obstacles when powered by variable renewable energy sources 
such as wind and solar. These challenges include shortened 
electrolyzer lifespan, reduced hydrogen production efficiency, 
and potential safety hazards [2, 3]. Optimizing control strategies 

for electrolyzers presents an effective approach to mitigating 
these challenges and has is a major area of research [4]. 
Numerous studies have investigated the feasibility of wind 
hydrogen systems. Messaoudi et al. [5] used a GIS-based 
approach to evaluate Algeria's wind to hydrogen potential, and 
demonstrated significant variability in LCOH depending on 
location and turbine selection. Similarly, research in Argentina 
examined optimizing wind farm design and infrastructure to 
reduce LCOH, noting that dispatch constraints impact both 
LCOH and hydrogen production [6]. A study in Port au Port, 
Newfoundland and Labrador, optimized the system for cost-
effective wind hydrogen production. The study highlighted the 
significant impact of storage strategies on the LCOH [7]. 
Karayel and Dincer also assessed Canada's onshore wind 
hydrogen potential, estimating the capacity with notable 
contributions from Newfoundland and Labrador [8]. Alkaline, 
proton exchange membrane, and solid oxide electrolyzers are the 
primary options, with alkaline electrolyzers currently exhibiting 
robustness, cost-effectiveness, and suitability for large-scale 
hydrogen production despite their slower response time 
compared to PEM electrolyzers [9, 10].  

The efficiency of alkaline electrolyzers is critical for their 
performance and economic viability in hydrogen production. 
They typically achieve 50-60% voltage efficiency and high 
Faraday efficiency, which are influenced by parameters such as 
current density and temperature [3, 11]. By managing these 
factors, alkaline electrolyzers can maintain high efficiency, 
enabling feasible hydrogen generation by minimizing energy 
loss and costs [3]. Several studies have investigated control 
strategies to optimize the operation of electrolyzers when 
coupled with renewable energy. Bhandari et al. [12] developed 
a fuzzy logic control for a grid connected wind hydrogen system, 
which improved power management and utilization of 
renewable energy. Liang et al. [13] introduced a Pelican 
Optimization Algorithm-based scheduling approach for a large-
scale, off-grid wind-hydrogen system with multiple storage 
tanks and alkaline electrolyzers, aiming to maximize hydrogen 
output, minimize costs, and extend electrolyzer lifespan. 
Mikovits et al. [14] used a generation scheduling model in 
Sweden to study the impact of thermal power on electrolyzer 
under various weather conditions. Hossain et al. [15] employed 
a delayed switching strategy to reduce the number of start/stop 



   

cycles for the electrolyzers, though its reliance on specific wind 
data may limit broader applicability. Other researchers focused 
on different control methods, including the integration of 
supercapacitors [16], segmented startup strategies [16, 17], equal 
force allocation and rotation strategies [18], and artificial bee 
colony algorithms [19]. 

The Interior-Point Algorithm (IP) is a robust and efficient 
optimization method widely used for solving large-scale 
nonlinear problems with constraints. Unlike traditional methods 
that adhere to the boundaries of feasible regions, this approach 
navigates through the interior of these regions, employing a 
barrier function to ensure constraint satisfaction and avoid 
boundary violations [20]. By iteratively updating the solution 
within these confines, the algorithm converges toward an 
optimal solution from within the feasible area. In applications 
involving nonlinear optimization problems, such as engineering 
design, resource allocation, and control systems, the IP 
Algorithm showcases its strength in handling complex 
constraints and high-dimensional data. Its ability to efficiently 
manage both equality and inequality constraints makes it highly 
suitable for practical engineering applications where stringent 
constraints often define feasible solutions [21, 22]. The 
algorithm’s robustness, scalability, and adaptability to various 
problem contexts underscore its significant role in modern 
nonlinear optimization [23]. 

This study compares two scheduling methodologies for an 
on-grid, onshore alkaline electrolyzer wind-to-hydrogen system 
in various Canadian regions, with a focus on Newfoundland and 
Labrador. The goal of this research is to assess various energy 
management strategies to improve the performance, efficiency, 
and economic viability of an integrated wind-to-hydrogen 
production system. By analyzing the LCOH, hydrogen 
production, and grid power exchange, the study investigates 
effective scheduling methods for large-scale, continuous 
hydrogen generation from intermittent wind power, adapted to 
the specific geographic and environmental conditions of the 
regions. 

II. METHODOLOGY 

This paper focuses on four locations in Newfoundland - 
Stephenville, Placentia, Winterland, and Lewisporte - selected 
due to their strong wind resources, as they were identified for 
wind-hydrogen projects by the Government of Newfoundland in 
2023 [24]. These locations were compared to two additional sites 
in Canada: Nicolet, Quebec, and Lethbridge, Alberta. The 
analysis utilized hourly wind data from 2024, provided by the 
Candaian Environment and Natural Resources Department [25]. 
The turbine power (PTurbine) is calculated using Equation (1), 
which considers the air density (ρ), power coefficient (Cp), and 
wind speed at the turbine height (Vwind). Furthermore, the swept 
area of the wind turbine blades, which involves the blade 
diameter (Bd). Wind turbine power output (Pg) is calculated 
based on operational parameters. The turbine operates between 
the cut-in wind speed (Ct-in) and cut-out wind speed (Ct-out), 
reaching rated capacity (Pt-rated) at wind speeds between the rated 
speed (vrated) and the cut-out speed (Ct-out), as presented in 
Equation (2). 
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  (2) 

The electrolyzers have specific operational requirements, 
such as a minimum power threshold, to prevent the formation of 
explosive gas mixtures. Ensuring proper monitoring and control 
of operational and safety parameters is important for the long-
term reliability and safe operation of alkaline electrolyzers [26]. 
For this study, a 60 MW wind power project with 10 turbines is 
selected, with a hydrogen production capacity to wind turbine 
capacity ratio of 1 : 0.75. This corresponds to 5 alkaline 
electrolyzers, 4 with a rated power of 10 MW each and one with 
a rated power of 5 MW, totaling 45 MW of rated power. The  
electrolyzers are assumed to have a system efficiency of 60% 
[27].   

 This study examines two energy management approaches 
for a wind-to-hydrogen system. Both strategies ensure 
continuous operation for the electrolyzers within the safety range 
of Pmin and Prated. Strategy 1 is rule based, it starts by distributing 
the turbine power to the first electrolyzer until it reaches Prated, 
then moves on to the next one until the turbine power is fully 
utilized. If the power is insufficient to run all electrolyzers, the 
grid supplies additional power to ensure the remaining 
electrolyzers operate at Pmin. Strategy 2 optimizes revenue from 
hydrogen production using the IP optimization algorithm. This 
method can distribute power to the electrolyzers either in parallel 
or in series, ensuring that turbine power is first utilized to run all 
electrolyzers at Pmin. Additional power is then drawn from the 
grid as long as it maximizes revenue. 

The objective of the IP optimization is to maximize hourly 
revenue (C), as defined in Equation (3). This is achieved by 
calculating the difference between revenue and costs. The 
revenue is determined by the hydrogen price (CH2= 14.7 
CAD/kg), the inverse of power consumed per unit of hydrogen 
(qH2= 0.05 MW/kg), and the sum of power consumed by each 
electrolyzer (Pi) over a time interval Δt. The costs include a start-
up cost (Con) of 100 CAD and an operating cost (Cm) of 3.88 
CAD/MW [13]. Equation (4) introduces the constraints, ensuring 
that generated wind power (Pg) equals the sum of power 
consumed by the electrolyzers and power sold to the grid (PSold). 
Furthermore, electrolyzer operation is constrained between a 
minimum power (Pmin) and a rated power (Prated), where Pmin is 
defined as 10% of Prated. 
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𝐶𝐻2
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𝑃g = ∑  𝑛
𝑖=1 𝑃𝑖 + 𝑃Sold

  (4) 

The LCOH, Equation (5), is an important metric for 
assessing the economic feasibility of a wind hydrogen system. 
The cost of grid power is assumed to be 90 CAD per megawatt-
hour, while the selling price of grid power is set at 50 CAD per 
megawatt-hour [7, 13]. To compute the LCOH, the annual cost 



   

and yearly hydrogen production are considered. The annual cost 
includes the total annualized capital expenditures and 
operational and maintenance costs, which are assumed to be 2% 
of the total capital expenditures [28]. The capital recovery factor 
(crf) is calculated in Equation (6), where the discount rate (r) is 
7%, and the technology's lifetime (Ti) is 20 years [7, 13]. 

𝐿𝐶𝑂𝐻 =
Annual cost

Yearly H2 production 
 (5) 

crf =
𝑟×(1+𝑟)𝑇𝑖

(1+𝑟)𝑇𝑖−1
  (6) 

III. RESULTS AND DISCUSSION 

This section presents an analysis of 2024 wind speed data 
across six locations and the associated hydrogen production 
effectiveness with the scheduling methodologies. The LCOH, 
hydrogen production, and power exchange with the grid are 
investigated to highlight the effect of different wind resources 
on the effectiveness of the scheduling methodologies. The 
analysis of hourly wind speeds for 2024, as illustrated in Figure 
1, has significant variability across the six studied locations. In 
Placentia, NL, wind speeds exceed 7 m/s approximately 63% of 
the time, which is notably higher than in Nicolet, QC, where this 
threshold is surpassed only 6% of the time. Winterland, NL, and 
Stephenville, NL, exhibit similar wind speed distributions, with 
wind speeds above 7 m/s occurring 35% of the time, while in 
Lewisporte, NL, this occurs 43% of the time. In Lethbridge, AB, 
wind speeds surpass 7 m/s 25% of the time, situating it between 
Newfoundland and Nicolet, QC in terms of wind resource 
availability. 

The wind speed variations directly impact the LCOH. As 
illustrated in Figure 2, in Newfoundland, the predicted LCOH 
ranges from CAD 3.3 to 6.1 per kg, with Placentia predicted to 
be the lowest LCOH. The differences in LCOH between the rule 
base and the IP methods are minimal for the Newfoundland 
locations, with the IP method predicted to be only CAD 0.1/kg 
less expensive. However, for locations outside Newfoundland, 
the LCOH rises to CAD 7.6/kg in Lethbridge, AB, and CAD 
14.8/kg in Nicolet, QC. The efficiency advantage of the IP 
method is more pronounced in locations with lower wind speeds. 
In Nicolet, the predicted LCOH increases from CAD 14.8 to 
16.1 per kg when switching from the IP method to the rule base 
method. Similarly, in Lethbridge, AB, the predicted LCOH 
changes from CAD 7.6 to 8.1 per kg for the rule base method. 
These values align with a previous study conducted in 
Stephenville, NL, for a larger project, reporting an LCOH 
between 4.8 and 6.78 CAD/kg [7]. Similarly, the LCOH for 56 
onshore locations globally, with wind speeds ranging from 2-8 
m/s, reported an LCOH range of 2.11 to 14 CAD/kg [29]. 

Figure 3 illustrates the impact of location on hydrogen 
production. Placentia is predicted to produce approximately 4.7 

million kg of hydrogen annually, while Nicolet, QC, can only 
produce 1.3 million kg for the same project scale. The other 
locations' predicted production levels vary based on their wind 
speed potential. The IP method generates more hydrogen in all 
locations, with an increase of 1% to 4% in Newfoundland and 
5% in Lethbridge. In Nicolet, the production increase reaches 
10%. The power exchange between the system and the grid, 
illustrated in Figure 4, shows positive values indicating power 
supply from wind turbines to the grid and negative values 
indicating power transfer from the grid to the electrolyzers. 
Placentia, NL, has the highest predicted, supplying 
approximately 47 GW annually to the grid while consuming 
only 13 GW. In contrast, Nicolet, QC, supplies only 1 GW to the 
grid while consuming 33 GW annually. Lewisporte, NL, 
supplies around 4.5 GW more to the grid than it consumes 
annually. Placentia and Winterland, NL, consume 2 - 3 GW 
more than they supply to the grid. Finally, Lethbridge, AB, 
consumes around 20 GW while supplying 14 GW. The results 
will vary significantly if the hydrogen production capacity to 
wind turbine capacity ratio of 1 : 0.75 is altered. For instance, a 
ratio of 1 : 1 implies that the hydrogen electrolyzers will have 
the same rated power as the wind turbines. Consequently, due to 
the variability in wind power, the system will draw more power 
from the grid, which may be feasible for locations such as 
Placentia, NL. However, for locations similar to Nicolet, QC, a 
ratio of 1 : 0.5 or lower should be considered. This lower ratio 
would ensure that the electrolyzers have a lower rated power, 
allowing them to operate sufficiently even when wind power is 
low. It is recommended that further analysis be conducted to 
investigate the impact of this ratio more comprehensively. 

 

Figure 1: Exceeding percent for wind speed at different locations in 

Canada at 125 m hub high 



   

Figure 2: LCOH for different locations in Canada, (Pink) IP method, (Orange) rule-base method 

 

 
Figure 3: Hydrogen production comparison using rule-base and IP 

method for different locations in Canada 

 

 

Figure 4: Comparison of grid power exchange for different locations in 

Canada, (L1) Stephenville, NL, (L2) Placentia, NL, (L3) Winterland, 

NL, (L4) Nicolet, QC, (L5) Lewisporte, NL, (L6) Lethbridge, AB 
 

IV. CONCLUSION 

Producing green hydrogen by harnessing wind energy 
through water electrolyzers presents a promising solution. 
Nonetheless, the variability in wind power caused by changing 
wind speeds poses a significant challenge. This issue can be 
mitigated by integrating the system with the grid, which must 
account for various factors during implementation. This study 
compared two scheduling methodologies for an on-grid, onshore 
alkaline electrolyzer wind-hydrogen system in various Canadian 
regions, focusing on Newfoundland and Labrador. The primary 
objective was to assess the performance, efficiency, and 
economic feasibility of energy management strategies. 

Key results showed significant variability in wind resources, 
impacting the predicted LCOH, hydrogen production, and 
power exchange. In Placentia, NL, wind speeds exceeded 7 m/s 
63% of the time, resulting in an LCOH of CAD 3.3/kg. In 
contrast, Nicolet, QC had wind speeds above 7 m/s only 6% of 
the time, with an LCOH of CAD 14.8 to 16.1/kg. Hydrogen 
production in Placentia was approximately 4.7 million kg 
annually, compared to 1.3 million kg in Nicolet. Placentia also 
supplied 47 GW to the grid while consuming 13 GW, whereas 
Nicolet supplied 1 GW and consumed 33 GW. The rest of the 
locations yielded values in between Placentia and Nicolet, 
depending on their average wind speed. At locations with high 
wind speed, both the rule base and IP methods yielded a similar 
LCOH, while for locations with lower wind speed, there was a 
significant improvement in reducing the LCOH using the IP 
method. 

This research contributes to better scheduling methodologies 
for large-scale, continuous hydrogen generation from renewable 
wind resources. By highlighting the importance of site-specific 
assessments, this study provides valuable insights for enhancing 
the efficiency and economic viability of wind-hydrogen 
systems. 
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