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Renewable resource comparison 
Mongolia versus selected Australian locations 

Overview 

This report compares the relative performance of Elixir’s proposed renewable energy project 
combining wind and solar power generation in Mongolia with locations in Western Australia.  Our 
analysis, using publicly available information, indicates the combined wind and solar resources in 
the Gobi Desert are generally superior to the Pilbara, Southern Goldfields and Mid-West regions of 
WA, primarily due to higher wind speeds and a wind speed profile that better complements daylight 
solar generation.  We estimate a combined wind and solar utilization of ~79% for the Nomgon 
project location in Mongolia, compared with ~50-60% for the Southern Goldfields, ~40-45% for the 
Pilbara and ~53% for the Mid-West.  Lower annual average temperatures in the Gobi Desert and 
the cooling effect of higher average windspeeds help offset to some extent the poorer solar 
resources, reducing cell temperatures and increasing cell efficiencies.  The cooler air temperatures 
also help to partly offset the lower air density arising from the higher project elevation in Mongolia.   

Key points 

 
 
n.b. the above analysis is based on a common solar array area of 100 Ha and nominal wind capacity 
of 100 MW for all locations.  The electrolyzer capacity is set by the average combined solar and wind 
capacity relative to the peak for each location.  Economic optimization of the relative size of the 
wind and solar resource components may result in different combined utilizations. 
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1. Modelling methodology 

We have modelled the power generation from wind and solar resources for Elixir’s proposed wind and 

solar project in the Gobi Desert in Mongolia as well as the Pilbara, southern goldfields and Mid-West 

regions of Western Australia.  Our modelling approach is summarized as follows. 

1. Wind speed, solar irradiance and air temperature profiles by hour of day for each month were 

sourced from publicly available information (US National Renewable Energy Laboratory1).  These 

data have been cross-checked with Australia Bureau of Meteorology data where possible. 

2. Comparisons were based on an installed nominal wind power capacity of 100 MW and solar array 

area of 100 Ha. 

3. Wind speeds were estimated for each hour for each month for estimated turbine hub heights (112 

m) and solar panel heights (~3 m) based on meteorology station wind speed data (assumed to be 

~10 m). 

4. Ambient temperature was estimated for each hour for each month based on NREL data.  This was 

checked against hourly profiles for each month based on monthly average maxima and minima 

from BOM data using double-cosine temperature profile models with the timing of maxima and 

minima linked to sunrise and sunset times.  Good agreement was generally observed. 

5. Air density was estimated for each hour for each month based on site elevation and hourly 

temperature profiles using the ideal gas equation.  No adjustment was made for humidity. 

6. Wind power density was estimated for each hour for each month (WPD = 0.5 * density * wind 

speed^3). 

7. The wind turbine power coefficient was estimated as a function of wind speed, from cut-in speed 

to cut-out speed based on published wind turbine performance data for the assumed Vestas 136-

4.2 turbine.  The power coefficient was assumed to increase linearly from cut-in speed to nominal 

power speed in the absence of detailed power coefficient information. 

8. Wind power generation was estimated for each hour for each month using WPD, power 

coefficient and total swept area.  Wind power was adjusted for reduction in efficiency at high 

ambient air temperatures (above 30 deg C). 

9. Wind power available for sale (for green hydrogen production or offtake) was calculated after 

making allowance for typical generation losses (auxiliary power consumption 3% and forced 

outage rate 3%) estimated from public information2. 

10. Solar irradiation information for each hour for each month was obtained from NREL modelling 

assuming a fixed array inclined to the horizontal at an angle equal to the site latitude. 

11. Solar cell temperatures were estimated based on solar irradiation, ambient air temperature and 

wind speed at array height for each hour for each month. 

 
1 US National Renewable Energy Laboratory, “PV Watts Calculator” estimates the energy production and cost of 
energy of grid-connected photovoltaic (PV) energy systems throughout the world.  This resource provides access 
to hourly temperature, wind speed and solar resource information for each day of the year, enabling hourly 
temperature profiles to be generated for each month. 
2 "AEMO 2019 Costs and Technical Parameter Review - Rev 2", Aurecon, 10 Dec 2019, p 15 
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12. Cell efficiencies were adjusted for cell temperature for each hour for each month. 

13. Solar power generation was estimated based on solar irradiation, cell efficiency (adjusted for cell 

temperature) and for each hour for each month.  The peak DC generation was determined for 

each month to determine the installed capacity.  The DC generation was adjusted for conversion 

losses to determine the AC power available for sales or offtake. 

14. Wind power and solar power output could be directed to hydrogen production or grid offtake.  

The precedence of wind power or solar power to produce hydrogen was selectable by the user.  

This does not change the total power generated, just the disposition of the production. 

15. Wind, solar and combined wind & solar power utilization (i.e. average production / peak 
production) were estimated for each month. 

16. The electrolyzer capacity for hydrogen production was based on the ratio of the annual average 

of the combined solar and wind generation relative of the peak solar and wind generation for each 

location to avoid over or under-investing in electrolyzer capacity.  (One recent study, evaluating 

only solar power supply to electrolyzers, set the ratio at a fixed 1/1.5 (i.e. 67%)3). 

17. Wind and solar power supplied to the electrolyzer up to the electrolyzer capacity limit for each 

hour for each month, with surplus wind and or solar power directed to grid sales. 

18. Wind and solar power production and disposition (i.e. electrolyzer vs grid sales) were plotted for 

each hour for each month and annual average to enable inspection of trends or outliers. 

19. Ambient temperature, wind speed, wind power generation, solar irradiance, cell temperature and 

solar power generation profiles were plotted for each hour for each month. 

20. Key statistics were tabulated for each project to enable comparison of project performance. 

 

Figure 1    Estimated wind power coefficient and wind turbine power curves 

  

 
3 Source: Jonathon Yates, Rahman Daiyan, Robert Patterson, Renate Egan, Rose Amal, Anita Ho-Baille, Nathan L. 
Chang, "Techno-economic Analysis of Hydrogen Electrolysis from Off-Grid Stand-Alone Photovoltaics 
Incorporating Uncertainty Analysis", Cell Reports Physical Science 1, 100,209, October 21, 2020 
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2. Nomgon IX PSC Project 

We were not able to locate reliable solar information by hour and month for the Nomgon IX PSC area.  

We used NREL data for Ulaanbaatar, which was the nearest location with suitable solar data.  We were 

able to locate wind data by hour and month for Dalanzadgad, located within or close to the PSC area.  

These graphical data were digitized.  Key results are shown below. 

Figure 2    Nomgon IX estimated profiles 

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height 
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Figure 3   Nomgon-IX PSC power generation 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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3. Pilbara location 

We based our estimates on BOM and NREL information for Port Hedland and Broome.  The wind speed 
data suggest the Pilbara is not a particularly suitable location for wind generation (low windspeed 
during nighttime), however, individual sites may have different characteristics. 

Figure 4    Pilbara estimated profiles: Port Hedland 

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height.  
Daily gross power profile is DC power from solar PV. 
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Figure 5   Pilbara power generation: Port Hedland 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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The data for Broome are similar to Port Hedland. 

Figure 6    Pilbara estimated profiles: Broome 

  

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height. 
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Figure 7   Pilbara power generation: Broome 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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4. Southern Goldfields location 

We based our estimates on BOM and NREL information for Esperance, Kalgoorlie and Forrest. 

Figure 8    Southern Goldfields estimated profiles: Esperance 

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height. 
Daily gross power profile is DC power from solar PV. 
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Figure 9   Southern Goldfields power generation: Esperance 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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The data indicate significant differences in wind and solar resources across the project area. 

Figure 10    Southern Goldfields estimated profiles: Kalgoorlie 

  

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height 
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Figure 11   Southern Goldfields power generation: Kalgoorlie 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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Figure 12    Southern Goldfields estimated profiles: Forrest 

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height 
Daily gross power profile is DC power from solar PV. 
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Figure 13   Southern Goldfields power generation: Forrest 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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5. Mid-West location 

We based our estimates on BOM and NREL information for Geraldton. 

Figure 14    Mid-West estimated profiles: Geraldton 

  

  

  

  
Notes: Wind speed at anemometer reference height (not turbine hub height).  Wind power density at turbine hub height. 
Daily gross power profile is DC power from solar PV. 
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Figure 15   Mid-West power generation: Geraldton 

 

 

 

 

Notes: Gross AC power generated is solar PV power, before time-based performance degradation 
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6. Forecast power profiles 

Annual average daily average power profiles for all projects are shown below.  These profiles assume 
all power is sold (nil to electrolyzer) for simplicity of presentation.  

Figure 16    Annual average forecast power profiles (aka “Total”) 

Nomgon-IX 

 

 

Port Hedland 

 

Broome 

 
Esperance 

 

Kalgoorlie 

 
Forrest 

 

Geraldton 

 
Notes: all projects assume 100 Ha of solar PV array area and 100 MW nominal wind generation capacity 
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7. Appendices 

7.1 Mongolia location map 
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7.2 Wind speed data for Manlai, Mongolia 

 

Source: D Elliott, M Schwartz, G Scott, S Haymes, D Heimiller, R George, " Wind Energy Resource Atlas of Mongolia", 
National Renewable Energy Laboratory, 2001. Manlai site summary, Umnugovi province, Mongolia, page 168 
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7.3 Solar resource data for Mongolia 

n.b. provided for illustration, but not used in this analysis (NREL data used instead) 
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Source: Amarbayar Adiyabat, Kosuke Kurokawa, Kenji Otani, Namjil Enebish, Garmaa Batsukh, Mishiglunden Battushig, 
Dorjsuren Ochirvaani and Bathuu Ganbat,  
"Evaluation of Solar Energy Potential and PV Module Performance in the Gobi Desert of Mongolia", Prog. Photovolt: Res. 
Appl. 2006; 14:553–567 
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Source: Tumenjargal Makhbala*, Sukruedee Sukchaib and Prapita Thanarakb,  
"Techno-economic assessment of future perspectives of the concentrated solar power plant in Mongolia", International 
Journal of Renewable Energy, Vol. 7, No. 2, July - December 20122 

 

 

Source: K1 Capital analysis of various data sources 
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