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Overview 
Renewable energy is one of the promising energy solutions in the future. It is the best energy form to replace the 
existing fossil fuel based power generations, which cause global warming and environmental issues. Existing 
power systems are designed for accommodating centralized large power stations. In most power grids, there are 
bottlenecks of accommodating a very high percentage of renewable energy generations in the system, unless the 
renewable energy generations coordinate with fast hydro power generations and large scale energy storages. 
With the changing of generation source mixtures in most power grid. More and more systems have the ability to 
accommodate a very high percentage of renewable energy generations. 
 
In EU and North America, many countries have set up a target of having a high percentage of renewable energy 
generation in the future decades. A 100% or close to 100% renewable energy generation system would be the 
final goal for most countries. Besides the technical issues of whether there are enough reserves and balancing 
services to support the intermittent renewable energy generations, investment costs and capacity requirements 
are the other issues need to be considered. From energy balance view points, it is necessary to determine how 
many renewable energy capacities are needed to replace existing fossil-fule based generation capacity to reach a 
close to 100% renewable energy generation system, while consider capacity factors of wind farms, wind sites, 
and available power exchanges. 
 
In this paper, we will use Swedish power system as a study case to calculate how many new renewable energy 
(mainly wind power) capacities need to be installed to replace existing fossil-fuel and nuclear power generations,  
and coordinate with existing hydro power and renewable energy capacities to reach a 100% renewable enrgy 
generation system. 
 
Methods 
We will first apply our method on a one-year data. Based on load profile (8760 hours) and hydro generations of 
one year, we will find the gap between total load and total hydro generations in the year. Assume the gap is 
provided all by new wind capacities, it is possible to find out the energy generations needed from new wind 
farms. However, due to the intermittence of wind power generation, it is not straight forward to calculate the 
required wind power capacity. To solve the problem, we will use different Swedish wind power scenarios to 
estimate the additional wind power capacities needed. 
 
To further study the problem considering wind characteristics in different seasons and weathers, hourly 
simulations will be done to test whether the obtained wind power capacity is good enough to support the load 
profile. At this stage, we assume the surplus wind power is not stored, and the percentage of casted wind is used 
as index to evaluate the system. Hydro power inflow data is also an important factor in the renewable energy 
system. The weekly hydro inflow data and maximum water reservoir capacity are considered in the calculation. 
In the end, 10-year data is used to verify the method and the results. 
 
Results 
Using the real data of Swedish system, we calculated and obtained the new wind capacity needed to coordinate 
with existing hydro and wind power to supply the load in the country. The result is that we need about double 
size of the existing wind capacity additionally to supply the load as a 100% renewable energy system. It is 
around 13,600 MW new wind capacity need to be installed. The hourly simulation shows that the result is quite 
good for hourly operation. Due to the big hydro reservoir in Sweden, existing hydro power and existing wind 
capacity (6,038MW) plus newly installed wind capacity (13,600MW) would be enough to supply the load 
(with load profile of 2014). 
 
Only 0.5% of wind will be casted for some hours. The only concern is that heavy load occurs in the winter, while 
much more water flow in the reservoir in the spring. And in dry year of hydro power, more wind capacity is 
needed, or some power need to be imported for other Nordic countries. 
 
Conclusions 
In this paper, we have studied power generations and load profiles in Sweden. Real data is used to calculate the 
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new wind capacity needed to reach a 100% renewable energy generation system to supply the load in the 
country. Hourly simulation is implemented to verify the result. It is found that installing additional 13,600 MW 
wind power, is enough to replace existing nuclear and fossil fuel power plants to supply all load with renewable 
energy generation. Benefit from the hydro power in Sweden, the hourly simulation shows that with this amount 
of new wind power capacity, it is possible to satisfy hourly operation requirement. 
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