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Abstract: One of the big mitigating factors of intermittency is the smoothing effect of geographical 

distribution of variable renewable energy (VRE ) plants on the aggregate power output of VRE generation 

on a utility network. The greater the distance between two renewable plants, the less likely their output is to 

be affected by the same weather event (e.g. cloud coverage, storms, dust storms). This is similarly the case 

for smaller timescales. Further, different technologies can often be uncorrelated or even negatively 

correlated (e.g. wind and solar) which reduces the integration cost. In this article analyzed and quantify the 

expected intermittency in Uzbekistan focusing on the geographical dispersion by looking at various sites as 

well as by looking at a portfolio composed of different technologies. 

Introduction 

A big concern for the stakeholders in Uzbekistan is the 

intermittent nature of variable renewable energy (VRE) 

and the need to be able to regulate the power output of 

thermal generators to balance these fluctuations and the 

associated cost of doing so. Therefore, there is a need to 

quantify the intermittency and plan the penetration levels 

such that any issues are mitigated, e.g. by using energy 

(battery or pumped hydro) storage [1-5].  

For islanded systems, the risk represents load 

shedding and unnerved load in the event of a rapid drop 

of renewable energy output for which the rest of the 

system cannot compensate. For large interconnected 

systems it may represent emergency rate penalties for 

offending utilities. Uzbekistan is the latter case, with an 

agreed 300 MW float on the interconnector used for 

regulation for up to 20 minutes [6-11].  

The time scale that matters most for our purposes of 

this study is the 10-minute interval. Over this period, 

intermittency needs to be able to be covered from already 

generating units (or stand-by batteries, or pumped storage 

in synchronous condenser mode). Beyond that period, fast 

starting units will be able to have come online in response 

to any events.  

In the very short term, fluctuation in renewable energy 

output are related to cloud coverage and localized gusts, 

which cancel each other out on larger dispersed numbers 

of plants. Over longer time frames, the weather patterns 

will lead to higher correlation (e.g. the wind dying off 

after a stormy period which will affect the whole plant or 

the sun setting) [12-13]. 

In summary, unpredictable short-term intermittency 

events exhibit lower correlation especially over larger and 

geographically dispersed plants and therefore cancel each 

other out. Weather (and sun-cycle) related intermittency 

occurs over longer time frames and is predictable and can 

be planned for. 

1 Methods 

In the case of PV, there have been documented cases of 

small plants suffering an 80% variation over one (1) 

minute intervals in the most extreme cases. Five (5) plants 

separated to the extent they are uncorrelated will have 

only a 40% variation and twenty-three (23) PV plants 

would have only a 20% variation of available power. Note 

that this reduced variation is a percentage of the aggregate 

installed capacity and is therefore larger than 80% of a 

single plant.  On the basis that the plants are mutually [ 

14-16], the expected variation is given in the equation 

below: 

r∞
1

√𝑁
 

Where r is the deviation the maximum aggregate 

available power in per unit, and N is the number of 

uncorrelated plants. Fig. 1 presents the above formula 

graphically for up to 21 plants where the 1-minutes 

variation for  an individual plant is considered to 80%  in 

this case. 
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Fig. 1. Per Unit (N) variation of power output on 1-minute intervals for different number of plants 

 

It follows for a given capacity goal, it is beneficial to 

have a number of smaller plants than fewer larger plants. 

The above analysis assumes the plants  are equal or 

similar in size and have the same statistical variation and 

provides a good first approximation where output data is 

unavailable. 

If the plant sizes are known, and output data exists, an 

approach which considers this information can be used. 

The equation below provides the solution when 

considering the plant size as well as the correlation or 

covariance between any two plants: 
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The covariance between  two  plants  can be calculated 

by multiplying their maximum individual variation (∆Pt) 

(where t is the timescale under consideration) with one 

another and then multiplying by the correlation between 

the two plants in question. The square root of the 

summated covariance provides the maximum variation 

for the time periods while the maximum individual 

variation can be evaluated using statistical probabilities 

[17-19]. 

The data assessed 20 years’ worth of hourly wind 

speed data for three sites and typical meteorological year 

(TMY) solar irradiance data for five sites in Uzbekistan. 

In addition, date analyzed two 20 years’ worth of 30-

minute of solar irradiance for two sites in Uzbekistan 

(highest granularity available). The data run through our 

statistical models to quantify the correlation of output 

changes between plants and sites to estimate the overall 

portfolio risk in terms of the largest acceptable variation 

that the utility should safeguard against (e.g. 99.7th 

percentile).  

The data points obtained from that can be 

benchmarked against data in order to extrapolate to the 

relevant time horizons in order to extrapolate to the 

relevant time horizons.  

In order to assess the expected portfolio standard 

deviation (as measure of intermittency), we employ 

portfolio theory 
2 2 2 2 2 2

, , ,2 2 2  p A A B B C C A B A B A B B C B C B C A C A C A Cw w w w w w w w w                

Where  

wA is the weight of asset A in the total portfolio (MWA 

/ MW portfolio) 

𝜎𝐴
2  is the variance of output  of asset A 

𝜌
𝐴,𝐵

  is the correlation between output of assets A and  

B 

𝜎𝐴 is the standard deviation of output asset A and 

similarly, for asset B and asset C, etc. Note that when 

correlation is 0, the covariance terms become 0 and can 

be neglected. 

2. Results and Discussion 

The general results are presented here, in Table 1. 

 

             
Table 1. High-level results of the correlation analysis of 60-minute Uzbekistan 

Wind correlation 
Correlation between wind sites is slightly positive with coefficients between 

19% and 38% 

Solar correlation 
Correlation between solar sites is highly positive with coefficients between 

50% and 79% 

Cross correlation wind and solar sites are not correlated close to 0. 
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Table 2. Most extreme and p99,7 output changes over 20 –year date series 

 

 

 

 

 

 

 

 

 

Table 2 presents the results of the analysis of the 

output variability with the most extreme and the 99,7th 

percentile variation over the 1-hour time horizon for 

portfolio plants consisting of 5 solar sites and 3wind sites 

(all equal size). 

Using a typical logarithmic relationship (as observed 

elsewhere) and based on the benchmarking of the 60-

minute and 30-minute variation with the data analyzed for 

Uzbekistan as well as assessment of correlation 

coefficients, we can extrapolate to shorter time periods 

relevant to define the spinning reserves (Figure 2). 

The relationship shows that a substantial, albeit less 

overall, portion of the variation for a plant over an hour, 

is also required over the 10-minute time frame. Although 

the overall variability is less, the ramp rate requirements 

on a 10 minutes basis are much higher than on the 60-

minute basis. 

 

 

 

 
Fig. 2. Example of per unit output variation over different time for a renewable plant 

 
Table 3. 10 –minute portfolio variation of the sample portfolio 

 Comment 
Solar +wind            

(per date) 

Solar 

(only) 

Wind 

(only) 

99,7 percentile 

variation (p.u) at  1-

hour interval 

Standard variation of change in 

output of  a single plant 
 0.40 0.28 

99,7 percentile 

variation (p.u) at 10 -

min interval 

Assumed as 90% of the above 

given the logarithmic relationship 

as per Figure 2 

 0.36 0.252 

Number of sites Assuming equal size at each site  5 3 

Standard deviation of 

a portfolio 

Assuming the different sites are 

uncorrelated at the 10-minutes 

interval 

0.11=sqrt 

(0.16^2+0.14^2) 

0.16=0.36/sqrt

5 

0.14=0.252/ 

sqrt3 

 

Table 4. Spinning Reserve Requirement diversified solar + Wind portfolio of 10 GW 

 Renewable Energy Capacity (MW) Spinning Reserve (MW) Ramping (MW) 

10 minutes 10,000 1,270 127,0 

60 minutes 10,000 2,210 36,8 

 

Per unit (p.u) of installed capacity 

Maximum increase (p.u) 0.311 

Maximum Decrease (p.u) -0,266 

Mean 0,000 

Variance (σ2) 0,026 

Std. Dev (σ) 0,057 

99,70% (increase) 0,211 

0,30% (decrease) -0,193 
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Based on this relationship, we can estimate the 

portfolio intermittency the utility should keep spinning 

reserves for as shown in Table 3 [20-24]. 

In order to remain conservative in our approach for 

Uzbekistan (given the limited data about sites, 

composition and sizes of portfolio plants, and lack of 

highly granular measured data), we estimate the portfolio 

variation on the hourly interval (which exhibits larger 

variability than the 10-min interval data would have). We 

obtain a value of 0,127 per unit (p.u.). This means for a 

wind and solar plant portfolio of 10 GW in Uzbekistan, 

even though we estimate that over 1 hour, 2.21 GW of 

ramp up generation needs to be available (36.8 MW/min) 

from Table 2, the short-term ramping requirement is 

conservatively estimated at 1.27 GW over 10 minutes 

(127 MW/min) as shown in Table 4 [25-28]. 

Conclusion 

Typically, spinning reserve requirements need to be able 

to regulate the power demand and supply balance in the 

short term.  Primary reserve is often 3-5% of load 

available within seconds sustained for a short period. 

Secondary reserve responds within 10 seconds by 

ramping up output and sustains the output response for 30 

minutes, at which point fast reserve units will have started.  

In the future, it would be expected that more data for 

Uzbekistan is collected and generated, especially when 

solar and wind plants become operational, so that this 

analysis can be refined further on an ongoing basis. The 

higher the resolution of this data (e.g. power output on a 

1- or 10-minute basis), the more accurate the updated 

analysis will be 
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