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Alternative Approaches To Calculate 
Benefits of an Energy Imbalance Market 
With Wind and Solar Energy 

Abstract 
The anticipated increase in variable generation in the Western Interconnection over the next 
several years has raised concerns about how to maintain system balance, especially in smaller 
Balancing Authority Areas (BAAs). Given renewable portfolio standards in the West, it is 
possible that more than 50 gigawatts of wind capacity will be installed by 2020. Significant 
quantities of solar generation are likely to be added as well. The consequent increase in 
variability and uncertainty that must be managed by the conventional generation fleet and with 
responsive loads has resulted in a proposal for an Energy Imbalance Market (EIM). In this paper 
we discuss the extension of prior work to estimate the reserve requirements for regulation, 
spinning, and nonspinning reserves with and without the EIM. We also address alternative 
approaches to allocating reserve requirements and show that some apparently attractive 
allocation methods have undesirable consequences. 

Keywords 
Wind Integration, Western Interconnection, Energy Imbalance Market, EIM, Reserves, Reserve 
Allocation 

Introduction 
The anticipated increase in variable generation in the Western Interconnection over the next 
several years has raised concerns about how to maintain system balance, especially in smaller 
Balancing Authority Areas (BAAs).1 Given renewable portfolio standards in the West, it is 
possible that more than 50 gigawatts of wind capacity will be installed by 2020. Significant 
quantities of solar generation are likely to be added as well. The consequent increase in 
variability must be managed by the conventional generation fleet and by responsive loads. This 
situation makes it attractive to consider ways in which Balancing Authorities (BAs) can pool 
their variability and response resources, thus taking advantage of geographic and temporal 
diversity to increase overall operational efficiency.  

                                                            
1 Balancing the same variable, renewable-generation-percentage penetration is more difficult with numerous small 
BAAs than for fewer large BAAs because variability is partially cancelled as BAA size increases, while access to 
flexible resources continues to increase.  
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We analyze the Energy Imbalance Market (EIM) that has been proposed in the nonmarket areas 
of the Western Interconnection (WI).2 The proposed EIM includes two changes in operating 
practices that independently reduce variability and increase access to responsive resources:  BA 
cooperation and subhourly dispatch. As proposed, the EIM does not consider any form of 
coordinated unit commitment; however, over time it is possible that BAs would develop formal 
or informal coordination plans. 

We used wind data from the recent Western Wind and Solar Integration Study (WWSIS), 
managed by the National Renewable Energy Laboratory (NREL) on behalf of the U.S. 
Department of Energy (DOE) (GE 2010).  Solar data were developed by NREL for the Western 
Electricity Coordinating Council (WECC) Transmission Planning Policy Committee (TEPPC) 
2020 planning case. The scenario is defined by the TEPPC 2020 planning case PC0, which 
includes approximately 8% wind and 3% solar penetration in the Western Interconnect.  
Although this study used the TEPPC database, it is not associated with the TEPPC process. 

Our analysis focuses only on the ramping and flexibility reserve impacts of the EIM. We do not 
consider or evaluate production costs, nor do we consider the cost to establish the EIM, nor the 
cost to operate the EIM. The flexibility reserve calculations in this report also do not consider 
transmission limitations that might affect the delivery of an EIM transaction across congested 
transmission interfaces. The flexibility reserves that we calculate here were used as input to the 
WECC benefit study (Energy and Environmental Economics 2011), and were also input to the 
production simulation modeling currently underway through a partnership between NREL and 
Energy Exemplar, using the Plexos production simulation model. Both the WECC and Plexos 
analyses incorporate transmission constraints into the production simulation. The flexibility 
reserve calculations in this report establish the need for these reserves, and the production 
simulation provides a means to evaluate whether the demand for energy and reserves can be met.  

Overview of the Proposed Energy Imbalance Market3 
In the Western Interconnection, areas outside of California and Alberta do not presently have a 
common energy market, although there is bilateral transaction activity in the region. WECC is 
currently investigating an Efficient Dispatch Toolkit (EDT) that would achieve many of the 
benefits of a large-scale energy market but without a coordinated unit commitment or regulation 
market. The proposed EDT would use two primary tools. An Enhanced Curtailment Calculator 
(ECC), which can prioritize and allocate transmission service curtailments based on service 
priority for power flow impacts on the grid, will evaluate tagged and untagged flows (most 
deliveries inside BAAs are not tagged). The ECC would pass relevant curtailment information to 
the second tool, the EIM. 

                                                            
2 This paper is based on the longer NREL report Operating Reserve Reductions from a Proposed Energy Imbalance 
Market with Wind and Solar Generation in the Western Interconnection. 
3 This section is derived from King et. al (2011) 
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The EIM would effectively implement some aspects of a virtual BAA across the Western 
Interconnection (California and Alberta would not be included because they already have energy 
markets).4 Imbalances would be netted out, much as they would be in a single BAA. However, 
the netting of energy imbalance, which would include impacts of load and wind, is expected to 
be significant. Figure 1 shows a map of the reduced BA structure considered for this study.  The 
color of the BA name indicates the subregional group in which it belongs:  Orange indicates 
Columbia Grid, light blue is NTTG, white is WestConnect, and black is BCTC and LDWP. 

 

Figure 1.  WECC BAA map with subregional groups 

The EIM will use a security-constrained economic dispatch to provide two functions: 

• Balancing service: This service redispatches generation every 5 minutes to maintain the 
balance between generation and load. For deliveries scheduled in advance, the effect is 
that the market supplies deviations from schedules in generator output and errors in load 
schedules. 

• Congestion redispatch service: This will redispatch generation to relieve overload 
constraints on the grid. Information provided to the EIM from the ECC ensures correct 
allocation of the costs of redispatch service. 

                                                            
4 EIM benefits would increase if the California Independent System Operator  and/or Alberta Electric System 
Operator  coordinated with the EIM. Benefits would also increase if unit commitment were coordinated throughout 
the EIM. 
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Figure 2 shows the EIM continuously repeating the process of taking the current system data, 
calculating the expected conditions and required setpoints for the next interval, communicating 
those setpoints to generators and responsive loads, and the responsive resources moving to the 
new setpoints. This all happens in 10 minutes and is repeated every 5 minutes, which means that 
at any point in time there are two overlapping processes. Imbalances would be netted out, much 
as they would be in a single BA. 

 

Figure 2. EIM repeats the calculations and unit ramping every 5 minutes based on system 
snapshots that are only 10 minutes old. 

Reserve Requirements 
The increased variability and uncertainty from wind and solar power causes an increase in 
flexibility reserve requirements that can be provided by some combination of flexible generation 
and responsive load.  This flexibility reserve is separate and distinct from contingency reserves.  
We discuss flexibility reserve in more detail in this section. Flexibility reserve encompasses both 
generation and responsive load that may be available to help manage the wind and load 
variability. This reserve is calculated dynamically, and is a function of the time-synchronized 
anticipated variability of the wind and solar power and the load. A method was developed to 
estimate the increased requirements for regulation with wind variability in the Eastern Wind 
Integration and Transmission Study (Enernex 2010, King 2011). The reserve requirements are 
broken down into three classes by the types of resources required to fulfill them. 

1. Regulation covers fast up or down minute-to-minute changes within the redispatch 
timing of the system and requires resources on automatic generation control (AGC).   

2. Spinning reserve covers larger, less frequent variations due to longer-term forecast 
errors. Spinning reserve is provided by generation and responsive load that are 
spinning and can fully respond within 10 minutes.  
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3. Nonspinning and supplemental reserves are used to cover large, slower-moving, 
infrequent events such as unforecasted ramping events. Nonspinning reserve can be 
made available within 10 minutes and can be provided by quick-start resources and 
responsive load. Supplemental reserves can be made available within 30 minutes.  

Note that these additional reserves are distinct from the reserves the power system already 
requires to address load variability and contingencies. The names are the same (regulation, 
spinning reserve, and nonspinning reserve) because more of essentially the same types of 
resources are required. Longer-term (an hour and longer) forecast errors can be dealt with by 
bringing additional generation on line.  

The variability of wind plant output is a function of its production level.5 Through analysis of a 
year or more of data, an equation can be derived that quantifies variability as a function of 
production level. This approach uses the simplifying assumption that the data is normally 
distributed while the underlying data has been shown to be slightly nonnormal with more events 
in the tails than would be predicted by a normal distribution (Hodge 2011).  Figure 3 shows an 
example of this function with the data points shown in blue and the curve fit shown in red.  

 

Figure 3.  Short-term forecast error sigma as a function of wind production level 

Total regulation requirements are calculated with Equation 1. A component to cover load 
variability is calculated as a fixed percentage of the hourly load based on the load size in the BA.  
The wind, solar, and load components are scaled to 3 sigma and combined as the square root of 
the sum of the squares. 

                                                            
5 The minute-to-minute variability has been shown to be uncorrelated between individual wind plants (Enernex 
2010).   This results only a small contribution to regulation requirements and is neglected in this method. 
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Equation 1.  Calculation of intra-hour regulation requirement 

𝑇𝑜𝑡𝑎𝑙 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 (𝑊𝑖𝑡ℎ 𝑤𝑖𝑛𝑑 𝑎𝑛𝑑 𝑠𝑜𝑙𝑎𝑟)

= 3 ∙  ��
1.5% 𝐻𝑜𝑢𝑟𝑙𝑦 𝐿𝑜𝑎𝑑

3
�
2

+ (𝜎𝑊𝑆𝑇 (𝐻𝑜𝑢𝑟𝑙𝑦 𝑊𝑖𝑛𝑑))2 + (𝜎𝑆𝑆𝑇(𝐻𝑜𝑢𝑟𝑙𝑦 𝑆𝑜𝑙𝑎𝑟))2
2

 

The 3-sigma approach estimates reserve values that will cover 99.7% of all short-term variability 
for normal distributions; for nonnormal distributions, adjustments can be made accordingly. 
Some analysis has been performed indicating that using the normality assumption and 3 sigma 
will yield approximately 99% coverage with actual data.  Larger multiples, say 4 or 5, would 
cover additional events or account for poorer quality regulation supply. 

An additional uncertainty component caused by an hour-ahead wind forecasting error was 
calculated as part of the method used in the Eastern Wind Integration and Transmission Study 
(EWITS) (Enernex 2010), as shown in Figure 4 and Equation 2. The forecast error is calculated 
based on the previous hour’s production (persistence forecast).  A similar equation can be 
derived for the solar hour-ahead forecast error using the same procedure. 

 

Figure 4.  Hour-ahead forecast error sigma as a function of wind production level 

Equation 2.  Sample calculation of hour-ahead wind standard deviation 

𝜎𝐻𝐴𝑊𝑖𝑛𝑑(𝐻𝑜𝑢𝑟𝑙𝑦 𝑊𝑖𝑛𝑑) =  − 2.985𝐸 − 05 ∙ (𝐻𝑜𝑢𝑟𝑙𝑦 𝑊𝑖𝑛𝑑)2 + 0.1895 ∙ (𝐻𝑜𝑢𝑟𝑙𝑦 𝑊𝑖𝑛𝑑) + 103.2  

These components help to ensure the system is positioned with enough maneuverability to cover 
the probable forecast error and divided as 1 sigma assigned to spinning reserves and 2 * sigma 
assigned to nonspin/supplemental reserves. Equation 3 shows the function for the spinning 
reserves.  The equation for nonspinning/supplemental reserves is the same, except that 2 * sigma 
is used. Adjustments can be made for nonnormal distributions. To find the total reserve 
requirement, each of these three componentsregulation, spinning and nonspinning 
reservesare added arithmetically. These reserves are unrelated to, and distinct from, the 
spinning and non-spinning components of contingency reserves. 
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Equation 3.  Calculation of spinning reserves requirement 

𝑆𝑝𝑖𝑛𝑛𝑖𝑛𝑔 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 (𝐻𝑜𝑢𝑟 − 𝑎ℎ𝑒𝑎𝑑 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑒𝑟𝑟𝑜𝑟)
= � 𝜎𝐻𝐴𝑊𝑖𝑛𝑑(𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝐻𝑜𝑢𝑟 𝑊𝑖𝑛𝑑)2 +  𝜎𝐻𝐴𝑆𝑜𝑙𝑎𝑟(𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝐻𝑜𝑢𝑟 𝑆𝑜𝑙𝑎𝑟)2 

This analysis must be performed for each region or aggregation of regions that is studied.  For 
instance, in the base case or business as usual (BAU) case, each BA within the study footprint is 
responsible for managing the variability within its boundaries.  These calculations are performed 
on the data specific to each BAA, including the variable generation production profiles.  The 
results of this analysis are 8,760 hour vectors of flex regulation flex spin and flex nonspin 
reserves for each BAA that reflect the variability in the BAA’s load and variable generation data. 

When the EIM is analyzed, the variable generation for each of the BAs included in the EIM is 
aggregated by combining the time series for the resources.  A different set of flex reserve vectors 
are obtained that reflect the variability of the aggregated regions, reducing the overall variability 
of the combined regions.  This reduction leads directly to lower aggregate reserve requirements. 

We followed an approach similar to that of Milligan and Kirby (2007, 2008) and King (2011) in 
developing 1-hour ramp-reduction estimates based on the chronological wind and load data 
available for this study.   BAAs that are operated without coordination may simultaneously have 
ramps occurring in the opposite direction. With coordinated operations, such as would be 
available with the EIM, some of this ramping requirement, and therefore generator and 
responsive load ramping, could be reduced or eliminated. Similarly, different BAAs can 
experience peak ramping requirements during different hours or on different days. By combining 
ramping across the EIM, all participants realize a reduction in ramping reserve requirements. 
Figure 5 shows an example of the results for this analysis for an arbitrary week for a sample area. 

 
Figure 5.  Example of effect of EIM on 1-hour ramps 
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The red trace shows the reduction in load ramps and the blue shows the reductions for the net 
load (load, less wind and solar generation).  For this sample week, the maximum net load ramp 
savings is approximately 1,600 MW around hour 150 for the BAAs.  The symmetric nature of 
the graph is caused by the simultaneous savings of +1,600 MW and -1,600 MW at the hour in 
question. 

By tallying the hourly ramp savings results over the entire year we can create a plot that 
describes the frequency at which ramps of various magnitudes occur.  Figure 6 shows that 
frequency for our sample EIM footprint. 

 

Figure 6.  Example of annual ramp savings duration plot 

From Figure 6 we can see that the reduction in net ramp is more than 1,000 MW, symmetrically 
up and down, for approximately 250 hours per year.  The peak net ramp reduction is about 2,400 
MW. 

Energy Imbalance Market Benefits 
Our analysis finds a significant reserve reduction is made possible by the EIM if it is 
implemented over the entire areas of the WI not currently participating in regional markets as 
shown in Figure 7.6 The BAU case represents the current operational paradigm, with limited 
coordination among BAs. The solid bars show the average hourly reserve deployment, and the 
whiskers show the maximum and minimum reserve levels over the course of the year for both 
the BAU and EIM case. The total average regulation is cut from 1,669 MW for the BAU case to 
1,076 in the Footprint EIM, while total spin and nonspinning reserves above contingency reserve 
coverage are reduced from 5,359 MW to 3,083 MW. 

                                                            
6 The full NREL report also analyzes the EIM benefits if the Western Area Power Administration or the Bonneville 
Power Administration does not participate. 
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Figure 7. The EIM reduces reserve targets by 35%-46% on average 

Table 1 shows the maximum reductions in each reserve type, ranging from a 42% maximum 
reduction in regulation to a 56% maximum reduction in both spin and nonspin. 

 

Table 1. Reduction in Maximum Reserve Values 

 Reserve Type BAU EIM Reduction 
Total Regulation 2765 1607 42% 
Spin 2236 977 56% 
Non-spin 4472 1955 56% 
Total 9473 4539 52% 

 

Total regulation is made up of three components: load, wind and solar.  The relationship between 
these components can be seen in Figure 8.  The total regulation is the square root of the sum of 
the squares of the individual components because they are uncorrelated in the regulation 
timeframe.  Load regulation is the largest contributor to total regulation but the most dramatic 
savings for the EIM are seen for the wind component, which is reduced by 54%. Solar impact on 
regulation is significantly smaller than wind, but that is because the wind energy penetration is 
8%, whereas the solar energy penetration is assumed at only 3%. 
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Figure 8. Contributions of load, wind, and solar to total regulating reserves 

Potential EIM Cost Savings 
We applied general reserve pricing to estimate the potential cost saving of each reserve type by 
BA and for the market footprint. These estimates are not intended to be precise because we 
utilize the same pricing for all BAs and at all times.  We find that the full-footprint 
implementation of the EIM would yield approximately $103 million/year. We also apply this 
analysis to the in-area scenario from the WWSIS, using a 30% annual wind energy penetration. 
We find that the reserve benefit for the entire footprint is approximately $221 million. The 
potential cost of operating and participating in the EIM is not included in this analysis.  

Allocation of Reserves and Reserve Savings to EIM Participants 
Calculating the reduction in total system reserve requirements that results from increased 
aggregation is relatively straightforward (as is measuring the benefits once the wind and solar 
generation is installed). Allocating the savings to the individual participants is not as easy. The 
physical act of coordinating scheduling and dispatch among BAs or fully combining them, 
results in a specific physical outcome. Allocating the resulting reduction in reserve requirements 
is a policy choice that does not have a single, unique, physical solution. A number of allocation 
methods that at first appear appealing turn out to have undesirable characteristics. We describe 
one method with appealing properties of “fairness” that avoids the shortcomings of other 
methods. 

We use the term “fair” in a general sense, consistent with King et. al (2012). A reserve allocation 
to an individual should be based on whether, and to what extent, that individual contributes to the 
need for reserve. Thus, if an entity joins the power system and the overall reserve requirements 
increase, then a method that allocates this reserve to the entity is fair. Conversely, if the entity 
joins and reserve requirements are unchanged, then there is no causal link between the entity and 
reserve requirements, and therefore should not be assigned an obligation to provide reserves. 
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Alternative Allocation Methods Produce Different Results 
To illustrate both the benefits and complexity of aggregation we will examine a hypothetical set 
of BAAs7 (A through K) that require 100 MW of regulation each when they balance on their 
own. The same logic applies equally to spinning, nonspinning, and supplemental reserves. For 
simplicity, assume that the regulation requirements are identical for each BAA and are 
completely independent. These assumptions are not necessary (and especially not true for the 
other reserves) but they make the examples easier to follow. Table 2 shows how aggregating 
individual BAAs into three subregions and a single region reduces the physical regulation 
burdenthe greater the aggregation the greater the benefit. 

Table 2. Physical Benefits of Aggregation 

 

Members of subregions X, Y, and Z reduce their collective regulation burden by 29%, 50% and 
55% respectively when they cooperate. Full regional cooperation would reduce the regulation 
burden by 70%. These physical savings can be directly measured as changes in the area control 
error (ACE) variability of each of the collections. How should these savings be allocated? There 
is no single technically correct answer. 

Incremental Allocation 
BA K could offer to join BA J in the formation of Subregion Z. BA K could offer to fully protect 
BA J and to supply all of the extra regulation required when BA K joined. BA J would be held 
completely harmless. BA J would continue to supply 100 MW of regulation while BA K 
supplied the extra 41 MW required to maintain reliability in Subregion Z.8 

                                                            
7 These concepts apply equally well to individual loads and generators or to combinations of loads, generators, and 
BAAs.  
8 Clearly, incremental allocation of regulation requirements is not fair when two similarly situated entities are 
combined, but it can be a reasonable allocation method under other circumstances. A regulatory commission might, 
for example, determine that it is in the public interest to allocate the incremental regulation burden to a new 
industrial enterprise if there were significant job creation and/or tax benefits. The BA customers would be no worse 
off and the subregion would gain economic benefits. 
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Allocating the regulation burden among BAs on an incremental basis has the very undesirable 
effect of assigning very different amounts to otherwise identical entities based solely on the order 
that the entities join the aggregation. 

Table 3 shows how an incremental allocation (third column) would work if all 11 BAs were 
aggregated sequentially. BA A would see no benefits from regional cooperation while BA K's 
regulation requirement would drop by 85%. Note that the incremental allocation did result in 
meeting the total regional requirement of 332 MW. It is only the allocation among individuals 
that is problematic. 

Table 3. Incremental regulation allocation (column 3) treats identical entities differently. 
Proportional allocation (columns 4 and 9) at first appears to work well. 

 

Proportional Allocation 
Allocating regulation benefits proportionally, based on the BAAs’ stand-alone regulation 
requirements, at first appears to be very fair. If the total regulation requirements are reduced by 
70%, then one could simply reduce each BAA's regulation assignment by 70%. What could be 
fairer? Unfortunately, because of the nonlinear nature of the physical aggregation benefit, 
proportional allocation places a disproportionate burden on the smaller entities. This burden 
becomes clear when subregions are considered. 

Proportional allocation does work when all of the individuals are the same size, as shown in 
Table 3. The fourth column shows that each BAA is allocated an equal share of the regional 
regulation burden:  30 MW. The ninth column shows that each BAA is allocated an equal share 
of its subregional regulation burden (assuming that the subregions do not aggregate together into 
an aggregate region). BAAs A through E have a lower regulation burden than BAAs F through I 
or BAAs J and K. This difference is reasonable because there are greater physical benefits for 
larger aggregations. 
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The proportional allocation breaks down if the subregions aggregate, as shown in Table 4. The 
physical regulation requirement drops by 41% from 565 MW to 332 MW (the same as on the left 
side of Table 3). That reduction is proportionately allocated to each of the subregions based on 
the subregion's regulation requirement. It only becomes apparent that this may not be the desired 
outcome when the subregional regulation allocation is further allocated to the individual BAAs. 
BAAs A through E are allocated a 26-MW regulation burden while BAAs F through I are 
allocated a 29-MW regulation burden and BAA J and K are allocated a 42-MW regulation 
burden. Even though balancing is being performed on a regional level and all 11 BAAs are 
identical they get allocated different regulation requirements based on an arbitrary listing of the 
BAAs in subregions in the calculation. Had BAAs A through J been grouped together first and 
had BAA K been considered last, the proportional regulation allocation would have been even 
more disproportional with BAAs A through J supplying 25 MW each and BAA K supplying 80 
MW. Note again that in all cases the regulation allocation still adds up to the 332 MW that is 
physically required by the aggregate region that is actually doing the balancing. 

Table 4. Proportional allocation fails when subregions aggregate or for  
different-sized BAAs. 

 

Vector Allocation – A “Fair” Allocation Method 
Regulation requirements can be allocated such that the allocation does not depend on the number 
or order of subaggregations. Any number of individual entities (loads, generators, BAAs, etc.) 
can be disaggregated. Subaggregations can be reordered and redefined without affecting the 
regulation allocated to other entities. An allocation method developed by one of us has this 
appealing property (Kirby 2000). The method appropriately handles any amount of correlation 
between individual BAAs. This vector allocation method only requires knowing the reserve 
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requirement of the total system, the reserve requirement of the individual BAA, and the reserve 
requirement of the system without that BAA (Equation 4). 

Equation 4.  Allocation of reserve requirements 

Where: 

σTotal is  the total system regulation requirement 
σi is  the stand-alone regulation requirement of entity i 
σTotal - i is  the regulation requirement of the total system without entity i  
σi_allocation is  the regulation requirement allocated to entity i  
 
Table 5 shows the vector allocation results when every BAA is allocated its regulation burden, 
when three subregions are allocated their regulation burdens, and when an alternate pair of 
subregions are allocated their regulation burdens. The individual BAAs are then allocated their 
share of the subregion's regulation burden. Note that the regulation allocated to each subregion 
and each BAA is always the same, regardless of how other BAAs are subaggregated. Only a 
change in the physical aggregation itself will change the allocation. 

Table 5. The vector allocation results do not depend on subaggregation or order. 

 

BAAs of Different Size 
When two BAAs with identical regulation requirements join,  it appears intuitively obvious that 
each should be allocated an equal share of the net regulation requirement (absent a compelling 
societal reason to use incremental allocation). It is not nearly as obvious what the regulation 
allocation should be in the much more usual case in which the stand-alone regulation 
requirements of multiple BAAs differ. The results shown above provide some insight into what a 

( )
σ

σ σ σ
σi allocation

Total i Total i

Total
_ *

=
+ − −

2 2 2

2
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“fair” allocation is for entities with different stand-alone regulation requirements. Subregions X, 
Y, and Z have different stand-alone regulation requirements (224, 200, and 141 MW 
respectively). Although the sizes cannot be compared easily, based on the megawatt regulation 
requirements, they can be compared because we know why the megawatt requirements 
differeach subregion is composed of a different number of otherwise identical BAAs. So while 
it is not immediately obvious that subregion Y is twice the size of subregion Z, based on their 
stand-alone regulation requirements, it becomes clear when one sees that subregion Y is 
composed of four identical BAAs while subregion Z is composed of two identical BAAs. It then 
makes intuitive sense that the fair allocation of the regional regulation requirement for subregion 
Y should be twice the allocation of subregion Z. The vector allocation method has the unique 
property of providing this “fair” allocation.  

Allocating EIM Reserve Requirements 
We applied the allocation procedure discussed above, to the regulation and total reserve 
requirements for the footprint EIM.  Results for the regulation allocation are shown in Table 6.  

Table 6. Vector and proportional regulation allocation methods both allocate the correct 
total system 1,191- MW requirement but the proportional method changes with 

subaggregation and penalizes smaller BAAs. 

 

The vector allocation method produces a single result for each BAA regardless of 
subaggregations (middle columns). Proportional allocation produces one result (50%) if all of the 
BAAs are treated individually, and varying results (43% to 77%) if BAAs are subaggregated 
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first. Regulation allocation should depend on the BAAs’ variability and the correlation of that 
variability to the variability of the total system. 

Conclusions 
This report examines the flexibility reserve implications of the  proposed EIM for the nonmarket 
areas of the WI.  We adapt the reserves method from EWITS to analyze the reserve requirements 
for the EIM and its participants. Based on our analysis, we conclude that full participation of all 
BAs would yield maximum benefit across the Interconnectionas much as 46% reduction in 
requirements for some reserve classes. Although we use standard deviation as the variability 
metric, our approach could easily be adapted to nonnormal distributions. We also examined 
several methods for allocating reserve requirements among participating BAs and find the vector 
allocation method possesses characteristics that lead to a fair allocation of reserves while others 
do not. 

References 
Energy and Environmental Economics (2011), “WECC EDT Phase 2 EIM Benefits Analysis & 
Results (October 2011 Revision).” Prepared for the Western Electricity Coordinating Council, 
October, 2011: 
http://www.wecc.biz/committees/EDT/EDT%20Results/E3_EIM_Benefits_Study-
Phase_2_Report_RevisedOct2011_CLEAN2%5B1%5D.pdf 
 
Enernex Corporation (2010) “Eastern Wind Integration and Transmission Study.” Prepared for 
the National Renewable Energy Laboratory, January 2010: 
http://www.nrel.gov/wind/systemsintegration/pdfs/2010/ewits_final_report.pdf. 
 
GE Energy. (2010). “Western Wind and Solar Integration Study.” 536 pp.; NREL Report No. 
SR-550-47434: http://www.nrel.gov/docs/fy10osti/47434.pdf 
 
Hodge, B. M.; Milligan, M. (2011). "Wind Power Forecasting Error Distributions over Multiple 
Timescales." Preprint. 11 pp.; NREL Report No. CP-5500-50614. 
 
King, J.; Kirby, B.; Milligan, M.; Beuning, S. (2011) Operating Reserve Implication of 
Alternative Implementations of an Energy Imbalance Service on Wind Integration in the Western 
Interconnection, NREL Technical report NREL/TP-5500-52330. 
 
King, J.; Kirby, B.; Milligan, M.; Beuning, S. (2012) "Operating Reserve Reductions from a 
Proposed Energy Imbalance Market with Wind and Solar Generation in the Western 
Interconnection." NREL Technical report In press. 
 

http://www.wecc.biz/committees/EDT/EDT%20Results/E3_EIM_Benefits_Study-Phase_2_Report_RevisedOct2011_CLEAN2%5B1%5D.pdf
http://www.wecc.biz/committees/EDT/EDT%20Results/E3_EIM_Benefits_Study-Phase_2_Report_RevisedOct2011_CLEAN2%5B1%5D.pdf
http://www.nrel.gov/wind/systemsintegration/pdfs/2010/ewits_final_report.pdf
http://www.nrel.gov/docs/fy10osti/47434.pdf
http://nrelpubs.nrel.gov/Webtop/ws/nich/www/public/Record;jsessionid=89F978CAFFB5F1C927795AC94DAFA122?rpp=25&upp=0&m=19&w=NATIVE%28%27AUTHOR+ph+words+%27%27milligan%27%27%27%29&order=native%28%27pubyear%2FDescend%27%29
http://nrelpubs.nrel.gov/Webtop/ws/nich/www/public/Record;jsessionid=89F978CAFFB5F1C927795AC94DAFA122?rpp=25&upp=0&m=19&w=NATIVE%28%27AUTHOR+ph+words+%27%27milligan%27%27%27%29&order=native%28%27pubyear%2FDescend%27%29


17 

Kirby, B.; Hirst, E. (2000).  "Customer-Specific Metrics for The Regulation and Load Following 
Ancillary Services." ORNL/CON-474, Oak Ridge National Laboratory, January: 
http://www.consultkirby.com  
 
Milligan, M.; Kirby, B. (2007). "Impact of Balancing Areas Size, Obligation Sharing, and 
Ramping Capability on Wind Integration." Preprint. 43 pp.; NREL Report No. CP-500-41809: 
http://www.nrel.gov/docs/fy07osti/41809.pdf.  
 
Milligan, M.; Kirby, B. (2008). "Analysis of Sub-Hourly Ramping Impacts of Wind Energy and 
Balancing Area Size." Preprint. 19 pp.; NREL Report No. CP-500-43434: 
http://www.nrel.gov/docs/fy08osti/43434.pdf.  

http://www.consultkirby.com/
http://www.nrel.gov/docs/fy07osti/41809.pdf
http://www.nrel.gov/docs/fy08osti/43434.pdf



