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NV Energy Demand Response Programs  

Nevada Power Company recently reported in its filing to the public utility commission 

several key benefits of its demand response programs.
1
 These programs are evaluated based 

on the avoided costs of alternative fossil generators. Avoided costs typically include both 

avoided generation and avoided capital construction (deferred capacity).
2 
 

 

Nevada Power’s filing includes several avoided costs including: 

• Avoided Capacity 

• Avoided Fuel and Purchased Power 

• Deferred Distribution System Upgrades 

 

However, they also note that several important benefits are not reported including: 

• Avoided Capacity Options 

• Reliability Benefits from using the program to prevent brownouts or blackouts 

 

The first set of benefits represents the expectations and value of purchasing energy for 

“business as usual.” The second set represents potential benefits in the rare but likely case of 

system emergencies – both in situational shortages in capital deployment and in operational 

flexibility of energy supply. Demand response programs provide both sets of benefits. 

However, the analysis of the second set of benefits is a bit more complicated and often left 

out of the calculations. This results in undervaluing demand response programs. Absent cost-

effective DR programs, reliability benefits must be provided by traditional fossil generation. 

However, DR programs can provide reliability benefits, at a lower cost and with greater 

flexibility in locational targeting, than is possible through traditional construction of fossil 

generation or capital expansion of the transmission and distribution (T&D) system. The 

inclusion of DR reliability benefits in the cost effectiveness calculations is complicated 

because the value represents the option value or insurance value of owning a peak hour 

reliability event resource. Options and insurance policies both require a precise 

understanding of the risks and uncertainties characterizing the underlying supply risk. 

 

Demand Response Optionality 

Investment in demand response can be evaluated in two ways.  The first way assumes only 

one estimate of the program savings impacts, number of participants, program costs, and 

avoided costs.  This represents a very deterministic valuation approach using the net present 

value of avoided costs versus the program costs to assess cost effectiveness.  This method 

does not accommodate alternate outcomes and specifically low probability but high 

                                                 
1 Demand Response Program Data Sheet, Page  367 of 425 of Volume 3 of 7 in Nevada Power’s 2013 Annual Demand Side Management 

Update Rport, Docket Nos. 13-07002 and 13-07005. 

2 The Public Utilities Regulatory Policy Act of 1978 requires the Federal Energy Regulatory Commission (“FERC”) to adopt regulations 

requiring electric utilities to purchase electric energy from Qualifying Facilities (“QFs”). The rate an electric utility is required to pay a QF 

for electricity must be just and reasonable, in the public interest, and cannot discriminate against the QF, or demand response program in the 

NV Energy case. The rate, however, cannot exceed the incremental cost to the utility of alternative electric energy. The incremental cost of 

alternative electric energy is commonly referred to as the avoided cost and is generally defined as the “cost to an electric utility of electric 

energy or capacity or both which, but for the purchase from the qualifying facility or qualifying facilities, such utility would generate itself 

or purchase from another source.”  
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consequence reliability events and as a result undervalues investment in demand response
3
.  

A second approach recognizes that there is considerable uncertainty in the components of the 

valuation.  Key aspects of this include, among other things, load and weather volatility 

measured from actual utility data, the potential for forced outages of generating units or 

transmission constraints in the market area, changes in the strength of the economy, the 

willingness of customers to participate in the demand response programs and the possible 

adoption of alternative distributed renewable resources, and the volatility of power market 

prices, traditional fossil construction costs and variation in capital allocation needs of the 

T&D system.   

 

A critical factor is load volatility which is ultimately affected by many of those other factors.  

The combination of higher loads at times of high cost creates the opportunity for increased 

valuation of demand response programs, especially when viewed from a probabilistic 

perspective. At times, the strong correlation between prices and loads can result in an 

extreme cost of served energy. It is important to have resource options that can address such 

low probability but high impact events.  In addition, not only is the value of demand response 

coming from the ability to reduce loads when power costs are high, but also one needs to 

recognize that the amount of load available to be reduced can increase as load rises, 

especially if the load reduction programs include weather affected end uses such as air 

conditioners.  The use of a real options
4
 methodology provides an assessment that more fully 

captures the value of demand response programs. 

 

An option is the right, but not the obligation to act.  Uncertainty impacts the value of an 

option.  Demand response provides strategic opportunities that utility managers can use as 

conditions change or events unfold. Specifically, DR programs provide managers with a 

reliability option in the case of extreme system emergencies. Like other options, the payoff is 

related to the magnitude of the emergency - the more extreme the emergency, the more 

valuable the DR option. The deployment of a DR program is directly analogous to the 

deployment of a peaker power plant designated to supply the extreme end of the designated 

system reserve requirement. DR programs can effectively delay or eliminate the need to 

construct these extreme reliability fossil resources. DR programs like financial options 

become contingent decisions, opportunities to make a decision (e.g. call a DR event) as 

events unfold. Managers can decide whether or not to implement a demand response event 

based upon a review of the costs of supply options available. Financial options, like 

insurance policies are used to hedge extreme negative outcomes. However, it is important to 

remember that the negative events are not expected or desired, but possible because of the 

uncertainty surrounding system reliability. Like an insurance policy, protection from the 

undesirable outcome has a cost – a cost that can be provided from less expensive DR 

resources or more expensive fossil generation or energy imports. In this report we quantify 

the cost difference between traditional energy and capacity resources and demand response 

                                                 
3 See Osman Sezgen, Charles Goldman and P. Krishnarao, Option Value of Electricity Demand Response,  LBNL-561710.   (Berkeley, 

CA: Ernest Orlando Lawrence Berkeley National Laboratory, October, 2005), page 1. 

4 See for example Martha Amram and Nalin Kulatilaka, Real Options.  (Boston, Massachusetts: Harvard Business School Press, 1999). The 

real options approach is the extension of financial option theory to options on real (non-financial) assets.  While financial options are 

detailed in contracts, real options are embedded in strategic investments, like DR programs. In this study, although not explicitly stated, 

references to the “option value” of DR is implicitly referring to real option literature and the real option value.  
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programs when used for reliability protection/insurance.  

 

The related question is how to fully define the value of optionality – availability to serve in 

multiple markets – from dispatchable DR capacity.  In 2002 the California Public Utilities 

Commission directed its utilities to use option value methods to evaluate all major electricity 

procurement transactions.5  Each of California’s investor owned energy utilities continue to 

use option value methods to evaluate long-term procurement options in the CPUC’s long-

term procurement plan.  The results are kept confidential, protected by NDAs, and reviewed 

by a stakeholder-based Procurement Review Group.  Thus, option value represents the 

availability of a resource to participate in multiple markets concurrently.  A resource that can 

be available for use during the highest price hours and the times when reliability is most 

threatened is more valuable than a resource dedicated to a single narrow use (e.g., grid-wide 

emergency service).  Full option value implies that the full set of benefits is available and 

that each potential use is valued.  Option value has been used for years to value fossil 

generation.6  This approach can be used to directly quantify the market benefits of 

dispatchable capacity.  A large wind scenario illustrates how electricity markets dramatically 

change.  When wind or solar suddenly stop (or start) producing electricity, dispatchable 

capacity must increase (or decrease) immediately to fill the gap.  These supply changes result 

in more price volatility and greater congestion.  Option value can be extended to the 

distribution level, for example where battery-electric vehicle charging incorporates load-

management that is provided by DR. 

 

The value of optionality in multiple concurrent markets is based on hours of resource 

availability, the market value of energy, the value of reduced market volatility, and contract 

length.  In contrast, a single snap-shot of avoided capacity and energy costs cannot capture 

the optionality of dispatchable capacity.7 Utilities often use dispatchable DR only as 

emergency capacity, but it can be used more widely as an option contract to serve multiple 

purposes and maximize its value.8  A subset of the multiple uses of dispatchable DR is as 

follows:  

 

 Ramping capacity (for grid needs and to integrate more renewables) 

 Resource adequacy and operating reserves 

 Reduce capital costs 

 Lower electricity prices 

 Reduce congestion costs 

 Mitigate market power 

 Locational arbitrage (in nodal markets) 

 Reduce fuel risk 

 Remove counter-party risk 

                                                 
5 California Public Utilities Commission, Decision. 02-12-074, December 19, 2002, pg. 17 

(http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISION/22128.htm).  

6 The genesis of this is the spark-spread option.  See, e.g., V. Kaminski, Managing Energy Price Risk (Risk Books), 1999; A. Eydeland, K. 

Wolyniec, Energy and Power Risk Management, (John Wiley) 2003. 

7 Monte Carlo techniques can be used to augment the SPM in order to capture elements of DR optionality. 

8 See, Options: Essential Concepts and Trading Strategies, Options Institute, (McGraw Hill) 1999. 

http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISION/22128.htm
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 Distribution load management 

 

With the ability to serve these and other concurrent needs DR provides significantly greater 

market (option) value than what can be captured using traditional avoided cost analysis.  

 

Price volatility indicates how prices are expected to fluctuate under expected short-run 

conditions.  That is, price volatility establishes boundaries on future price levels.  Short-term 

energy price volatility is the hourly variation in electricity prices, representing the highest 

and the lowest prices in the period.  As electricity cannot be easily stored, electricity prices 

are relatively volatile especially during peak times.9  Energy price volatility reflects 

transmission availability and congestion costs, price caps, and the supply-demand balance in 

capacity related markets, particularly local resource adequacy and current levels of operating 

reserves.10  Price volatility increases as a result of a set of factors that impact electricity 

supply and demand.  Contingencies such as forced outages of plants or transmission lines can 

dramatically increase price volatility. With more wind and solar generation market price 

volatility increases as previously explained.  Hence, with increasing use of wind and other 

variable resources price volatility will increase beyond historical levels.11   

 

The avoided cost method for resource valuation does not address three specific benefits 

captured by option models.  First are the benefits related to hedging against future low 

probability, high impact events, particularly events that result in high electricity demands that 

are accompanied by high spot electricity prices. High demand and high prices can occur for 

relatively short periods of time to produce dramatic reliability and economic consequences. 

Second is the benefit of dispatchable DR to substantially reduce the impact of reliability and 

price based events.  Third are benefits of DR availability to serve multiple market needs.  DR 

cost benefit analysis should capture these multiple contingencies.12  The option model is well 

suited to address and capture these benefits.  The avoided cost method simply assumes that 

the capital costs of a combustion turbine are avoided and some energy savings may result.   

 

One use of the option model is to calculate a fair market value for dispatchable DR contracts.  

The ratio of benefits to costs is a function of the option value divided by the option cost.  

Nobel Prize winner Fischer Black developed the Black model in 1976 and it has been used 

since as a standard tool to evaluate option contracts.  Others have explained in detail how the 

Black model, or its variant the Black-Scholes model, applies to DR as well as to renewable 

energy sources.13 Additional methods such as decision trees and Monte Carlo techniques are 

                                                 
9 Locational Marginal Prices (LMPs) (short term energy commodity) are intended to capture and integrate all commodity related supply-

demand factors.  As the energy commodity market reflects these factors it is largely a substitute for capacity market elements, including 

resource adequacy, operating reserves, reliability-must-run generation, and out-of-market resources.  These factors may make disaggregated 

locational marginal (energy) prices (LMPs) in organized markets more volatile in certain locations.   

10 As energy is capacity delivered these two are largely substitutes and the related the prices for each reflect the volatility from the same 

related factors.   
11 Expectations about electricity prices should be adjusted and tempered by the level of price volatility, which is typically seen in the recent 

price history. 

12 The option model evaluates the benefits of DR given multiple contingencies on an hourly basis over with analytic methods that account 

for the uncertainties about when and how often circumstances such as extremely high demand or energy prices will occur, the magnitude of 

the resulting economic consequences, and the impact of behavior on the load changes that occur under those DR programs. 

13 See, O. Sezgen, C. Goldman, P. Krishnarao, Option Value of Electricity Demand Response, Lawrence Berkeley Laboratories, Oct. 2005 

(LBNL-56170); O. Sezgen, C. Goldman, P. Krishnarao, Option Value of Demand Response, Energy, Vol. 32, No. 2, Feb. 2007; D. 
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used for the option model. 

 

The option model can capture the multiple benefits that are achievable:. These benefits 

include energy reduction, congestion mitigation, planning and operating reserves, emergency 

capacity, and as distribution load management. At the same time, DR can reduce both energy 

and capacity obligations as well as reduce line-losses.  Option value for DR demonstrates 

that its value is much greater than what simple avoided cost methods show. 

 

Financial Theory Basis for Option Value 

 

In financial theory, the value of an option is dependent upon the uncertainty of the underlying 

price, the strike price, market volatility, the amount of time until the option expires, and the 

risk-free interest rate.  Figure 1 is a payoff diagram for a financial option.  The solid line 

shows the value earned after the option has been exercised and the strike price has been 

exceeded, also known as the intrinsic value.  The dashed line reflects the total value of the 

option per se once one incorporates the probability of the outcomes.  The difference between 

the two is the extrinsic value. 

 

 
Figure 1. Comparing Intrinsic and Extrinsic Value 

 

The longer we can wait for an outcome (e.g., high loads with a high cost), the more likely the 

value will be achieved. For example, 10 year DR option is more valuable than a 1 year option 

because there is higher likelihood that reliability events would occur viewed over 10 years. 

For this reason it is important to evaluate DR programs over the life of the program, rather 

than only the immediate summer season. The real option value of demand response differs 

from the value of a financial option in several respects. First, the underlying uncertainty 

driving the insurance or option value
14

 of DR is more complicated than a financial option. 

For example, DR programs can be deployed many times over a summer season, or can be 

economically dispatched. Monte Carlo methods15 allow the complexities of DR programs to 

be included in the analytics. Second, energy commodity prices and capacity prices are 

                                                                                                                                                       
Schimmelpfenning, The Option Value of Renewable Energy: The Case of Climate Change, Energy Economics, Vol 17, No. 2, Oct. 1995. 

14 In this study insurance value, option value and extrinsic value are used interchangeably.  

15 Monte Carlo methods refer to computational algorithms that reply on repeated random sampling using computer simulation to obtain 

numerical results. 
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generally thought of as more complex than equity prices. Third, market variables may impact 

real options differently than financial options. However, many of the valuation methods and 

principles are identical between financial options and real options. Similar to Figure 1, the 

payoff diagram specific to demand response is provided in Figure 2.  This figure highlights 

the value of demand response with respect to the level of the reserve margin.  As system peak 

demand rises above the level of planned capacity, the value of demand response rises.  

 

 

 
Figure 2. Option Value of DR Programs 

 

 

Several factors impact variation around planned capacity including weather uncertainty, 

economic growth, forced outages and other system emergencies to name a few. The figure 

highlights the difference between the intrinsic and extrinsic value of options. This report 

provides an estimate of both the intrinsic and extrinsic value of demand response around 

planned capacity specifically focusing on weather related load and cost volatility. Further 

described below, the intrinsic and extrinsic value of the NV Energy demand response 

programs were calculated using a cost benefit analysis tool known as DSMore, which 

adheres to the cost effectiveness protocols identified in the California Standard Practice 

Manual and most state technical reference manuals.   

 

DSMore is a financial analysis tool designed to evaluate the costs, benefits, and risks of 

demand response and energy efficiency programs and measures.  DSMore estimates the 

value of programs at an hourly level across distributions of weather and/or energy costs or 

prices, which allows the calculation of the insurance value of DR  The DSMore extrinsic or 

option valuation methodology focuses on the national construction cost of installed 

generation capacity, the locational utilization of installed T&D infrastructure and the weather 

effect of avoided energy costs observed over many years of historical weather and load data. 

As such, results are still conservative. Additional value may exist considering the possibility 

of forced outages, and changes in capacity margins in the market area due to fluctuations in 

the economy.  
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 Model Calibration and Input Harmonization 

The analysis of energy efficiency and demand response program cost effectiveness has 

traditionally focused on the calculation of specific metrics, often referred to as the California 

Standard Cost-Effectiveness Tests. These test include the Utility Cost Test (“UCT”), Rate 

Impact Measure (“RIM”) Test, Total Resource Cost (“TRC”) Test, Participant Test (PCT), 

and Societal Test (SCT).  NV Energy currently uses a model known as Portfolio Pro to 

produce conservative and reliable results for those tests. Using deterministic average loads 

and pricing, or profiled loads and prices, as Portfolio Pro does, allows valuation of the 

intrinsic value.  

 

DSMore provides results for the same tests, but was used for this report to also provide the 

extrinsic value of the DR program.  Utilization of a stochastic approach to enumerate the full 

distribution around value at peak times is required to derive the extrinsic component of 

program benefits.  Averaging alone, a traditionally accepted deterministic approach though, 

understates the total measure value.   

 

NV Energy, its partners, and stakeholders have expended much effort to ensure accurate 

results using Portfolio Pro.  Hence, it was very important to ensure that the baseline intrinsic 

values that are familiar to all stakeholders were the same.  In order to be confident that the 

extrinsic value was appropriately isolated, the models were compared to ensure that they 

were both producing the same intrinsic value; and, a detailed review was performed to ensure 

that the results were based upon the same input assumptions and source data.  A following 

section provides the detailed results of this comparative analysis.  

 

 

Approach for the Calculation of Option Value 

An important value driver in weather dependent measures and programs is the multiplicative 

covariance effect between price and load. Consider two simple exemplary scenarios (See 

Table below): one using the average load and average prices and another scenario using 

hourly loads and prices.  In both scenarios the average load is the same (2 MW) and the 

average price is also the same ($50/MWh) over the time period.  However, the total value of 

the hourly analysis is greater ($620 versus $500 ). The actual value of the program in this 

example is almost 25% higher when hourly costs are used to estimate benefits compared to 

the use of average pricing.  Although Portfolio Pro uses a stream of hourly avoided costs 

across the DR measure life, those costs are averaged which leads to a very conservative 

valuation. 
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Average vs. Hourly Valuation 

Hour MW $/MWH Total $ MW $/MWH Total $

1 2 $50 $100 1 $20 $20

2 2 $50 $100 1 $20 $20

3 2 $50 $100 2 $50 $100

4 2 $50 $100 3 $80 $240

5 2 $50 $100 3 $80 $240

Average 2 $50 2 $50

Total $500 $620

Loads and Prices

Average Hourly

Loads and Prices
Total $

 
 

 

To capture the extreme weather/price scenarios and, therefore, the full value of the NVE DR 

programs, DSMore uses and hour by hour approach without averaging as based upon actual 

NV Energy hourly loads and prices.  DSMore correlates historical loads and prices to actual 

historical weather.  These relationships (along with the covariances) between loads, weather 

and price, and the probability distributions of these relationships, are used within DSMore to 

calculate approximately 700 different market/load/price scenarios, each with a unique test 

result.  DSMore reports the endpoints or extremes of this distribution, for convenience, 

reducing the number of test results reported in the Excel output, to 5 to 9 test results, vs. 700.  

The user can simply adhere to one test result, which reflects their preferred set of avoided 

costs, across weather normal conditions, too. 

 

One of the more versatile functions of DSMore is its ability to simultaneously assess multiple 

cost effectiveness assessments over many different avoided cost scenarios.  For each of the 

30 years of weather scenarios, DSMore assesses 21 different electric market/cost/price 

scenarios.  Typically, DSMore uses 33 years of weather as a default number of weather year 

scenarios, yielding 693 (33 weather scenarios x 21 market scenarios) cost effectiveness test 

results to reflect a full spectrum of possible valuations of a particular program, or about 700 

in total.   

 

Figure 3 (below) shows how the approximately 700 weather/price scenarios capture the 

extremes, which an averaging type of avoided cost method will ignore. 
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Figure 3: Weather & Market Scenarios 

 

With respect to forward market prices, DSMore uses 21 different forward curves.  The model 

develops 21 such that the first set, or column, of avoided costs or prices, reflects traditional 

cost based avoided costs (i.e., system lambda, avoided production costs), leaving 20 columns 

for 20 different forward market price curves, ranging from low to high (e.g., $30/MWH to 

$70/MWH, on average over 8,760 hours).  The use of 20 insures that approximately every 

5th percentile of increase in the forward curves can be observed.  We use 5th percentiles 

because it is generally safe to interpolate test results between, say, the 45th percentile and the 

50th percentile, linearly.  However, it is not appropriate to linearly interpolate test results 

between, say, the 25th percentile and the 80th percentile.  Energy prices are notoriously non-

linear (i.e., peak prices are much more volatile than off-peak prices). 

 

Option value of DR programs is calculated for both the operational energy benefits and the 

capital deferment benefits for generation and T&D capital assets. The DSMore option value 

represents the impact of uncertainty, covariance, and nonlinearity on project value, capturing 

both the intrinsic and the extrinsic value of a project. Typically, an expected value based 

deterministic approach– expected price times expected savings for each hour of the project 

life (representing the intrinsic value), assumes a normal distribution around the mean. Given 

the assumption of a normal distribution around the mean, uncertainty can impact the project 

standard error or distribution, but the mean value remains unchanged. However, this 

assumption limits the deterministic approach from estimating the extrinsic value of weather 

dependent energy efficiency or demand response programs. Weather dependency causes a 

skew in the payoff – as temperatures become hotter the programs become more valuable.  

Whereas the weather average or expected savings and price conditions can provide a useful 

measure of intrinsic value, measuring the impact on program value due to extreme 

temperatures is needed to calculate the extrinsic value. DSMore uses financial engineering 

methods to value both the intrinsic and the extrinsic program value. These two combined 

provide a more complete measure of the overall project value. For more details about the 

analytical approach employed in DSMore, see Appendix 1. 

 

The multiplicative relationship between price and savings is critical to understanding the 
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expected value. Rather than using profiled shapes, DSMore uses actual historical data to 

construct this relationship over 30 years of actual weather data specific to the region of study 

(see Appendix 2 for a detailed description of the empirical model and simulation method 

used in DSMore). DSMore considers the extreme prices prevalent during the time that the 

program is active. So, for example, if the program runs 100 hours, the top 100 prices are used 

in the avoided cost calculations for energy benefits.  

 

Comparing the 2014 NVE Program Results  

The following tables compare the 2014 Residential and Commercial programs. First, the 

Portfolio Pro results are compared with the DSMore results using the identical input 

parameters. The small differences in the results are largely due to the difference between the 

profiled load shapes used in Portfolio Pro vs. the actual NVE load shapes used in DSMore. 

Although both load shapes are set to the same level, slight variation in the hourly savings will 

cause small insignificant differences in the results.  

 

Second, the DSMore option value (or more precisely, total value, including option value) is 

presented. As noted earlier, the DSMore option value includes the operational energy 

reliability benefits and the deferred capacity benefits for both generation and T&D system 

capital investments. The results are conservative in that only weather related variation is 

considered for energy benefits, regional construction cost variation is considered for 

generation capital deferment and variation in substation utilization data is considered for 

T&D system capacity benefits. Additional sources of variation may increase the reliability 

option value of the NV Energy DR programs. 
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DSMore Results
Name: DR Residential Last Updated:

Customer Sector: Residential Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Residential

Start Year: 2014 Model File Name:

End Year: 2023 CAD File Name:

Notes: Program DB Name:

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) $24,493,944 $13,596,016 $10,897,927 1.80 $0.0276 

Total Resource Cost (TRC) - Adjusted* $24,493,944 $13,596,016 $10,897,927 1.80 $0.0276 

Utility Cost Test (UCT) $23,631,195 $13,596,016 $10,035,179 1.74 $0.0276 

Participant Cost Test (PCT) $7,721,295 $0 $7,721,295 

Ratepayer Impact (RIM) $23,631,195 $19,780,237 $3,850,958 1.19 $0.0402 

Societal Cost (SCT) $24,813,042 $13,596,016 $11,217,026 1.83 $0.0276 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $7,850,000 $1,100,000 $17,750,000 

Electric Benefits ($) $0 $1,167,910 $1,341,447 $23,631,195 

Gas Benefits ($) $0 $129,097 $129,097 $862,748 

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 7,359,316 7,359,316 73,593,159

Critical Peak Hour Demand (kW) 0 47,947 47,947 47,947

Gas Savings (therms) 0 211,635 211,635 2,116,350

Total On Peak Hours (kWh)

Total On Peak Hours (%)

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Portfolio Pro Results
Name: DR Residential Last Updated: 5/2/2014 15:00

Customer Sector: Residential Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Residential

Start Year: 2014 Model File Name: DSM_PortPro_April2013.xlsm

End Year: 2023 CAD File Name: Vegas_CAD_April2014.xlsx

Notes: Program DB Name: PD_Vegas_April2014.xlsx

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) $24,448,829 $13,596,016 $10,852,813 1.80 $0.277 

Total Resource Cost (TRC) - Adjusted* $24,448,829 $13,596,016 $10,852,813 1.80 $0.277 

Utility Cost Test (UCT) $23,586,081 $13,596,016 $9,990,065 1.73 $0.277 

Participant Cost Test (PCT) $7,251,534 $0 $7,251,534 $0.000 

Ratepayer Impact (RIM) $23,586,081 $19,310,477 $4,275,603 1.22 $0.393 

Societal Cost (SCT) $24,767,473 $13,596,016 $11,171,457 1.82 $0.277 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $7,850,000 $1,100,000 $17,750,000

Electric Benefits ($) $0 $1,165,672 $0 $23,586,081

Gas Benefits ($) $0 $129,097 $0 $862,748

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 7,348,438 0 73,484,375

Critical Peak Hour Demand (kW) 0 47,856 0 47,856

Gas Savings (therms) 0 211,635 0 2,116,350

Total On Peak Hours (kWh) 0 2,323,617 0 22,757,611

Total On Peak Hours (%) 31%

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Difference
Name: DR Residential Last Updated: 3/19/2014 11:28

Customer Sector: Residential Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Residential

Start Year: 2012 Model File Name: DSM_PortPro_April2013.xlsm

End Year: 2021 CAD File Name: Vegas_CAD_April2013.xlsx

Notes: Program DB Name: PD_Vegas_April2013.xlsx

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) 0.18% 0.00% 0.42% 0.18%

Total Resource Cost (TRC) - Adjusted* 0.18% 0.00% 0.42% 0.18%

Utility Cost Test (UCT) 0.19% 0.00% 0.45% 0.19%

Participant Cost Test (PCT) 6.48% 6.48%

Ratepayer Impact (RIM) 0.19% 2.43% -9.93% -2.19%

Societal Cost (SCT) 0.18% 0.00% 0.41% 0.18%

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) 0.00% 0.00% 0.00%

Electric Benefits ($) 0.19% 0.19%

Gas Benefits ($) 0.00% 0.00%

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0.15% 0.15%

Critical Peak Hour Demand (kW) 0.19% 0.19%

Gas Savings (therms) 0.00% 0.00%

Total On Peak Hours (kWh)

Total On Peak Hours (%)

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Option Value
Name: DR Residential Last Updated:

Customer Sector: 0 Avg Measure Life: 0.00

Region : 0 Energy Savings Curve: 0

Start Year: 0 Model File Name:

End Year: 0 CAD File Name:

Notes: Program DB Name:

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved Energy 

($/kWh)

Total Resource Cost (TRC) $38,446,498 $13,596,016 $24,850,482 2.83 $0.2769 

Total Resource Cost (TRC) - Adjusted* $38,446,498 $13,596,016 $24,850,482 2.83 $0.2769 

Utility Cost Test (UCT) $37,583,750 $13,596,016 $23,987,734 2.76 $0.2769 

Participant Cost Test (PCT) $7,721,294.61 $0 $7,721,295 

Ratepayer Impact (RIM) $37,583,750 $19,780,237 $17,803,513 1.90 $0.3932 

Societal Cost (SCT) $39,266,685 $13,596,016 $25,670,669 2.89 $0.2769 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $17,750,000 

Electric Benefits ($) $0 $37,583,750 

Gas Benefits ($) $0 $862,748 

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 7,359,316 7,359,316 73,593,159

Critical Peak Hour Demand (kW) 0 47,947 47,947 47,947

Gas Savings (therms) 0 211,635 211,635 2,116,350

Total On Peak Hours (kWh)

Total On Peak Hours (%)

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Viewed from the cost effectiveness ratios, the option value of for the energy, generation capacity and T&D system capacity benefits represent 

between a 57% and 60% increase in cost effectiveness value.  

Percent Increase in the Residential Program due to Option Value 

 

Tests Intrinsic Value by 

Portfolio Pro 

Intrinsic Value by 

DSMore 

Intrinsic plus Extrinsic 

Value by DSMore 

Increase (Percent) 

TRC – Total Ratepayer  1.80 1.80 2.83 57%  

UTC – Utility Value 1.73 1.74 2.76 59% 

RIM – Ratepayer Impact 1.22 1.19 1.90 60% 

SCT - Societal  1.82 1.83 2.89 58% 
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DSMore Results
Name: DR Commercial Last Updated:

Customer Sector: Commercial Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Commercial

Start Year: 2014 Model File Name:

End Year: 2023 CAD File Name:

Notes: Program DB Name:

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) $14,881,774 $13,355,231 $1,526,543 1.11 $0.000 

Total Resource Cost (TRC) - Adjusted* $14,881,774 $13,355,231 $1,526,543 1.11 $0.000 

Utility Cost Test (UCT) $14,881,774 $13,355,231 $1,526,543 1.11 $0.000 

Participant Cost Test (PCT) $9,841,206 $0 $9,841,206 

Ratepayer Impact (RIM) $14,881,774 $16,513,510 ($1,631,736) 0.90 $0.000 

Societal Cost (SCT) $15,038,419 $13,355,231 $1,683,188 1.13 $0.000 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $3,700,000 $1,725,000 $19,225,000 

Electric Benefits ($) $0 $742,627 $851,201 $14,881,774 

Gas Benefits ($) $0 $0 $0 $0 

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 5,167,799 5,167,799 51,677,990

Critical Peak Hour Demand (kW) 0 29,969 29,969 29,969

Gas Savings (therms) 0 0 0 0

Total On Peak Hours (kWh)

Total On Peak Hours (%) 25%

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Portfolio Pro Results
Name: DR Commercial Last Updated: 5/2/2014 15:04

Customer Sector: Commercial Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Commercial

Start Year: 2014 Model File Name: DSM_PortPro_April2013.xlsm

End Year: 2023 CAD File Name: Vegas_CAD_April2014.xlsx

Notes: Program DB Name: PD_Vegas_April2014.xlsx

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) $14,840,310 $13,355,231 $1,485,080 1.11 $0.384 

Total Resource Cost (TRC) - Adjusted* $14,840,310 $13,355,231 $1,485,080 1.11 $0.384 

Utility Cost Test (UCT) $14,840,310 $13,355,231 $1,485,080 1.11 $0.384 

Participant Cost Test (PCT) $9,628,545 $0 $9,628,545 $0.000 

Ratepayer Impact (RIM) $14,840,310 $16,300,848 ($1,460,538) 0.91 $0.468 

Societal Cost (SCT) $14,995,345 $13,355,231 $1,640,114 1.12 $0.384 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $3,700,000 $1,725,000 $19,225,000

Electric Benefits ($) $0 $742,018 $0 $14,840,310

Gas Benefits ($) $0 $0 $0 $0

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 5,208,333 0 52,083,333

Critical Peak Hour Demand (kW) 0 29,912 0 29,912

Gas Savings (therms) 0 0 0 0

Total On Peak Hours (kWh) 0 1,002,710 0 9,727,977

Total On Peak Hours (%) 19%

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.08 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.60

Net-To-Gross Ratio 100.0%
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Difference
Name: DR Commercial Last Updated: 3/19/2014 11:41

Customer Sector: Residential Avg Measure Life: 10.00

Region : Vegas Energy Savings Curve: DR_Residential

Start Year: 2014 Model File Name: DSM_PortPro_April2013.xlsm

End Year: 2023 CAD File Name: Vegas_CAD_April2013.xlsx

Notes: Program DB Name: PD_Vegas_April2013.xlsx

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved 

Energy ($/kWh)

Total Resource Cost (TRC) 0.28% 0.00% 2.79% 0.28% $0.292 

Total Resource Cost (TRC) - Adjusted* 0.28% 0.00% 2.79% 0.28% $0.292 

Utility Cost Test (UCT) 0.28% 0.00% 2.79% 0.28% $0.292 

Participant Cost Test (PCT) 2.21% 2.21% $0.000 

Ratepayer Impact (RIM) 0.28% 1.30% 11.72% -1.01% $0.409 

Societal Cost (SCT) 0.29% 0.00% 2.63% 0.29% $0.292 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) 0.00% 0.00% 0.00%

Electric Benefits ($) 0.08% 0.28%

Gas Benefits ($)

Incremental Energy & Demand Savings:

Electric Savings (kWh) -0.78% -0.78%

Critical Peak Hour Demand (kW) 0.19% 0.19%

Gas Savings (therms)

Total On Peak Hours (kWh) -100.00% -100.00%

Total On Peak Hours (%) 25%

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Option Value
Name: DR Commercial Last Updated:

Customer Sector: 0 Avg Measure Life: 0.00

Region : 0 Energy Savings Curve: 0

Start Year: 0 Model File Name:

End Year: 0 CAD File Name:

Notes: Program DB Name:

Stakeholder Perspectives & Tests Benefits (PV) Costs (PV) Net Benefits (PV) B/C Ratio

Cost of Conserved Energy 

($/kWh)

Total Resource Cost (TRC) $23,762,063 $13,355,231 $10,406,832 1.78 $0.3837 

Total Resource Cost (TRC) - Adjusted* $23,762,063 $13,355,231 $10,406,832 1.78 $0.3837 

Utility Cost Test (UCT) $23,762,063 $13,355,231 $10,406,832 1.78 $0.3837 

Participant Cost Test (PCT) $9,841,206.38 $0 $9,841,206 

Ratepayer Impact (RIM) $23,762,063 $16,513,510 $7,248,553 1.44 $0.4683 

Societal Cost (SCT) $24,247,842 $13,355,231 $10,892,611 1.82 $0.3837 

*Includes rebates paid to freeriders

Utility Savings & Costs* 2014 2015 2016 Total Project

Total Utility Investment ($) $0 $19,225,000 

Electric Benefits ($) $0 $23,762,063 

Gas Benefits ($) $0 $0 

Incremental Energy & Demand Savings:

Electric Savings (kWh) 0 5,167,799 5,167,799 51,677,990

Critical Peak Hour Demand (kW) 0 29,969 29,969 29,969

Gas Savings (therms) 0 0 0 0

Total On Peak Hours (kWh)

Total On Peak Hours (%)

*Savings in this section are adjusted for line loss and net-to-gross

Financial Data Secondary Benefits

Discount Rate: 8.09% Other Savings $0

Rate Escalator: 1.65%

Inflation Rate (T&D): 2.59% Scenarios:

Line Loss (Energy): 4.00% Measure Life 100%

Line Loss (Demand): 8.90% Energy Savings 100%

Avoided T&D Capacity $/MW: $12,231 Avoided Energy Cost 100%

Environmental Adder (SCT only) 10.00% Avoided Capacity Cost 100%

Electric Retail Rate ($/KWh): $0.11 Incremental Measure Cost 100%

Gas Retail Rate ($/therm) $0.61

Net-To-Gross Ratio 100.0%
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Viewed from the cost effectiveness ratios, the option value of for the energy, generation capacity and 

T&D system capacity benefits represent between a 60% and 61% increase in cost effectiveness value.  

Percent Increase in the Commercial Program due to Option Value 

Tests Intrinsic 

Value by 

Portfolio Pro 

Intrinsic Value 

by DSMore 

Intrinsic plus 

Extrinsic Value 

by DSMore 

Increase (Percent) 

TRC – Total 

Ratepayer  

1.11 1.11 1.78 60%  

UTC – Utility 

Value 

1.11 1.11 1.78 60% 

RIM – Ratepayer 

Impact 

0.91 0.90 1.44 60% 

SCT - Societal  1.12 1.13 1.82 61% 

 

 

Cost Effectiveness Model Process 

Based on models and analyses as described in Appendixes 3 and 4, DSMore was used to 

develop the total capacity avoided costs (generating capacity plus transmission and 

distribution (T&D) capacity costs). The expected value is the intrinsic component of the total 

DR value. The expected avoided cost values ($/kW-year) were as provided by NV Energy as 

reported to the Commission16.  DSMore additionally reports the option value. The reported 

option value is the sum of intrinsic and extrinsic. The difference between the expected and 

the option value is the extrinsic value component. The DSMore option value includes the full 

distribution of generation energy, generation capacity and T&D system capacity. T&D 

capacity is based upon the spatial projection of loads for the years through the life of the 

program, and five categorizations of the NVE substations were aggregated into three groups 

as follows:  

 

 Those with a capacity utilization either above the max capacity now or above 90% by 

2020 under both average weather loads and 90% weather loads 

 Those with a capacity utilization above 80% by the year 2025 under both average 

weather loads and 90% weather loads 

 The remaining service areas: all that do not require upgrades before the year 2025 

 

Summary Results and Next Steps 

It has been well investigated and documented that DR programs provide a reliability option 

in the case of extreme system emergencies and the value of DR consists of both the intrinsic 

and extrinsic components of option value
17

. This report demonstrates how the extrinsic value 

of demand response programs in the NV Energy portfolio can be estimated using historical 

                                                 
16 See, the First Amendment to the 2013-2032 Integrated Resource Plan, Docket No. 14-05003. 

17 See, for example, Sezgen, O., C. A. Goldman, P. Krishnarao, 2005, “Option Value of Electricity Demand Response”, Lawrence 

Berkeley National Laboratory: LBNL-56170, October. 
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data on weather, load and energy prices and a Monte Carlo method based valuation tool. It is 

demonstrated that Portfolio Pro and DSMore produce almost identical results for the intrinsic 

value of DR programs, suggesting that Portfolio Pro is a useful financial analysis tool for 

intrinsic value calculation while DSMore has the potential to provide a more comprehensive 

estimation of both the intrinsic and the extrinsic value of the DR programs.  

 

Three components of option value have been considered– energy, generation capacity, and 

T&D capacity. Only energy is weather dependent. For energy, the analysis specifically 

focuses on the weather option value, but that is conservative because other risks are present 

which are not explicitly valued. Monte Carlo simulation is used for the energy option value. 

 

The capacity value sets the strike price at the expected cost of capacity – meaning for costs 

below that DR would not be deployed, but above that DR would be deployed and the value is 

directly related to how much prices exceed the expected.  Black Scholes is used for the 

capacity option value.  

 

There are other alternatives than DSMore to derive the insurance value of demand response.  

For example, a market based insurance product could be used as a price comparator for DR 

programs. Such a financial product should be the most expensive of three key choices – DR, 

traditional capital development (generation and T&D), and a 10-year financial option on 

NVE’s extreme market price risk.  This assumes that NVE is not subject to brown or black 

outs, which a financial option could not prevent, regardless of the cost, but DR could prevent. 

 

For the exercise conducted for this report, however, it is important to remember the context 

of the benefits reported and the interpretation of a positive TRC value.  The value of the DR 

program as analyzed is relative to the cost of alternative supply, which should include 

options on the energy market. A TRC ratio of one means the cost of DR is the same as the 

cost of the alternative from the perspective of the community.  

 

From a long term resource planning perspective, incorporation of the stochastic methodology 

essentially reveals that the cost of alternative supply-side measures could be significantly 

higher – as things get worse the cost goes up. This is the classic definition of a short position. 

DR is a long position – as things get worse the DR is more valuable. As such, DR is a 

physical hedge against the very type of volatile market conditions that have already occurred, 

and which can be described by using historical data and trends for future energy price 

forecasts.  Excluding the insurance value of DR does not take into account  volatility of 

weather, load, and energy prices. 
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Appendix 1 – Proof of the Option Value Result 

The extrinsic value is equivalent to owning a reliability option where the underling is the 

spread between system capacity and actual load.  It represents an insurance policy against 

low probability, high consequence events.  Other option value exists as well.  For example, a 

demand response program can be scaled up or scaled down by adding more or less 

participants as information about summer resource adequacy becomes available.  Demand 

response programs can also be used to delay costly infrastructure development projects. The 

added value can be calculated using the same tools insurance companies use to price 

insurance policies, or commodity trader’s use to price options. As stated earlier, DSMore 

uses a Monte Carlo approach to calculate the operational energy option value. To capture the 

capacity deferment option value DSMore uses the Black Scholes equation, evaluated at the 

expected capacity cost. The idea is that below the expected value, NV Energy would choose 

to forgo the DR capacity option and build traditional capital infrastructure. Above the 

expected value, the DR option is cost-effective and would be used to defer capital projects. 

Black Scholes is used for both generation deferment and T&D capacity deferment.  

Monte Carlo Model Description for Energy Option Value  

The enumeration of the Monte Carlo price simulation is imbedded in DSMore. In general, 

Monte Carlo simulation uses a three step process to evaluate options. First, the uncertain 

underlying values are identified and evaluated. Each uncertain variable is characterized by its 

probability distribution at continuous time points through the life of the project. Second, the 

covariance structure is established between each uncertain variable. The distributions for 

price and load, as well as the weather covariance for each are provided in a separate 

document generated by the DSMore set-up process. Third, random or pseudo-random 

numbers are used to sample the probability distributions. Applied to the cumulative 

distribution the process generates samples consistent with the underlying uncertainty. To 

perform this hourly analysis DSMore correlates historic loads and prices to actual historic 

weather.  These relationships (along with the covariances) between loads, weather and price, 

and the probability distributions of these relationships, are used within DSMore to calculate 

close to 700 different market/load/price scenarios, each with a unique test result.   

Using the MEAD forward price hub, actual NV Energy load shapes and the Las Vegas 

temperature histories, DSMore reports every 5
th

 percentile – 5% through 95%, maximum and 

minimum, or 21 unique market/cost/price scenarios, for each weather year.  Typically, 

DSMore uses 33 years of weather as a default number of weather year scenarios, yielding 

693 (33 weather scenarios x 21 market scenarios) cost-effectiveness test results to reflect a 

full spectrum of possible valuations of a particular program.  Using slightly more than 30 

years insures that any statistical conclusions or confidence intervals which depend on T-tests 

are asymptotically equivalent to a Z-test, given that n=30 or more.  Therefore, the use of 

additional weather years does not improve the outcomes, and merely adds unnecessary 

processing time. Figure 5 below shows how the weather/price scenarios capture the extremes 

in temperature, which are not condiered in an  averaging type of avoided cost methodology. 

In this exhibit, Las Vegas temperatures, NV system loads, and Palo Verde hourly prices for 

the period of 6-1-2011 through 9-30-2011 are used to demonstrate the multiplicative effects 

of weather covariance.  The Y axis is of hourly price times system load. In the actual 
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GARCH modeling process, the MEAD daily prices are used to establish the long-term price 

forecast, and hourly prices are used to assure the hourly price shape is consistent with actual 

historic observations.  

 

Figure 5. NV Weather Covariance  

DSMore uses a highly detailed GARCH price process to evaluate prices and loads. A full 

description of the price process is provided below in Appendix 2. The results of the 50
th

 and 

95
th

 price forecast are provided in the next section of this Appendix (see Figure 8). From this 

data the price volatility is determined, over the life of the project. We use an annualized 

volatility of 30.7% (see Figure 8). This price process focuses on weather related price 

uncertainty. Unlike other factors driving price volatility, weather uncertainty is structurally 

consistent over the life of the program and historically observable. As such, our price 

volatility is conservative.  

Characterizing Uncertainty in Program Value  

The previous results represent the linear model for calculating program value. When the 

portfolio contains options, the linear model can only approximate the actual portfolio value. 

The Linear model does not take into account the gamma of the portfolio.  The gamma causes 

a skew in the relationship between avoided cost uncertainty and program value as shown in 

the following Figure 6. 

 

 

 

 

 

 

Figure 6. Skewed Program Value Distribution (Illustration) 
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How does the skew occur? Demand response programs have a multiplicative benefit as the 

system demand approaches system capacity. During these reliability events, often driven by 

extreme temperatures, prices correlate with loads. Higher prices and higher loads equate to 

higher program value at the extreme reliability events. During non-reliability events, the 

program converges back to program cost in effect capping the downside program value at 

delivery cost. Average price models only capture the interactions at the average. To fully 

capture the total program benefits, the program must be evaluated across the entire 

probability density function. More precisely in this application where price and load correlate 

with temperature, the program must be evaluated across the entire joint probability density 

function. 

Linear models evaluated at the average – average savings, average energy price, average 

capacity price and so on – assume that the impact of uncertainty on portfolio value is 

normally distributed and although distribution may widen, the expected value remains 

unchanged. However, the assumption is not correct for non-linear relationships.  

Most models used today to value energy assets assume a linear or normally distributed payoff 

i.e. for every hour H, portfolio returns = expected P x expected Q, where returns, P and Q are 

assumed to be normally distributed. This assumption is incorrect for most energy assets. 

Viewed from well known Risk Management literature, change in portfolio value is most 

frequently measured using one of four methods: 

1. Distribution of Portfolio Returns 

2. Rate of Portfolio Return 

3. Delta-Normal  

4. Delta-Gamma 

 

Mathematically these are described as follows.  

 

1. Distribution of Portfolio Returns 

                                

 

dP is portfolio return, z is a standard normal z-statistic, σ is the standard deviation of the 

portfolio returns and µ is the expected value  

 

where the portfolio return is normally distributed  

 

2. Rate of Portfolio Return 

                                  

 

where σ is the standard deviation of the return, and is normally distributed  

 

3. Delta-Normal  

For a single risk factor  , and      is normal 
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4. Delta-Gamma 

By adding terms to the Taylors expansion 

 

   
  

  
   

 

 

   

   
         

 

 
                   

 

 
        

 

For convex relationships in the portfolio returns, methods 1, 2, and 3 are STRICTLY LESS 

THAN method 4.  

        
 

 
     

 

On the right hand side of the inequality, the first term is equal to the intrinsic value and the 

second term is equal to the extrinsic value. Together, the total value of demand response 

programs is known. Portfolio Pro values the first term on the right hand side of the 

inequality. The IA solution measures the total value by fully enumerating the probability 

distribution and the “option value” of convex payoff opportunities. Specifically, the convex 

payoff refers to the weather effect of extreme reliability events. These opportunities are only 

found in stochastic models.  

 

Given a program value equals 

 

Where: 

is the change in program value  

 

defines the linear change in program value equal to the intrinsic value 

component  

 

defines the non-linear change in program value equal to the extrinsic  

value component 

 

For positively skewed portfolios the second term on the right hand side is strictly positive.  

Failure to account for the skewed relationship results in a under valuation of the demand 

response portfolio, as shown in the following Figure 7. Although both distributions are 

evaluated at the mean, the mean of the skewed distribution is greater than that of the normal 

distribution due to the convex relationship. The difference between the linear and non-linear 

value components is equal to the option or insurance value of the demand response program. 

The total value includes both the intrinsic linear value and extrinsic non-linear value 

components.  
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Figure 7. Positive Gamma Impact on Portfolio Value (Illustration) 

 

Jenson’s Inequality 

A more formal proof can be found using Jenson’s Inequality.18  Let x be a real valued random 

variable and      be a real valued, integratable function convex in x. Let       denote taking 

expected values.   
 

Then, Jensen’s Inequality in probability theory says that:  

 

   [ ]   [    ] 
 

Jensen’s Inequality in probability theory is an extension of the inequality in real numbers, 

which has the following example related to finite sampling inference: 

 

Example: Let function      be a function convex in t. Let random variable x have samples 

            , its sample average: 
           

 
  ̅ , the function value evaluated  ̅ is    ̅ , 

the sample average of the function f evaluated at sample              is [            
        ]  , then we have: 

 

   ̅  [                    ]   

 

Simply stated, Jenson’s Inequality tells us that when the DR program benefits contain a 

convex relationship in the program value, using averages or deterministic values based on 

expected results undervalues the program.  

 

In order to accurately measure the insurance value of DR, the underlying risk factors are 

evaluated through their full probability distribution. Specifically in our case we look at the 

                                                 
18 Jensen, J. L. W. V. (1906). "Sur les fonctions convexes et les inégalités entre les valeurs moyennes". Acta Mathematica 30 (1): 175–193. 

doi:10.1007/BF02418571. 
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uncertainty of energy prices and capacity costs through the life of the program.  

The uncertainty around energy prices and capacity costs represent two classes of options– 

energy options and capacity options. Although each of these could be evaluated using the 

well-known Black Scholes equation, the energy class of DR optionality is best evaluated 

using Monte Carlo Simulation. This is because the operational dispatch of a demand response 

program is more complicated than a simple financial option on a capital construction project. 

DR programs typically have a multi-year time horizon. For example, 10 year DR option is 

more valuable than a 1 year option because there is higher likelihood that reliability events 

would occur viewed over 10 years. For this reason it is important to evaluate DR programs 

over the life of the program, rather than the immediate summer season only. DR programs 

can be deployed many times over a summer season, or can be economically dispatched. The 

interaction between energy prices and the savings attributed to the DR program contains a 

complex weather correlation – as weather increases, the correlation price and savings 

strengthens. Monte Carlo methods allow the complexities of DR programs to be included in 

the analytics.  

 

Electricity market prices used by NV Energy are based on daily Mead prices but shaped by 

the hourly Palo Verde prices. From the NV ENERGY, INC. OPERATING COMPANIES 

OPEN ACCESS TRANSMISSION TARIFF (OATT), Schedule 4, starting on page 146: 

“Zone B: The on-peak and off-peak daily Mead/Marketplace Index prices shaped by the Palo 

Verde hourly index report shall be used.”  Evaluating these prices over the life of the 

program, we find a variation in price, or price volatility, causing uncertainty around the 

expected prices.  The expected or average price and the 95
th

 extreme price are shown in 

Figure 8. The difference represents a 30.7% variation. The 50
th

 and 95
th

 percentile prices 

represent the participant weighted expectations over the 10 year life of the program. The 

variation is calculated over 30 years of weather data and an error term representing variation 

due to factors other than weather.  

 

 

    Program Weighted Prices 

 

 

 

   Figure 8. Price Distribution  

 

The prices are further characterized by the following log-logistic distribution. The 

distribution uses the calculated Program Weighted Prices table to calibrate the distribution 

parameters.  

 

 

Percent 30.7%

50th 60.75$    

95th 79.38$    
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Figure 9. Log-Logistic Distribution 

 

The extrinsic value depends on the market price and load/weather volatility, life of the 

program, etc.  To capture the capacity deferment option value we use the Black Scholes 

equation, evaluated at the expected capacity cost. The capacity option value is further 

described below in Appendices 3 and 4.  

 

output

gamma 22 location parameter

beta 37.42292  > 0 scale parameter

alpha 6.891799  > 2 shape parameter  > 1 to finite mean; > 2 to have finite variance

input = Fitted value     + Error

0th (minimum) 22 = 22 0

mean 60.75 = 60.7510936 -0.001093605

95th 79.37 = 79.37 0

total_error 1.19597E-06

60.75151468 79.37804
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Appendix 2 – Historical Causal Simulation Method (DSMore) 

Weather Forecast 

Cross-sectional and time series models, multivariate time series models and other 

econometric models, e.g. GARCH models, are used to define the relationship between price, 

energy demand and weather. By regressing prices and demand on the same historic weather 

data, the implied covariance between price and demand is retained in the forecast equations. 

Daily average electricity prices, denoted by   
 ,  are regressed on daily data of one year 

length.   

(8) 

Where 

 1f : The underlying regression function 

   
    Daily average electricity price of day   

 tP


:  Past daily average electricity price vector at day t  

 tW


   Past weather condition vector at day t  

tY


:  Seasonality variables vector at day t   

tX


:  Other independent variables vector at day t  

t : White noise error terms at day t  

 

In the above, the underlying regression function 1f  takes arbitrary function form, linear or 

nonlinear, in inputs, vector or scalar. For example, 1f  can be an ARIMA model with 

regressors. tP


is a vector of past daily average electricity prices. It serves as an autoregressive 

component of the regression function 1f .  The past weather condition vector of day  , tW


, 

contains weather information such as temperature, humidity, etc. The vector of seasonality 

variables of day t , tY


, contains seasonal dummy indicator variables. It serves as the 

seasonality component of the regression function 1f . 

 

The Generalized Auto-Regressive Conditional Heteroskedasticity (GARCH) model is used 

for the solution. The method focuses on the persistence of volatility over time; incorporates 

past measures of volatility into the current volatility and incorporates shocks to the current 

return. The conditional variance ht depends on its own past values as well as on lagged 

values of the error terms.  

 

       

     (9)      

      

Volatility depends on all the past values of the error terms. This can be seen by solving 

recursively: 
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                      (10) 

 

Hourly Price Shapes 

Let the set
P
 , we call it Price Shapes, to be the set of historical hourly prices of each 24-

hour day. That is, 

n

i

H

i

H

i

H

iP
PPP 124,2,1, ]},...,,{[  

 

where H

kiP, denotes the historical price of hour k of day i  and n  is the total number of 

historical days, 241  k  and ni 1 . To further simplify the notation, we use iP


 to denote 

the 24-hour prices of day i , i.e. iP


= ],...,,[ 24,2,1,

H

i

H

i

H

i PPP .  

 

Hourly prices iP


 are then drawn randomly from 
P
 with probability n/1 . Suppose that jP


is 

the current random sample of 24-hourly prices, we rescale each coordinate of jP


by a 

common scalar  such that the resulting daily average price is equal to D

jP . That is,  

                                      

D

j

k

H

kj
P

P




24

1

,

24
                                                            (11) 

Note that D

jP  is obtained from (8) using the regressors corresponding to the day j .  We 

denote the   scaled scalars H

kjP ,  by H

kjP , . Under the context where there is no confusion 

about day j , we will write: H

kP for simplicity. 

Hourly Demand Forecast 

Hourly electricity demand 
H

kQ  is regressed on hourly data as follows: 

   

                     (12) 

Where 

2f : The underlying regression function 

 
H

kQ : Hourly electricity demand of hour k  

 kQ


:  Past hourly historic energy consumption vector 

 tW


:  Past weather condition vector at day t which hour k belongs to 

kY


:  Seasonality variables vector at hour k  

kX


:  Other independent variables vector at hour k  

k : White noise error terms at hour k  
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In the above, the underlying regression function 2f  takes arbitrary function form, linear or 

nonlinear, in inputs, vector or scalar. For example, 2f can be an ARIMA model with 

regressors. kQ


is a vector of hourly historic energy consumptions. It serves as an 

autoregressive component of the regression function 2f .  The weather condition vector tW


 

contains weather information such as temperature, humidity, etc. The vector of seasonality 

variables, kY


, contains seasonal dummy indicator variables. It serves as the seasonality 

component of the regression function 2f . 

 

Price and Demand Covariance  

Let the historical daily weather data set denoted by 
W
 . Note that 

W
 is a set whose 

elements is tW


 and 
W
 has large number elements. Let N be the number of elements in the 

set 
W
 . The probability of drawing any sample from 

W
 is N/1 . For each random sample 

tW


 drawn from 
W
 , we compute the pair: { H

k

H

k PQ , }  using (12),  (8) and (11). We define 

the resulting set of pairs to be: 

 
k

PQ, = },,|),{(
)11()8()12( Wt

H

k

D

tt

H

kt

H

k

H

k WPPWQWPQ 


               (13) 

 

Causal Simulation  

Forward prices are then drawn randomly from the set of historic causal forecast data. That is: 

 

For hour 1k , we randomly draw the pair {
H

k

H

k PQ 11,  } from k

PQ,  as in (13) to form the set 

1k

CS
 whose elements will be used as samples of forward prices. 

 

In this method, the distribution of prices and quantities at time k+1 are drawn from the causal 

forecast over several years of historic weather data. Each forecast observation is a possible 

scenario or draw of the distribution at hour k+1.  
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Appendix 3 – Cost Variation for Generation Option Value as Modeled by 

the National Energy Modeling System (NEMS) Electricity Markets Module 

(EMM) 

Demand response programs also provide capacity option value. The added value can be 

calculated using the same tools insurance companies use to price insurance policies, or that 

commodity traders use to price options. As stated earlier, we use a Monte Carlo approach to 

calculate the operational energy option value. To capture the capacity deferment option value 

we use the Black Scholes equation, evaluated at the expected capacity cost. The idea is that 

below the expected value, NV Energy would choose to forgo the DR capacity option and 

build traditional capital infrastructure. Above the expected value, the DR option is cost-

effective and would be used to defer capital projects. Black Scholes is used for both 

generation deferment and T&D capacity deferment. Black Sholes is appropriate for a 

capacity option because the increase in value is a linear function of the difference between 

the expected cost of capacity and the variation surrounding the capacity cost. Stated another 

way, as the underlying rises above the strike price, the payoff increases at a constant slope. 

Black-Sholes also assumes a log-normal distribution around the mean, which is an acceptable 

proxy for the impact of uncertainly on construction costs.  
 

For the NV Energy capacity option, a proxy for the risk of price spikes on construction cost 

is needed. Inputs to DSMore include the U.S. Energy Information Administration (EIA) 

updated estimates of power plant capital and operating costs and regional cost adjustments 

for technologies modeled by NEMS by Electric Market Module (EMM) region, AEO 2012 

EMM Assumptions document, aggregated to the appropriate Electricity Market Module 

region in order to represent regional cost factors in NEMS. The data represents the cost 

differences of comparable fossil generation technologies across the various NERC regions 

represented in the NEMS model. The variation in cost reported by the EIA NEMS model is 

used as a proxy for the cost variation possible in the NV Energy service territory, as similar 

factors that drive variation in construction cost nationally pose risk to similar NV Energy 

capital construction projects locally. Specifically, the variation in the NEMS data is used to 

calibrate the volatility term in the Black Scholes equation.  
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Appendix 4 – LoadSEER Analysis for T&D Option Value Modeling 

LoadSEER (Spatial Electric Expansion & Risk) is a spatial load forecasting system designed 

specifically for utility planners who face increasingly complex grid decisions caused by 

emerging micro-grid technologies, extreme weather events and new economic activity.  For 

this report, LoadSEER was used to statistically represent the geographic, economic and 

weather diversity across the utility service territory, and to create a forecast of regional peak 

loads over the planning horizon.  Importantly, a vast utility LoadSEER database was built to 

insure consistency with Corporate and System level sales forecasting projections, creating 

more defensible long term regional forecasting assumptions. 

 

In general, customer class load research can be modeled to assess the weather sensitivity of 

the hourly loads by customer class.  The load research hourly data was modeled and found to 

respond to: Temperature (capture volatility from extreme temperatures), Time of day (each 

customer type will require peak power at different levels at different times of the day), and 

Day of week (weekends and statutory holidays generally use less power than weekdays).  

These customer class loads were modeled across 40 years of historical hourly weather and 

calendars for each of the 6 weather zones. A complete set of load predictions was completed 

for each of the customer class loads under all known historic weather conditions.  Chart 1 

illustrates the load volatility associated with each of the weather stations. 

 

 
Chart 1: 24 hour weather normal residential load shapes by weather zone. 

 

LoadSEER is used to model growth.  Small areas grow whenever construction occurs.  

Vacant land turns to commercial, residential or industrial and areas surrounding that, 

generally, begin to populate.  The distribution substations that serve these areas begin to 

grow in load requirement as the area fills in.  At some point, the growth in an area will taper 

off because the area fills in.  The process results in feeder growth that starts slowly, grows 

quickly and then slows down significantly because very little growth can occur where there is 

no more room for development to occur, unless re-development occurs.  Growth will then 

move to other vacant areas.  The smaller the area that is looked at, the faster growth will 

occur when activity in that area begins.   

 

The most important point about small area growth is that development in a small area is the 



  Page 258 

 

result of land use and transportation influences that take place in neighboring areas.  These 

geographically defined influences, such as employment centers, arterial roads, retail centers, 

parks, and industrial yards etc. include both positive influences (attractors) and negative 

influences (detractors) of load growth.  These attractors and detractors were statistically 

joined in LoadSEER’s land use model to calculate the spatial probability of Residential and 

C&I growth for every square mile in the utility service territory, respectively.   

 

Load Growth, Asset Utilization and Avoided Capacity Value 
LoadSEER forecasts new load in future years as more customers are added to each service 

area.  The same logic that was used to estimate service area base loads was applied, i.e., 

when load growth occurs in a given square mile, it is assigned the appropriate load shape for 

the specific customer class and weather zone, and is then added to the corresponding service 

area.  The following Maps provide a view of the forecasted peak loads and corresponding 

T&D capacity value for each substation in the NVE Las Vegas service area starting with the 

base year level of load and then moving through the life of the demand response program (all 

years are not shown, but available in a separate document). The average value of capacity is 

set to the NVE expected value. However, by analyzing the system utilization rates of actual 

assets, the variation in T&D avoided capacity costs can be used in DSMore to calculate the 

option value of T&D avoided capacity, where demand response programs provide a 

reliability benefit in the case where T&D capacity expansion projects can be reality deferred 

or eliminated  

 

The variation in the locational value of T&D avoided capacity is shown in the charts below.  
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Given the projected loads for each service area, the capacity of the system is checked to 

assess when the load growth could be creating a reliability risk.  The assessment occurred at 

two levels for loads and distribution capacity.  First, peak loads were examined at a normal 

level (50% level) and at an extreme level (90% level) using the analysis of load research data 

previously discussed.  The 90% level represents a 1 in 10 year level of occurrence.  And 

second, the distribution system capacity was computed at a normal level and at a maximum 

level.    Given this data, the service areas were placed into five categories according to the 

following definitions: 

 

1. Those needing additional capacity – loads today at the 50% level exceed the normal 

capacity and loads at the 90% level exceed 90% utilization of the max capacity 

2. Those needing additional capacity by 2020 (5 years) – loads in 2020 at the 50% level 

exceed 90% of the capacity utilization at normal capacity and loads at the 90% level 

exceed 90% capacity utilization at max capacity 

3. Those needing additional capacity by 2025 (10 years) – loads in 2025 at the 50% 

level exceed 80% of the capacity utilization at normal capacity and loads at the 90% 

level exceed 80% capacity utilization at max capacity 

4. Those needing additional capacity by 2030 (15 years) – loads in 2030 at the 50% 

level exceed 50% of the capacity utilization at normal capacity and loads at the 90% 

level exceed 50% capacity utilization at max capacity 

5. Those not needing additional capacity by 2030 – loads at the 90% level never exceed 

50% of the max capacity utilization 

 


