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Abstract 

 

One energy policy objective in the United States is to promote the adoption of technologies that 

provide consumers with stable, secure, and clean energy. Recent work provides anecdotal 

evidence of natural gas (NG) and renewable electricity (RE) synergies in the power sector, 

however few studies quantify the value of investing in NG and RE systems together as 

complements. This paper uses discounted cash flow analysis and real options analysis to value 

hybrid NG-RE systems in distributed applications, focusing on residential and commercial 

projects assumed to be located in the states of New York and Texas. Technology performance 

and operational risk profiles are modeled at the hourly level to capture variable RE output and 

NG prices are modeled stochastically as geometric Ornstein-Uhlenbeck (OU) stochastic processes 

to capture NG price uncertainty. The findings consistently suggest that NG-RE hybrid distributed 

systems are more favorable investments in the applications studied relative to their single-

technology alternatives when incentives for renewables are available. In some cases, NG-only 

systems are the favorable investments. Understanding the value of investing in NG-RE hybrid 

systems provides insights into one avenue towards reducing greenhouse gas emissions, given the 

important role of NG and RE in the power sector. 
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1.  Introduction 

Although natural gas (NG) and renewable electricity (RE) have traditionally competed for market 

share in the United States power sector, there is growing potential for the two to be used 

synergistically as complements. Both NG and RE benefit from abundant domestic resource bases, 

and for electricity generation, they exhibit different but complementary cost and operational risk 

profiles. Power from RE technologies hedges fuel price risk that is introduced by NG-fired 

generation given its zero fuel costs (and thus low and stable operation and maintenance (O&M) 

costs), but it requires higher upfront capital expenses. On the other hand, NG-fired generation 

requires lower capital costs and has the ability to rapidly ramp output in response to variable 

output from some RE sources, particularly solar and wind. The alignment of NG and variable RE 

(VRE) operational and cost profiles suggests that NG and VRE have potential to work as 

complements as opposed to competitors.  

While recent work provides anecdotal evidence of NG-RE synergies in the power sector 

(e.g., see Lee et al. (2012) and Cochran et al. (2014)), few studies in the literature quantify the 

value proposition of project-level end-use applications comprised of both NG and RE. Some 

analyze the complementary nature of NG and RE at the grid level, take a portfolio optimization 

approach to analyze an electricity portfolio, or analyze single-technology distributed generation 

applications, but to our knowledge, these studies do not examine project-level case studies that 

consider the use of both RE and NG in harmony. The purpose of this paper is to fill this gap by 

quantifying the value of investing in hybrid NG-VRE relative to their single technology 

alternatives or business-as-usual in distributed applications. We focus on stand-alone 

configurations for single homes and critical services buildings composed of NG microturbines 

and solar photovoltaics (PV), two technologies that are commercially available today and which 

have sufficient public data to enable valuation of these systems while also allowing hourly 

operations to be modeled. We implement two different methodologies, traditional discounted 

cash flow (DCF) and real options analysis (ROA) frameworks. This provides robustness to the 

findings, showing that the conclusions are constant despite which method is used. It also provides 

insight about the implications of fuel price volatility and electricity rate structure for valuation. 

Lastly, we focus on project economics in New York and Texas, two states that offer comparative 

investment conditions given their distinct energy resource bases, market conditions, and climates. 

The remaining of this paper is organized as follows. Section II provides motivation for 

our choice of applying both DCF and ROA methodologies. Section III summarizes existing 

research in this area and highlights the gaps in the literature that we hope to narrow. Section IV 

identifies cash inflows and outflows for DG systems and describes how DCF and ROA are 
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applied. Section V details the natural gas price modeling methodology, as it is the main source of 

uncertainty captured in this analysis and is characterized by a stochastic process. The business 

case designs and assumptions are provided in Section VI, and Section VII summarizes results. 

The paper concludes in Section VIII with an overview of policy implications and areas ripe for 

future research. 

2. Methodology Overview 

From the consumer’s perspective, or the system owner end-user’s perspective, investment 

decisions concerning distributed generation (DG) units theoretically involve some assessment of 

uncertainty in electricity and fuel prices. The former are considered relatively fixed for utility 

customers (either through standard or time-of-use (TOU) rate structures), but the latter introduce 

significant uncertainty, which has implications when considering cash flows from energy 

investments. While DCF analysis provides tractable and easily interpretable investment decision-

making support, it ignores characteristics inherent to power generation investments, namely 

uncertainty and irreversibility, and it assumes that the underlying conditions are stationary and 

definite throughout project life.
1
 

This can be a costly assumption when cash flows are actually uncertain, which is the case 

for many energy investments. The value of power generation technologies is a function of the 

system’s expected lifetime, investment costs, financing structure, and discounted cash flows, the 

last of which comprises several underlying uncertain and often volatile system attributes related 

to operations and output, the price of fuel, technological efficiency, technology costs, and the 

price of electricity. Traditional DCF assumes predefined and constant discount rates even though 

risk varies depending on technology, performance, and the other aforementioned risks.
2
 

Uncertainty in DCF can be handled in a risk-adjusted discount rate, but this is still a static 

treatment of uncertainty that does not account for the dynamic variation of cash flow risk through 

time.  

On the other hand, more advanced methodologies have been developed to account for 

uncertainty, such as probabilistic DCF as well as DCF within a portfolio of scenarios. Rather than 

taking this approach, we focus on modeling the uncertainty of input prices (stochastic NG prices 

and the hourly variability of RE output) given their implications for the relative risk profiles of 

                                                        
1 This is only one construct of DCF, however. One could project variable prices (as we do in this analysis) into 
DCF over time and then express this in NPV terms.  
2 It is important to note that although DCF techniques assume constant discount rates, the net present value 
method can easily accommodate the term structure of interest, which makes it an advantage over the internal 
rate of return method. 
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NG and RE, which are then projected into DCF over time and expressed in NPV terms. This 

allows us to capture the complementary risk profiles of NG and RE at the hourly level in our 

valuations. 

An alternative valuation tool to overcome some of the limitations of DCF is the stochastic 

modeling approach of Real Options Analysis (ROA), which incorporates uncertainty directly into 

the investment model. Options analysis originated in the field of finance (Myers, 1984) and has 

been developed for use of management and budgeting decisions since the early 1990s (Dixit and 

Pindyck, 1994; Trigeorgis, 1996; Copeland and Antikarov, 2001).  

The intuition behind ROA is this: having options allows for gains on the upside of 

uncertainty and reductions on downside potential. Thus, the ability to make decisions in reaction 

to risk skews the distribution of possible outcomes towards the upside, increasing the overall 

value of the project. When investments are characterized by uncertainty and irreversibility, the 

traditional NPV rule can be wrong (Pindyck, 2008) and valuation grounded in pricing options is 

sometimes viewed as superior (Dixit and Pindyck, 1994; Sick, 1995; Trigeorgis, 1996; and 

Abadie and Chomorrow, 2009). Ultimately, ROA allows for better treatment of volatility relative 

to DCF so that the extent of uncertainty and its implications are not underestimated.  

Energy investments are particularly suitable for ROA, exhibiting unique characteristics 

that distinguish them from many other investments. First, they are at least partially (if not 

completely) irreversible. Second, they are subject to significant uncertainty as they face price 

volatility, technological change, and policy and regulatory uncertainty, and ROA explicitly 

reflects the impact of volatile input prices on investments. Power generation investments face 

many sources of risk that change throughout time, and assets consisting of both NG and RE 

technologies add even more uncertainty to the investment decision relative to single-technology 

assets since both fuel price volatility and RE output variability impact returns. In general, when 

uncertainty is high, there is greater value in the option to invest, and thus there is a greater 

incentive to keep options open (Pindyck, 2008). 

Any decision that involves sunk costs can be viewed in a ROA framework, such as 

opening or closing a mine, installing scrubbers on a coal-burning power plant, or signing a long-

term fuel contract. When the “investor” is a homeowner or firm considering distributed energy 

solutions, one can imagine ROA applications in the context of having the option to invest in a DG 

project beyond a business-as-usual (BAU) case of purchasing electricity and NG from local 

utilities. This “option to expand” is the case explored here, as it is possible to wait for more 

information before exercising the option since there exists an opportunity cost associated with 

investing now rather than waiting.  
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This paper focuses on the option to expand given a priori that the investment decision-

maker is considering a DG system relative to BAU, implementing both a traditional DCF analysis 

and a ROA for valuing NG-RE hybrid investments relative to their single-technology alternatives. 

Presenting results from both DCF and ROA perspectives provides robustness and a higher degree 

of confidence in our findings. It also demonstrates the implications of fuel price volatility and 

electricity rate structure for valuation. 

3.   Existing Research on NG-RE Hybrids 

Existing research on the value of pairing electricity technologies mostly focuses on how RE 

mitigates fuel price risk within an electricity generation mix. Portfolio optimization techniques 

are applied to demonstrate the value of reducing portfolio risk in energy applications. For 

instance, Bolinger et al. (2002) apply such methods to quantify the value that wind power 

provides as a hedge against NG price volatility, demonstrating the price stability benefit that wind 

and other renewables provide to a portfolio of electricity generating technologies. Similarly, Bush 

et al. (2012) conduct a variance analysis of wind and natural gas generation under different 

market structures, and Jenkin et al. (2013) examine the use of solar and wind as a physical hedge 

against price variability within generation portfolios.
3
 However, these analyses do not compare 

the value of project-level hybrid NG-RE systems relative to alternative single-technology 

investments. Rather, they demonstrate the risk-hedging benefits of a portfolio of electricity 

generation technologies. 

Some studies apply DCF and ROA methods to value energy investments, however they 

mostly focus on single technology assets. For example, Abadie and Chamorro (2012) and Santos 

et al. (2014) apply ROA to renewable energy projects, and van Heeswilk (2012) and He (2007) 

apply ROA to natural gas projects. They do not consider projects that incorporate both NG and 

RE components, however, which fundamentally changes the underlying cash flows and sources 

of uncertainty. 

On the other hand, some recent work is starting to explore ROA methods applied to 

hybrid projects such as microgrids and in the context of electricity generation planning, however 

there remains room for contribution. For example, Asano et al. (2010) examine investment 

strategies in a microgrid system consisting of renewable power generation and a cogeneration 

system under uncertainty in NG prices. The authors use ROA to value microgrids, however the 

valuations are not considered relative to NG-only and RE-only comparable alternatives. Rather, 

                                                        
3 Applications in the energy sector date back to the seminal work of Shimon Awerbuch (Awerbuch 1993, 1996, 
2000a, 2000b, 2004, and 2007). Another application is Blyth et al. (2007).  
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the paper focuses on demonstrating how solar PV generation reduces risk as NG prices increase. 

Siddiqui and Marnay (2008) examine a California-based microgrid’s decision to invest in an NG 

unit, however the focus is on operational flexibility and the NG generation cost threshold that 

triggers investment as opposed to valuation of alternative investment options. Other studies focus 

on applying ROA to the decision to shut down power plants or when to operate certain segments 

of the system,
4
 however these questions are fundamentally different than initial DG investment 

decisions beyond BAU, which is the focus of this research. 

4. Cash Flows and Methodology Application 

4.1 Identifying Cost and Revenue Streams for DG Systems 

Both DCF and ROA rely on present value calculations of annual cash flows. Cash inflows include 

savings from reduced electricity and NG utility bills, incentives (both federal and state), and tax 

benefits. Cash outflows include initial investment outlay and installation costs, fixed and variable 

operating and maintenance (O&M) costs, tax liabilities, and loan principal and interest payments. 

Table 1 summarizes the cash flows considered here. 

 Capturing the costs and revenues on an annual basis, however, first requires modeling the 

hybrid NG-RE, NG-only, and RE-only system operations at the hourly level so that the amount of 

each resource consumed is captured realistically given technology performance and operational 

profiles. NG and RE technologies face uncertainties in fuel prices and output, respectively, and 

modeling operations hourly captures these risks. The method for modeling hourly operations is 

detailed in Section 6.  

 Once estimates for hourly output and demand for each resource are calculated, electricity 

and NG bill payments that would have been incurred and paid to local utilities without a DG 

system can be calculated. These are considered cash inflows. Although avoided bill payments are 

not necessarily revenues, they are avoided costs and thus classified as inflows for this analysis. 

Costs incurred from operating the system (as well as any costs incurred from residual demand 

that is still met by local utilities) can be found at the hourly level based on given electricity and 

NG utility rate structures. Appendix A provides the utility-specific structures assumed in this 

analysis under standard and time-of-use (TOU) options for both residential and commercial 

consumers in Suffolk County, NY and Waco, TX, the two locations selected for the hypothetical 

                                                        
4 For instance, Kienzle and Andersson (2009) explore operational flexibility of multi-energy generation plants. 
Other examples in renewable energy include Siddiqui et al. (2007) and Davis and Owens (2003), and an example 
of the effects of carbon price caps on electric investments can be found in Szolgayova et al. (2008). Again, see 
Fernandes et al. (2011) for a full review of ROA applications to energy projects. 
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business cases studied here. Section 6 discusses specific business case system design and 

performance, cost, and financing assumptions.  

4.2 Discounted Cash Flow Analysis 

Traditional DCF entails maximizing the NPV of cash flows. The sum of the present values of 

annual cash flows are calculated as  

         ∑ (
      

      
) 

                                                                                                            

where    is the initial investment outlay,        is expected cash flow in period t, and r is the 

discount rate. Generally, if the NPV is greater than zero, the investment is viewed as attractive. In 

the applications pursued here, however, the objective is to compare DG investment options 

between the system configurations, so the NPV with the highest value relative to comparable 

systems (and BAU) indicates the most economically attractive investment option. Even if the 

NPV is negative, it could be the best option given the alternatives. This is particularly relevant 

when comparing the DG investments to BAU, where BAU consists of only cash outflows, so a 

less negative NPV from a DG system relative to BAU is more attractive than BAU.  

More sophisticated DCF methods that account for some uncertainty exist, however as 

described in Section 2, we focus on modeling the uncertainties in input prices. We project 

stochastic NG prices over time and use variable hourly solar PV projections to capture the 

inherent uncertainty in RE generation and express these in NPV terms. This approach allows us to 

compare a more advanced DCF analysis (but not scenarios or probabilistic DCF) to the ROA 

approach described in Section 4.3. 

4.3 ROA Application: The Option to Expand 

The “option to expand” values the flexibility to expand from an existing state (BAU, which is 

purchasing 100% of both electricity and non-electric NG from local utilities) to an expanded state 

(installing a stand-alone DG system). This can be viewed in the context of an American call 

option, which is the right to buy, and the call option is the commitment of capital for the 

investment. Specifically, the option to expand here considers the value of investing in a DG 

system to move from BAU to a new state where load is met by an onsite system.  

American call options provide the option to invest (exercise the option) in the underlying 

asset at some fixed price (the strike price) at any time preceding the option’s expiration date, and 

the buyer pays a price for this right. The value of the underlying asset is the present value of 

positive cash outlays and the strike price is the present value of negative cash outlays over project 

lifetime. The time to maturity is how long the owner can wait until it must exercise or abandon 

the option. While this choice is arbitrary and can be perpetual, the current analysis imposes a 10-
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year expiration time since many renewable portfolio standard (RPS) or goals have deadlines 

within the next ten years. Table 2 provides an analogy of call options relative to project 

characteristics that are applicable in considering DG investments. 

If the value of the underlying asset exceeds the strike price at expiration, then the buyer 

makes profits equal to the difference between the value of the underlying asset (V) and the strike 

price (K). If not, then the buyer will not exercise the right. As the value of the underlying asset 

increases, the value of a call increases, and vice versa. Overall, as the underlying asset price 

increases and the strike price decreases, the call value increases. Other key determinants to 

valuation of an American call option include the variance (volatility) of the underlying asset and 

the time to expiration, which increase the option value as they increase. 

Following Damodaran (2012), the value of a call option can be calculated as 

                                                                          

where V is the value of the underlying asset (or the present value of positive cash inflows, such as 

avoided utility bills), K is the strike price (or the present value of negative cash outlays, such as 

investment and new operating costs), r is the risk-free rate, t is time until option expiration, and N 

as a function calculates the probability that observed values of a standard normal random variable 

will be less than or equal to d1 and d2. For the option to expand,  

   
  (

 
 
)  (  

  

 
)  

 √ 
                                                                 

and 

       √                                                                          

The replicating portfolio is thus embedded in the Black-Scholes model, and in order to replicate 

this call option, the owner needs to buy N(d1) shares of the underlying asset, which is referred to 

as the option delta. Furthermore, the owner would need to borrow            (Damodaran, 

2012).  

The volatility associated with the underlying asset,    is one of the critical features of 

ROA, and estimating   is not trivial. Here, it is defined as the volatility of natural gas prices since 

this is the only stochastic process characterized in this analysis. Section 4 describes the approach 

to modeling natural gas prices as applied throughout this analysis. Accounting for the features of 

the stochastic price path (volatility, mean-reversion, and trend) has critical implications for 

options pricing with direct impacts on the probability of reaching various valuation barriers 

during the life the option, particularly when the market is highly volatile as in most power 

markets (Blanco and Soronow, 2001).  
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Interpreting the option value is similar to interpreting the NPV for investment decision-

making. In the ROA context, however, the NPV is reformulated so that scenarios of greater 

uncertainty are considered. One can think of this value as an “expanded” NPV, which is equal to 

the traditional or static NPV plus some value related to flexibility. Investment decision-making 

rules based on this expanded NPV (the real option value (ROV)) are similar to those described in 

Section 4.2 for NPV, where the less negative ROV indicates the more attractive investment 

option when comparing systems. 

5. Natural Gas Price Modeling 

One key determinant and source of uncertainty for energy assets is that of fuel costs, and 

capturing the stochastic nature of NG price is critical for investment valuation.
5
 However, careful 

consideration of how to characterize and forecast NG price paths is warranted. Estimating 

volatility with a simple standard deviation tends to lead to forecasts that overestimate volatility 

since it does not account for mean-reversion, a characteristic that NG prices exhibit. Furthermore, 

assuming that NG prices follow a random walk can lead to a vastly different investment decision 

than operating under the assumption that prices follow a mean-reverting process or mean-

reverting to a trend line (see Baker, Mayfield, and Parsons (1998) for examples of different price 

process models and their implications for valuation and investment decision-making). Many 

methods for modeling natural gas prices have been developed. However, identifying which 

approach is most appropriate for long run forecasting is not trivial and depends on the stochastic 

process that the prices actually follow (Pindyck, 1999).  

In recent years, the U.S. natural gas market has experienced dramatic changes, not only 

as a result of the domestic shale boom but also following a deregulation period and elimination of 

monopolies over the past few decades. The market has become relatively robust with market 

trading activity, and a number of fundamental price drivers, such as issues relating to weather, 

storage, transportation, extraction, policy, and technological change, create complex NG price 

behavior and uncertainty. 

Although both price levels and volatility have decreased since the shale boom (Gotham et 

al., 2013) with the rise of domestic production and a positive supply balance, short-term 

inelasticity of supply and demand as well as infrastructure and supply constraints from storage 

still lead to volatile spot markets, particularly during high demand periods and extreme weather 

                                                        
5 Since energy investments exhibit option-like traits, the second moments of the price processes underlying the 
investment decisions are relevant. As such, stochastic process price models describing the evolution of a system 
or time series are often used in dynamic models of uncertainty, and especially price uncertainty (Dixit and 
Pindyck, 1994). 
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conditions. Since price behavior is largely determined by uncertain events such as unknown 

future demand for NG and exports, policy regulation, seasonal patterns, and infrastructure 

constraints, volatility remains prominent (but generally with a different magnitude than in pre-

shale boom years) and many markets remain extremely price-sensitive.  

At the same time, NG spot prices are mean-reverting processes (Dixit and Pindyck, 1994; 

Pindyck, 1999; Swishchuk, 2008; Parsons, 2011), and they revert to trend lines (Pindyck, 1999). 

In other words, prices move up and down (frequently) but they revert to a long-run mean that is 

determined by a trend line. Although projections indicate that NG prices will likely remain 

relatively low for at least a decade, a long-term upward trend is still expected given theories of 

exhaustible resource production, and thus inclusion of a mild trend is important.  

A number of models have been proposed for representing the stochastic process that 

commodity prices follow. The differences among them generally relate to the number of risk 

factors required to describe uncertainty and how convenience yield is specified (Abadie and 

Chomorro, 2009). Some note that three factors (spot prices, interest rates, and convenience 

yields) are required to capture future price dynamics (e.g. Schwartz, 1997). On the other hand, 

Schwartz and Smith (2000) present a two-factor model with a mean-reverting short-term 

disturbance in prices and a long-term price level that follows a Brownian motion. These two 

factors can be estimated from spot prices.  

Models that use a ‘random walk’ under geometric Brownian motion (GBM), which are 

commonly implemented, assume that price changes are independent of one another. However, 

this implies that the historical path that prices followed to achieve current price is irrelevant for 

predicting future price paths. This is unrealistic for the case of NG. On the other hand, mean 

reversion allows for the random walk to be modified so that price changes are related (Blanco and 

Soronow, 2001). It essentially allows price to be determined by the distance between current price 

and the mean-reversion level (or trend line), as well as the rate of mean reversion, so that if the 

spot price is below (above) the mean level or trend line, the process will be driven upwards 

(downwards). The price path ultimately drifts towards the mean or trend line at a speed 

determined by the mean reversion rate (Blanco and Soronow, 2001).  

One stochastic process that captures the mean-reverting characteristic that NG prices 

exhibit and which is commonly employed for simulating NG spot prices is the geometric 

Ornstein-Uhlenbeck (OU) stochastic process. This model is a modification the standard GBM and 

allows the volatility of price to depend upon price level (Gjolberg and Guttorsmen, 2002; Insley 

and Rollins, 2005, Insley and Chen, 2012). The geometric OU process can be further modified to 

include a trend, as well.  Therefore, this is the mechanism employed in this analysis to simulate 
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NG prices over the project life. The advantage of using this model is ease of calibration and a 

simple form for the futures price. Furthermore, it can be readily discretized from its continuous 

time form, which is appropriate for the consideration of monthly price projections.
6
  

For this analysis, the parameters for a geometric Ornstein-Uhlenbeck stochastic process 

with trend are calibrated using logged monthly Henry Hub spot price averages from 2009 to 

2013.
7
 Although spot price data are available back to 1997, the parameter estimates for volatility 

and long-run mean will be different in the post-shale boom era. Prices still exhibit the same 

characteristics as before the boom, but the level, volatility, and mean-reversion rate parameters 

are likely of different scales. Using only post-shale boom data reflects the current market and 

expected price path behavior. Lastly, the use of monthly prices (as opposed to daily) is warranted 

since utilities generally price natural gas delivered to residential and commercial end-users on a 

monthly basis for billing purposes. 

Once the stochastic process parameters for average monthly spot prices are calibrated, 

monthly natural gas spot price averages are simulated in discretized form, which are then used for 

modeling the market-driven supply component of NG retail rates.
8
 Utilities generally determine 

NG retail rates for residential and commercial end-users by incorporating both market (variable) 

and non-market (fixed) variables, where the supply price component is market-driven (i.e., 

determined by spot prices). In this analysis, utility-specific historical monthly supply prices are 

regressed on historical monthly Henry Hub spot price averages to estimate a linear model (for 

only the supply component of NG retail rates), which is then used to project the supply price 

component over the asset’s lifetime. The fixed components of end-use NG prices are treated 

differently—a simple fixed escalation rate of 2% is applied.
9
 

From this calibration, estimation, and projection procedure, monthly cash flows related to 

the NG components of the project are calculated and aggregated to the annual level. 

6.  Business Case Design & Assumptions 

The hypothetical cases studied here consider applications for a single home and a critical services 

building (a hospital) in Suffolk County, New York and Waco, Texas, which exhibit contrasting 

                                                        
6 Since utilities generally determine end-use NG prices on a monthly basis, a NG price projection at the monthly level is applied 
here. 
7 The log-normal distribution allows for only positive price outcomes while also remaining applicable within the basic Black-
Scholes framework since the natural log of prices is normally distributed.  
8 The stochastic process only captures the supply component of NG prices for end-users. Utilities typically determine the price 
of NG delivered to end-use customers based on the market spot prices, which drives the supply component, as well as a 
number of fixed components.  
9 This is the exact procedure applied for the New York case studies, but utility-specific NG retail rates were not available for 
the Texas cases. Instead, the same calibration procedure was followed, but historical state-level average residential and 
commercial NG retail rates were used for estimating the linear model rather than utility-specific supply rates. 
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market structures, policy environments, climates, and end-user load profiles. The goal is not to 

optimize system design or operations for a given site but rather to focus on modeling inputs that 

capture the different resource risk profiles and to value the systems in a way that enables 

comparison. Thus, system sizes for solar PV are determined exogenously and then appropriate 

NG microturbine sizes are calculated according to operating assumptions and industry standard 

performance assumptions (see Section 5.3.2 for details on microturbine sizing). 

Operationally, modeling the NG and RE components of the hybrid system must capture 

factors such as the electricity load profile, non-electric natural gas demand (for heating), 

electricity rate structures, RE output, NG prices, and NG price volatility, each of which impacts 

system operations, costs, and revenues. This analysis characterizes operations at the hourly level 

over a 25-year project lifetime for residential applications and a 30-year project lifetime for 

commercial applications.
10

 Conducting the analysis at the hourly level allows for the use of 

location-specific data and an understanding of how various market features impact investment 

attractiveness. This section describes the operating and technology assumptions used for 

calculating hourly system outputs, which are then used as inputs for cash flow calculations. 

6.1 Load Profiles  

Simulated hourly residential and hospital building NG and electricity load data were obtained 

from publicly available datasets, which are available for all typical meteorological year (TMY) 3 

locations in the United States (OpenEI, 2013). The datasets contain hourly load profile data for 16 

commercial building types as well as residential buildings. The simulations consider variations in 

building types and they incorporate differences in construction due to local climate. For the 

residential homes considered here, a “high-load” case is assumed where the building ranges from 

3000 to 4044 square feet, and has 4 bedrooms and 2.5 bathrooms. The commercial building 

application uses hourly simulations for a hospital. All building characteristic details for 

residential hourly load data are based on the Building America B10 Benchmark (Hendron and 

Engebrecht, 2010). 

The simulated NG load profiles are provided in kilowatt-hour units; however, utilities 

typically bill on a per Therm basis. Thus, conversions are needed to calculate how much fuel in 

Therms is required to generate the kilowatt-hours (kWh) of NG demand, which depends on the 

                                                        
10 These are conservative assumptions. The expected useful life of solar PV systems is generally expected to be 
30 to 40 years according to some sources (SunPower 2012) and 25 to 30 years according to others (REC Solar, 
2014). NREL typically assumes 30 years (see sam.nrel.gov/financial). We use an even more conservative 
assumption of 25-year life for residential systems because most solar systems come with a 25-year warranty for 
performance. 
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efficiency (heat rate) of the generator and the heat content of the fuel. The formal conversions for 

determining hourly NG demand in Therms are detailed in Appendix B.  

6.2 Operating Assumptions 

The DG systems are assumed to fully meet onsite electricity demand as well as non-electric NG 

demand (for heating), and hourly operations follow profit-maximizing consumer problem 

assumptions in which a spark-spread analysis determines hourly consumption of solar PV and 

NG. The spark-spread, S, is defined as the difference between revenues (electricity prices) and 

variable O&M costs, which include the price of fuel used to generate power plus other variable 

O&M costs. Consumers, therefore, face the following spark-spread profit-maximizing criteria: 

                                                                                                                                             

where    is the price of electricity,    is the cost of fuel used for generating electricity, and     is 

the heat rate, the amount of natural gas in British Thermal Units (BTUs) required to generate 1 

kWh of electricity. The spark-spread yields its holder the positive part of electricity price less the 

“strike”—which is the heat rate-adjusted fuel price (or the dispatch cost). Heat rates measure 

plant efficiency where more efficient plants have lower heat rates. Although heat rates can vary 

for given systems, constant heat rates are often assumed for long-term analyses (e.g., see Deng et 

al., 2001). 

The decision to dispatch in any given hour depends on whether the hourly price of power 

exceeds the cost of fuel needed to generate that power. Generally, the system operates only when 

it is economically efficient to do so (when the spark spread is positive), but in this study, the 

system is assumed a priori to always operate to meet onsite demand. Which component (solar PV 

or NG) operates, however, is determined by which source produces the more positive spark 

spread. Since both NG and solar PV face the same electricity price, the main factor determining 

which system component operates is the fuel cost plus other variable O&M costs. Solar PV will 

always be favored in this case as it faces no variable O&M costs while generating electricity from 

NG microturbines incurs the cost of fuel. In other words, when solar output exists, the spark-

spread for solar will always exceed the spark-spread for natural gas, and thus solar PV output will 

always be more economical to consume when it exists and there is demand.  

This translates into 100% of hourly solar output being consumed hourly while residual 

electricity demand is met by the NG microturbine. The NG microturbine also serves non-electric 

(heating) NG demand. In the case that hourly solar output exceeds hourly demand, the excess 

output is either lost (if net metering is not an option) or it is aggregated monthly and rolled over 
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to the next month (if net metering is available). We do not account for NG ramping time or 

costs.
11

  

For the NG-only configurations, the system is assumed to meet all electric and non-

electric NG demand (even if the spark-spread is negative) as a stand-alone system. For the RE-

only cases, 100% hourly solar output is consumed in that given hour (as in the NG-RE hybrid 

case), but residual electricity demand and non-electric NG demand is met by the local utilities. 

Table 3 summarizes these system design and operating assumptions. 

6.3 Technology Assumptions 

6.3.1 Solar PV 

Location-specific hourly solar PV system output for one year was simulated in NREL’s PVWatts 

tool for a 4 kW (DC) residential fixed array system for the single home residential applications 

and a 1.4 MW (DC) commercial fixed array system for the hospital applications. PVWatts 

simulations use hourly solar resource data that describe solar radiation and meteorological 

conditions at site-specific locations. Specifically, PVWatts uses the National Solar Radiation 

Database (1961-1990) (TMY2) data site nearest the system location. PVWatts default values are 

assumed for characterizing the solar PV system
12

 and the sizes of the systems were exogenously 

determined a priori. A 0.5% annual production degradation rate is applied to account for aging 

system components over project lifetime. 

6.3.2 Natural Gas Microturbines 

NG microturbines can operate as standalone onsite applications remote from power grids, 

offering many benefits to owners such as compact size, a small number of moving parts, the 

option to use waste fuels, long maintenance intervals, and improved efficiency when combined 

heat and power (CHP) is included (EPA, 2008). However, they have low fuel-to-electricity 

efficiencies, and a loss of power output and efficiency with higher ambient temperature and 

elevation (EPA, 2008). Driven by small-scale gas turbines, their electrical efficiencies generally 

range from 26% to 33% (without CHP) but can achieve thermal efficiency of up to 85% with 

CHP. They can run continuously or on-demand, can be installed individually or via a multi-pack, 

and can stand-alone or connect to a grid. They have been commercially applied in residential and 

commercial buildings and can be generally scaled as needed.  

                                                        
11 According to a discussion with an industry expert, the ramping time and costs for microturbines of this scale are negligible. 
12 These include: standard module type, fixed (open rack) array type, 14% system losses, 20 degrees tilt, 180 degrees azimuth, 
1.1 DC to AC size ration, 96% inverter efficiency, and 0.4 ground coverage ratio. 
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Technology and performance assumptions in this analysis are primarily informed by 

reported figures from Capstone Turbine Corporation. The smallest microturbine sold by Capstone 

is about 30kW, however microturbines can be scaled to almost any size. For instance, Kohler 

Generators sells units as small as 6 kW.
13

  Net heat rates for small microturbines range from 

about 11,800 Btu/kWh to 14,700 Btu/kWh, where less efficient systems are characterized by 

higher heat rates.
14

 Therefore, a higher heat rate is appropriate for smaller (less efficient) systems 

whereas a lower heat rate applies to larger (more efficient) systems. Fuel heat contents for 

microturbines (for gas HHV) generally range from 825 Btu/scf to 1275 Btu/scf, with Capstone’s 

28kW system (Model 330) fuel heat content ranging from 700 to 2615 Btu/scf and Kohler 

Generators’ 6kW system having a heating value of about 890 Btu/scf.
15

 

The analysis employed here assumes that the systems can be scaled down to the 

appropriate size for the case study’s load profile, but the 30 kW per unit cost and performance 

specifications are used to ensure data consistency.
16

 The residential systems studied here are very 

small (ranging from 3 kW to 7 kW), however this is not particularly unrealistic given that there 

are 6kW systems on the market today, and our system efficiency assumptions are similar to the 

specifications for systems as small as 6 kW. The commercial systems studied here range from 

about 1 to 3 MW, which is in line with systems operating in the market today. Table 4 details the 

NG microturbine assumptions applied in this analysis. 

 Lastly, the size of NG microturbines, which is dependent upon each case study’s load 

profile, largely drives upfront capital costs. This analysis uses the maximum hourly load, a 10% 

reserve requirement, and the above assumed efficiency rates for sizing microturbines for each 

scenario. Since we assume that the DG system for the NG-RE hybrid case and the NG-only case 

will fully meet load, the maximum hourly demand (including both electric and non-electric) is 

calculated once the hourly solar PV output simulations are conducted and accounted for in 

meeting demand, and the NG microturbine size is determined by this hourly residual electricity 

demand and non-electric NG demand combined, plus the 10% reserve requirement.
17

  

                                                        
13 See: http://www.kohlergenerators.com/home-generators/generators. 
14 Capstone indicates that its 28kW system (Model 330) has a heat rate of 13,000 Btu/kWh and that the fuel heat content 
ranges from 700 to 2615 Btu/scf): 
http://physics.oregonstate.edu/~hetheriw/energy/topics/doc/elec/natgas/micro/SpecSheetlowpressureNG.pdf.  
15 The system specifications can be found here: http://www.kohlergenerators.com/common/pdf/g4213.pdf.  
16 The per unit costs of smaller systems are likely higher than what is assumed here, but there is no data to inform higher cost 
assumptions. 
17 It is possible that smaller systems are less efficient, but we do not have any data on such systems. Our derivation for the 
system size requirement is a very crude estimate. We add hourly non-electric NG demand (kWh) to residual hourly electricity 
demand determine hourly demand for NG in kWh terms. We find the maximum kWh gas demand in an hour over the system 
lifetime and add a 10% reserve requirement to determine the maximum hourly kWh microturbine capacity. We apply an 80% 
global efficiency to determine the required microturbine size for meeting maximum hourly load plus reserve. This makes our 
sizing of the microturbines “choppy”. 

http://physics.oregonstate.edu/~hetheriw/energy/topics/doc/elec/natgas/micro/SpecSheetlowpressureNG.pdf
http://www.kohlergenerators.com/common/pdf/g4213.pdf
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6.4 Utility Rate Structures  

Utility-specific electricity rate structures based upon upon location determine the avoided 

payments (i.e., savings) to local utilities included as cash inflows. Since retail rates are relatively 

fixed for end-use customers, rates are escalated by 2% annually. For the case of Suffolk County, 

NY, the assumed project location is within the PSEG Long Island territory for electricity and the 

National Grid territory for NG. Public and transparent price data from these utilities allowed for 

consideration of both standard and TOU rate structures, special distributed generation rates (for 

both NG microturbines and RE), and net metering, which enables detailed hourly calculations as 

well as incurred costs from operating the new onsite DG system. The historical utility-specific 

NG retail rates were used in projections as described in Section 4. 

 For the case of Waco, TX, the projects are assumed to operate within the TXU Energy 

service area, which is in the Oncor Electric Delivery service area. Multiple rate plan options exist, 

including those applicable for DG systems and alternative structures that are determined by time 

of use. For instance, TXU offers a fixed rate plan (defined as “standard” in this analysis), a free 

nights option for residential customers (defined as TOU here), and an alternative rate structure for 

businesses as well where the price is reduced by 50% during certain hours of operation. Appendix 

A details the rate structures. Since utility-specific NG retail rates were unavailable for Waco, 

Texas’ statewide historical residential monthly average NG prices were used for estimating NG 

price projections following the procedures described in Section 4. 

6.5 Additional Financial Model Assumptions  

Location-specific incentive payments and tax liabilities, and the federal Investment Tax Credit 

(ITC) of 30% for the RE systems, O&M and replacement costs and loan principal and interest 

payments are also incorporated into the valuations.  

Additional cash outflows for residential solar PV include a total installed cost per Wdc of 

$3.70, fixed O&M of $36/kW-year, and a fixed (annual) O&M cost of $15/year.
18

 For 

commercial systems, a totaled installed cost of $2.60/Wdc and a fixed O&M of $20.00/kW-year 

are assumed. Microturbine capital cost estimates in the industry currently range from $700 per 

kW to $1,100 per kW and an additional $75 to $350 per kW for CHP, and installation costs are 

generally around 30% to 50% of total upfront outlay (Capehart, 2014). The following 

microturbine cost assumptions are applied: $700 per kW capital cost, $0.003 per kWh non-fuel 

O&M cost, $100 per kW for adding CHP to the system, and installation costs of 30% of capital 

                                                        
18 All per unit cost assumptions for the RE components follow the default assumptions from the National Renewable Energy 
Laboratory’s (NREL) System Advisor Model (SAM) (SAM, 2014). 
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costs. Insurance incurs 1% of inflation-adjusted total installed costs for commercial systems, and 

there is no insurance cost for residential systems.  

Financial model assumptions for NPV calculations follow those outlined in the National 

Renewable Energy Laboratory’s (NREL) System Advisor Model (SAM) documentation (SAM, 

2014), which are based on the definitions and methods described in Short et al (1995). Cash flows 

for 25-year and 30-year project lifetimes and loan terms are considered for the residential and 

commercial applications, respectively. Debt ratio assumptions are 50% and 100% for the 

commercial and residential applications, respectively. Loan principal and interest payments, and 

tax liabilities, are included under the assumption of a mortgage financing structure for the 

residential systems, and the commercial financing structure does not consider a power purchase 

agreement (PPA) structure. Table 5 summarizes all financing assumptions. 

7. Results 

Considering both the DCF and ROA valuations, our findings consistently suggest that the hybrid 

NG-RE systems are more attractive than their single-technology comparable alternatives, even 

without incentives for the solar component (the federal ITC and state-level financial incentives) 

in some cases. Furthermore, all DG systems are economically favorable relative to BAU. Since 

the BAU cash flows include the combined cost of electricity and heating without DG offsetting 

any load, this finding indicates that, when discounted over the project lifetime, the savings on 

utility bills from installing DG (regardless of configuration design) are higher than the incurred 

costs investing in the system consistently across configurations, in the long run. The DG 

investments become even more economically favorable under TOU electricity rate structures and 

net metering across all cases.  

The findings for the residential application in Suffolk County, NY under the baseline NG 

price volatility scenario and a high NG price volatility scenario across system configurations and 

electricity rate structures are presented in Table 6 and Table 7, respectively. Valuation results are 

presented in nominal dollars, and negative values are shown in parentheses and red text. The 

initial investment outlay required for each configuration is also included. Note investment outlays 

are the largest for NG-only configurations because of system size requirements, which are 

determined by the microturbine’s global efficiency. When only NG is used, the onsite 

microturbines account for 100% of both heating and electricity demands, and so the system is 

sized accordingly. On the other hand, when solar is included, enough electricity demand is offset 

to reduce the size of the NG microturbine required in order to still meet 100% of residual 

electricity and heating demands, which translates into lower upfront capital costs. This reduction 
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in capital costs is larger in magnitude than the additional cost of installing solar for systems 

located in Suffolk County, NY, mostly because of the high NG demand for heating. For Waco, 

TX, where there is no NG demand for heating, the value proposition of the hybrid system relative 

to NG-only is not as favorable (see Appendix C). 

Two variations of RE-only are shown—one including the negative cash flows of non-

electric NG load accounted for by the local utility, and one including only cash flows for 

electricity demand (non-electric NG payments to the utility aren’t included as cash outflows, so 

only the electricity components are considered). Investment decisions between one system and 

another, or between DG systems relative to BAU, can be made based on the highest (or least 

negative) NPV and ROV values. When comparing investment options, more (less) positive 

(negative) NPV or ROV values represent the more economically attractive investment. In other 

words, a negative NPV or ROV doesn’t necessarily mean that the investment shouldn’t be 

pursued if the value is in fact less negative than the BAU case. The less negative the NPV, the 

more savings achieved relative to BAU.  

For this application, NPVs and ROVs are positive for the hybrid NG-RE system, even 

without financial incentives for the solar component and under high NG price volatility. 

Alternatively, the NG-only and RE-only configurations produce negative NPVs and ROVs, 

however investing in either single-technology DG system is still more economically attractive 

than BAU. For instance, note that the figures for the RE-only cases are low because they include 

cash outflows for residual electricity demand, however the figures are less negative than those for 

BAU, suggesting savings from investing in a RE-only system. As expected, the investment is 

even more attractive when incentives for solar are available, however they aren’t required for the 

investment to payoff relative to BAU. Under standard electricity rates and without incentives for 

solar, the hybrid NG-RE investment would take 14.46 years to payoff (or 6.45 years with 

incentives). These figures are 12.6 and 4.27, respectively, under a TOU electricity rate structure 

and when net metering is available. 

Similarly, for the case of a hospital located in Suffolk County, NY, the hybrid NG-RE 

systems consistently produce positive NPVs and ROVs (and generally more favorable outcomes 

than the single technology alternatives), and the payback periods are much lower than the 

residential applications given the scale of the investment (see Table 8 and Table 9). Investing in a 

hybrid NG-RE system pays off in 4.98 years without incentives (3.25 years with incentives) 

under a standard electricity rate structure, and respectively, 4.54 years without incentives (and 

2.96 years with incentives) under TOU rates and net metering. On the other hand, while the 

hybrid NG-RE systems are more attractive than their single-technology alternatives with solar 
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incentives, the NG-only system is more attractive when incentives are unavailable. Again, all DG 

systems are economically favorable relative to BAU, and the same patterns comparing the 

findings under high NG price volatility relative to low NG price volatility unfold.  

Appendix C presents the findings for the applications based in Waco, TX. Consistent 

results and patterns emerge, however the findings generally do not favor hybrid systems as 

strongly. This is mostly because of the low non-electric NG load in Texas compared to the high 

NG load meeting heating needs in regions such as New York, In other words, investments in DG 

systems including NG microturbine components become more attractive when NG demand is 

higher because the customer avoids significantly higher NG payments to local utilities. The 

systems still offer scale economies, however, and the payoff is more attractive for commercial 

systems even with lower non-electric NG demand. 

8. Conclusion and Policy Implications 

Although recent work provides anecdotal evidence of NG-RE synergies in the power sector, this 

paper is the first to our knowledge to explore project-level business case studies to quantify and 

compare the value of investing in hybrid NG-RE, NG-only, and RE-only systems in commercial 

and residential applications, as well as the business-as-usual case of not installing a DG system at 

all. By modeling system economics at the hourly level and with location-specific data and 

assumptions, the methodology implemented allowed for consideration of technology performance 

and operational risk profiles, inherently capturing the uncertainties that characterize NG and 

VRE. Furthermore, as both DCF and ROA rely on present value calculations of annual cash 

flows, detailed hourly-level cost and revenue streams were incorporated, such as utility-specific 

avoided electricity and natural gas utility bill payments, incentives, tax benefits and liabilities, 

capital costs, variable O&M costs, and loan principal and interest payments.  

 The findings consistently suggest that hybrid distributed NG-RE systems for the 

residential and commercial building applications studied here are more favorable investments 

relative to their single-technology alternatives when direct financial incentives for solar PV are 

present. In some cases, NG-only systems are favored over hybrid systems when incentives for 

solar are not available. All DG systems are found to be more economically attractive compared to 

BAU. Overall, DG investments are more attractive under TOU electricity rate structures and 

when net metering is available. These results hold true when using both NPV and ROA valuation 

metrics. 

 These results highlight the importance of creating an enabling policy environment that is 

conducive to the deployment of such hybrid systems in distributed applications, given the value 
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that they can bring to consumers relative to BAU or their single-technology alternatives. In 

addition, quantifying the value of such investments at the project level can help inform public 

investments that aim to accelerate clean energy technology adoption. 

Furthermore, given the importance of both NG and RE for reducing greenhouse gas 

emissions associated with the power sector, our findings provide insights into the value of NG 

and RE being used as complements as opposed to substitutes when considering promoting the 

adoption of lower greenhouse gas emitting energy technologies. Viewing NG and RE as 

complements could motivate joint research platforms for investigating policy and market 

structure options that are mutually beneficial to both the NG and RE communities, as more 

analysis and dialogue is needed for developing integrated action plans. While partnerships 

between the two industries historically have been uncommon, there are many opportunities for 

developing such partnerships to create integrated research and information exchange. 

Policymakers can use the collaborative analysis and dialogue outcomes to design complementary 

energy policies towards de-carbonization objectives.  

 Consistency between the NPV and ROA results provides robustness in the findings, but 

perhaps more importantly, ROA provides additional confidence in the results when comparing 

investment alternatives because it considers the irreversible and uncertain nature of electricity 

generation technology investments. When cash flows are uncertain, as experienced in the power 

sector, assuming they are deterministic and static can be costly. In reality, several underlying 

uncertain and sometimes volatile attributes related to system operations, efficiency, and input 

prices impact the value of power generation technologies, and ROA derived from an analysis of 

operations at the hourly level, as done here, accounts for these. 

 Lastly, the findings highlight the importance of policy for determining payoff, which has 

implications for considering mechanisms aiming to increase deployment of hybrid NG-RE 

distributed systems. Consider, for example, the residential application in Suffolk County facing 

baseline NG price volatility. Under a TOU rate structure and net metering, the hybrid system’s 

NPV to investment ratio implies a 9.6% return with no incentives and 36% with incentives. For 

the commercial system, these figures are 122% and 147%, respectively. One could also consider 

the NPV to investment ratio to the utility or to government sectors, suggesting that when certain 

conditions align, these can be win-win policies. 

 There are numerous pathways forward for continued work in this area. For example, the 

case studies explored here did not consider the potential for storage, a promising DG technology, 

nor did it include non-market costs and benefits associated with investing in a DG system for 

stand-alone applications. Quantifying features such as reliability benefits and ancillary services 
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would further enhance the economic attractiveness of these investments. Additionally, as 

demonstrated by the scaling-up of systems from a residential to commercial application, DG 

investments offer economies of scale. Pursuing valuation analyses of microgrid applications and 

community power configurations remains ripe for future research. Lastly, these valuations 

quantified the investment value from the system owner’s perspective, but inclusion of the benefits 

and costs to other market agents would allow for understanding total welfare impacts on the 

wider system as a whole. 
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Appendix A: Utility Rate Structure Assumptions 

A1.  Suffolk, NY Utility Rate Structures 
 
The following utility-specific rate structures are implemented in electricity bill calculations (avoided costs) 

as well as for the costs incurred for operating the distributed generation systems. In all cases, the utility 

defined peak hours as weekdays from 10:00am to 8:00pm and all day on the weekends, and rates were 

updated as of April 1, 2014.  

 

Standard Residential Rate Structure (PSEG Long Island Rate 180) 

 Fixed service charge of $0.36 per day 

 First 250 kWh (per kWh): 

 June 1 through September 30: $0.0904 

 October 1 through May 31: $0.0904 

 Demand in excess of 250 kWh (per kWh): 

 June 1 through September 30: $0.1022 

 October 1 through May 31: $0.0834 

 

Standard Commercial General Use Rate Structure (PSEG Long Island Rate 280) 

 Fixed daily service charge of $0.36 per day 

 Energy charge (per kWh) 

 June 1 through September 30: $0.1099 

 October 1 through May 31: $0.0910 

 

Time-of-Use Residential Rate Structure (PSEG Long Island Rate 188) 

 Fixed service charge of $0.36 per day 

 Daily meter charge: $0.10 

 Offpeak (per kWh): 

 June 1 through September 30: $0.0625 

 October 1 through May 31: $0.0484  

 Peak (per kWh) 

 June 1 through September 30: $0.2782 

 October 1 through May 31: $0.0935 

 

Time-of-Use Commercial Rate Structure (PSEG Long Island Rate 288) 

 Fixed service charge of $0.36 per day 

 Daily meter charge: $0.10 

 Offpeak (per kWh) 

 June 1 through September 30: $0.625 

 October 1 through May 31: $0.0484 

 Peak (per kWh) 

 June 1 through September 30: $0.2782 

 October 1 through May 31: $0.0935 

 

National Grid Natural Gas Rate Structure for Non-Distributed Generation Residential Customers (SC1 

rate classification) 

 Delivery and service charges: 

 Basic service charge and first three Therms (or less): $20.35 

 Next 47 Therms: $0.36247 per Therm 

 Over 50 Therms: $0.06385 per Therm 

 Other charges: 

 Fixed MTA surcharge: $0.15 

 Sales tax: 4% 

 Supply charges 

 Vary monthly and determined by market. See natural gas price modeling section. 
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National Grid Natural Gas Rate Structure for Distributed Generation Residential Customers (SC13) 

 Service is firm sales based on monthly consumption 

 Delivery and service charges: 

 Basic service charge and first three Therms (or less): $27.46 

 Over three Therms: $0.03914 per Therm 

 Supply charges 

 Vary monthly and determined by market. See natural gas price modeling section. 

 

National Grid Natural Gas Rate Structure for Non-Distributed Generation Commercial Customers (SC2 

rate classification) 

 Delivery and service charges: 

 Basic service charge and first three Therms (or less): $24.17 

 Next 277 Therms: $0.36247 per Therm 

 Next 4,720 Therms: $0.16985 per Therm 

 Over 5,000 Therms: $0.05445 

 Other charges: 

 Fixed MTA surcharge: $0.15 

 Sales tax: 4% 

 Supply charges 

 Vary monthly and determined by market. See natural gas price modeling section. 

 

National Grid Natural Gas Rate Structure for Distributed Generation Commercial Customers (SC12) for 

Annual Consumption of 250,000 Therms to 1,000,000 Therms 

 Service is firm sales based on monthly consumption 

 Delivery and service charges: 

 Basic service charge and first three Therms (or less): $466.49 

 Over three Therms (April to October): $0.04522 per Therm 

 Over three Therms (November to March): $0.05728 per Therm 

 Supply charges 

 Vary monthly and determined by market. See natural gas price modeling section. 

A2. Waco, TX Electric Utility Rate Structures 
The following utility rate structures are assumed for the Waco, TX cases. 

 

Standard Residential Rate Structure (TXU Energy, Oncor Electric Delivery Service Area) 

TXU energy pays 7.5 cents per kWh for surplus generation from solar and 6 cents per kWh from non-solar. 

This is provided as a bill credit for surplus, quarterly. A gross receipts tax is imposed on each retail electric 

provider operating in an incorporated city or town with a population greater than 1,000, ranging from 

0.581% to 1.997%. This analysis applies a 1% tax. 

 

The TXU Energy Texas Choice fixed rate plan is as follows: 

 $4.95 monthly base charge 

 8.1 cents per kWh 

 Oncor electric delivery charges 

 

Standard Commercial Rate Structure (TXU Energy, Oncor Electric Delivery Service Area) 

 Simple, flat, non-seasonal energy charge per kWh as well as a monthly base charge and 

Transmission and Distribution Utility (TDU) delivery charges. 

 Base charge: $7.90 per month 

 Energy charge: 8.2 cents per kWh 

 Oncor electric delivery charges 

 

Alternative Residential Rate Structure (TXU Energy Free Nights, Oncor Electric Delivery Service Area) 
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 TXU Energy offers ‘free nights’, where energy charges are free from 9:00pm to 6:00am every 

day. The base charge, TDU delivery charges, state and local taxes, and other billed charges are 

applied normally. A simple rate for energy during daytime hours is then applied. 

 Base charge: $9.95 

 Energy charge (per kWh): 14.7 cents per kWh (for Waco) 

 TDU delivery charges 

 

Alternative Commercial Rate Structure (TXU Energy, Oncor Electric Delivery Service Area) 

 A discount can be applied to energy charges in the mornings from 6:00am to 2:00pm, and then the 

standard rate is applied the remainder of the day. This allows for morning energy to be charged at 

5.9 cents per kWh and the rate is 11.8 cents per kWh otherwise. 

 $9.95 base monthly charge 

 

TDU Delivery Charges for Oncor Service Area 

 Total per month base charge: $5.25 

 Monthly charges: $0.78 customer charge, $2.28 metering charge, and $2.19 advanced metering 

cost recovery factor (if net metering) 

 Charges on a per kWh basis: $0 transmission system charge, $0.018583 distribution system 

charge, $0.000169 nuclear decommissioning fee, $0.012012 transmission cost recovery factor, 

$0.000522 transition charge TC1, $0.000806 transition charge TC2, rate case expense surcharge 2 

(RCE) $0.000033, rate case charge (RCE-R) of $0.000050.  
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Appendix B: Natural Gas Demand Unit Conversions 

The amount of fuel used per kWh is equal to the heat rate (Btu per kWh) divided by the fuel heat 

content (Btu per physical unit). As such, the volume of gas per kWh in terms of 1,000 cubic feet 

(mcf) of natural gas can be calculated as 

            (
         

         
)                                                                                                 

where           is the heat rate and           is the fuel heat content. The final conversion 

into Therms can be calculated as 

              (
   

   
)  (

      

   
)                                                                                           

where         is demand for gas in Therms,      is the demand for gas in kWh, and Therms per 

mcf is determined by system efficiency.  
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Appendix C: Results from Waco, TX Case Study Valuations 

Tables A1 and A2 provide the single home and critical services building DCF and ROA valuation 

results for the case studies assumed to be located in Waco, TX. Note that the RE-only cases 

presented here are slightly different—because there is no NG demand for heating in the load 

profiles for Waco, TX, the RE-only case does not include non-electric NG utility bills as 

additional cash outflows. For the Suffolk County, NY configurations, two different RE-only cases 

were considered: one in which NG utility bills for heating were included as cash outflows and 

another where the cash flows included electricity only. Again, the findings here suggest that the 

RE-only systems are less favorable than the NG-only and hybrid RE-NG systems but more 

favorable than BAU. 

There are two key reasons for why the hybrid NG-RE hybrid systems are found to be less 

favorable in Waco, TX than in Suffolk County, NY. First, NG demand for heating is significantly 

higher in New York, which translates into a higher savings incurred from installing a DG system 

that accounts for this demand. Second, given the load profiles and solar output simulations for 

Waco, there is an inability to scale down the NG microturbine size and thus reduce upfront 

capital costs. Although counter to what is known about solar PV potential on average in Texas 

relative to New York, the PVWatts simulations produce an hourly solar output profile for Waco 

that does not offset electricity demand as much as the hourly solar output profile for Suffolk 

County offsets electricity demand. Overall, this means less electricity load is offset by the solar 

system in the Waco cases. Without enough electricity load offset, the NG microturbine size 

requirement for meeting residual demand does not decrease in the hybrid NG-RE case relative to 

the NG-only case. If the PVWatts simulations matched the hourly load profile in a way that offset 

more electricity demand, then the microturbine in the hybrid cases could be scaled down 

accordingly and the owner would incur lower upfront capital costs for the hybrid NG-RE 

systems. This requires further investigation related to the PVWatts solar output simulations as 

well as the demand profile simulations. 


