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EXECUTIVE SUMMARY 

During the hottest days of the summer, the demand for electric power in New York City can exceed 

what the grid can supply. As the state expands its renewable energy sources to comply with the 70% of 

total electricity target set out in New York’s Clean Energy Standard, there is an urgent need for 

increased flexibility in power demand.  

This study, a client-engagement with electrification retrofit startup BlocPower, evaluates the economic 

viability of enrolling a portfolio of electric Air Source Heat pump (“ASHP”) assets in New York’s 

Demand Response programs. Our analysis assesses the available programs, determining the hurdles and 

costs to participation as well as the payment structure and drivers of revenue. We have developed 

quantitative models for forecasting peak events and estimating the curtailable capacity of each asset. We 

use the models to estimate the economic impact of a small change in the thermostat during a peak event.  

Our analyses returned results that have significant implications for the client and for the viability of 

ASHPs as a demand side resource. First, we found that the choice of system type, multi-split (“MS”) or 

variable refrigerant flow (“VRF”), had a significant impact on total project costs. The systems require 

different smart thermostat control solutions, and VRF systems are less costly to implement. We also 

found that the ISO and the utility compensate participants differently depending on the geographic 

location of the asset. Higher congestion areas of New York City command higher prices for reservation 

and curtailment. Our analysis of the curtailable capacity of each asset estimates that approximately 4% 

of the total system capacity is flexible under the prescribed intervention. Finally, we find that analyzing 

prospective projects along the three categories of geography, curtailable capacity, and asset type is a 

meaningful means of identifying NPV positive projects. It is important to note that our analyses use past 

weather and demand response event logs and do not consider the effects of climate change or seasonal 

warming.   
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0. Introduction 

In February 2022,  The Wall Street Journal published an article entitled “America’s Power Grid is 

Increasingly Unreliable”. It describes the mounting pressures facing the grid across the nation and has a 

focus on the constraints bearing down on the system that services New York City. The system’s reserve 

margins – the generating capability available on hand above expected demand – are whittling away as 

nuclear, coal and gas-fired power plants close. Simultaneously, peak loads are rising in the summer due 

to climate-change fueled heatwaves. NYISO Vice President of System and Resource Planning is quoted 

saying, “We already foresee razor-thin margins. The risk is compounded when we take into 

consideration unforeseen events” [1]. There is an urgent need for more flexibility in New York city’s 

electricity consumption. This is the problem that Demand Response (“DR”) programs are built to 

address, and this project examines the economics behind enrolling electric heating, ventilation, and air 

conditioning (“HVAC”) systems into these programs.  

0.1. Objective 

This project centered on helping our client determine the economic viability of participating in demand 

response (“DR”) markets in New York with their fleet of electric air source heat pump HVAC systems 

(“ASHPs”). Our client is BlocPower, a climate technology startup providing building electrification 

solutions in low- and moderate-income (“LMI”) markets in major cities across the United States. Our 

objectives are to i) ascertain the potential lifetime value of readying and enrolling BlocPower’s ASHPs 

in New York City DR programs ii) identify the drivers of profitability and iii) derive a framework to 

prioritize development efforts to maximize DR value.  

https://www.wsj.com/articles/americas-power-grid-is-increasingly-unreliable-11645196772?st=5esbq5bukeajfnl&reflink=article_imessage_share
https://www.wsj.com/articles/americas-power-grid-is-increasingly-unreliable-11645196772?st=5esbq5bukeajfnl&reflink=article_imessage_share


1. Background 

1.1 BlocPower 

BlocPower is a Brooklyn-based climate technology company founded in 2014. The company utilizes its 

proprietary software for analysis, leasing, project management, and monitoring of urban clean energy 

projects and has completed energy projects in over 1,200 buildings. BlocPower’s customers engage the 

firm to perform electrification retrofit projects, commonly centered on their HVAC systems, replacing 

their gas-powered furnaces with ASHPs. The company’s investors include Kapor Capital, Andreessen 

Horowitz, and American Family Insurance Institute for Corporate and Social Impact [2]. 

BlocPower’s mission is to reduce the carbon footprint of urban buildings while rectifying the inequitable 

burden that has been placed on the shoulders of marginalized groups. BlocPower is interested in demand 

response programs as an additional revenue stream, and as a means of financially de-risking retrofit 

projects. BlocPower contracts with its customers through the BlocPower Lease, wherein customers lease 

ASHPs, domestic hot water (“DHW”) heaters, and other assets from the company over a 10–15-year 

period. This allows customers to perform the upgrade with minimal upfront expenditure and provides 

the company with an option for continued control of the asset. The company’s core business is building 

decarbonization projects centered around electrifying the HVAC systems. Its growth is enabled by 

recent advances in ASHP technology allowing them to service colder climates like New York, and the 

company’s proprietary software and business model. The company is curious to know if DR revenues 

can allow them to offer lower rates to customers, enabling greater growth and lower financial risk. For 

this study, the client provided an anonymized sample of their retrofit projects.  



 1.2 New York Independent System Operator (NYISO) 

The New York Independent System Operator (“NYISO”) is a non-profit organization that manages the 

grid of New York and administers the competitive wholesale electric marketplace. NYISO does not 

generate power or own transmission lines, but coordinates with power producers, utilities, and 

regulatory stakeholders to meet New Yorkers’ electricity needs on a daily, hourly, and minute-to-minute 

basis.  

NYISO is charged with reliably operating New York’s power grid, under strict regulatory oversight. 

NYISO plans the power system for the future, over one, five and ten-year studies, to maintain long term 

reliability, reduce congestion on the transmission system, and meet public policy needs calling for new 

transmission, such as lines to bring renewable resources to customers [3].  

NYISO is split into 11 zones, A – K, as shown on the map below. Each of these zones has its own 

generation and load mix and therefore its own distinct challenges. Zone J, which contains the five 

boroughs of New York City, has a relatively low level of generation and high level of demand. The 

majority of BlocPower’s New York portfolio is in Zone J, with some projects in zones H, I, and K.  



 

Figure 1- NYISO Zone Map from CPower Energy Management [4]  

1.3 Electric Utilities in New York  

Electric utilities are regulated by the state utility commission and are charged with providing safe, 

reliable, and affordable electricity to their customers. There are six utilities that provide electricity to 

New York state: National Grid, New York State Electric & Gas (“NYSEG”), Central Hudson Gas & 

Electric (“CHGE”), Rochester Gas & Electric (“RG&E”), Consolidated Edison (“ConEd”), and PSEG 

Long Island. The service territories are shown on the map below (note that PSEG Long Island 

contracted with the Long Island Power Authority to take charge of that territory in 2021). BlocPower’s 

portfolio contains properties in the territories of ConEd, NYSEG, National Grid, and PSEG Long Island.  

Figure 2 -  New York Electric Utility Map [26] 



1.4 Demand Response & New York DR Programs 

Demand response programs are set up to reduce consumption, or “curtail load,” from the electric grid. 

System operators and regional planning bodies often consider DR as an alternative to generation. 

Demand Side Resources (“DSR”) provide DR services to the grid at the behest of the grid operator or 

the servicing electric utility (i.e., when an event is called). DSRs range from sophisticated firms that 

enroll aggregated portfolios of assets to individual customers enrolling directly. See Appendix 3 for a 

schedule of aggregators who operate in the ConEd programs.  

DR services can be scheduled for a discrete period of time or can be called upon in emergency situations 

when the grid is facing peak loads or is otherwise distressed. Performance during DR events is 

calculated from the difference between energy consumed during the time of the event and the normal 

amount of energy consumed during that time of day, defined as a modified 10-day trailing average of 

use during the call window [5] [6].  

Historically there have been hurdles to implementing a successful demand response program as there is 

a two-fold problem of reliability and incentives [7] [8]. For consumers, the incentives to reduce load are 

often inadequate to drive reliable participation. For utilities and grid operators, this lack of reliable 

participation makes it challenging to meaningfully incorporate DR into their resource planning. The 

problem of predictable and reliable participation has handled by enrolling large-capacity customers with 

flexible or shiftable load into DR programs (e.g., industrial, or large commercial customers) into DR 

programs, to the exclusion of smaller customers. This has led to significant challenges in bringing 

residential and small commercial assets, at the control of as many operators, into reliable demand 

response programs.  

However, two trends are providing a sense of urgency to enroll these assets into DR programs.  



1. New technologies like the digitally enabled smart meter, smart thermostat unlock the aggregation 

of disparate loads across the grid [9].  

2. The movement to ‘electrify everything’ in pursuit of carbon-reduction goals has led to the 

ascendency of electric replacements of fossil fueled boilers and furnaces. This scale of new 

consumption necessitates increased grid capacity.  

Through the BlocPower lease, the company has an opportunity to enroll fleets of HVAC assets into the 

region’s DR programs. New York’s DR programs are administered by either the NYISO or ConEd, the 

servicing electric utility.  

1.5 NYISO DR Programs 

NYISO administers two types of DR programs: economic and reliability.  

1.5.a. Reliability Programs 

The reliability-based programs are the Special Case Resource ICAP Program (“SCR”) and the 

Emergency Demand Response Program (“EDRP”). Participating assets can enroll in either program but 

cannot enroll in both. 

In the SCR program, enrolled assets offer capacity into the market that they will curtail when called 

upon. SCR assets are compensated for the capacity enrolled during the capability period ($/kW/month), 

and for curtailment performance during events or tests ($/kWh). The capacity payment is determined at 

a capability period and monthly auction [10], and the performance payment is based on the real-time 

location based marginal price (“LBMP”) determined by the wholesale electricity market during the time 

of the event.  



In the EDRP program enrolled assets do not receive a capacity payment but receive the greater of the 

prevailing LBMP or $500 per MWh curtailed [6]1.  

1.5.b. Economic Programs 

The economic-based programs are the Day-Ahead DR Program (“DADRP”) and the Demand Side 

Ancillary Service Program (“DSASP”). DADRP assets bid alongside generating assets in both the day-

ahead and real-time wholesale electricity markets. Their bid includes the amount of capacity curtailable, 

the hours of curtailment, and the price for service. The DSASP is similar except that, as it seeks to 

regulate the frequency (i.e., quality) of the electricity on the grid, assets can be asked to increase or 

decrease load as needed on a real-time basis. 

Both programs have historically had very limited participation. The NYISO 2021 Annual Report on DR 

Programs says of the DADRP, “enrollment has been static for several years and enrolled resources have 

not submitted… offers in more than seven years” [11]. The same report mentions that there are only five 

resources actively participating in the DSASP, for a total of 175.7 MW. The reasons for the low level of 

activity are beyond the scope of this study. However, we hypothesize that the DADRP does not provide 

adequate incentives for participation, and the DSASP’s telemetry requirements, which are necessary for 

the safe and reliable deployment of frequency regulation services, are too technically challenging and 

too costly for broad levels of participation. 

1.6 ConEdison DR Programs 

ConEd operates two demand response programs: the Commercial System Relief Program (“CSRP”) and 

the Distribution Load Relief Program (“DLRP”). The CSRP is an economic-oriented program that calls 

on users to shed load during a designated call window. ConEd may request a planned event during week 

 
1 Resources submit a strike price at time of enrollment, which could theoretically be different than $500/MWh. However, 
historically the majority of strike price bids have been consistent with $500/MWh [11] 



(Mon-Fri.) with at least 21 hours’ notice. A planned event is triggered when the day ahead demand 

forecast “reaches 92% of the overall summer peak demand forecast” [12]. ConEd may also call an un-

planned event, for which participation is voluntary.  

The DLRP is a reliability-oriented program designed to help the utility provide distribution network-

level load relief when the system is under high stress. Unlike the CSRP, coned can request a DLRP 

event any day of the week during the capability period, with notification times shortened to two hours. A 

DLRP event is most often called at the network level, while as CSRP event is most often called system 

wide [12].  

 

Table 1- Breakdown of stackable DR programs from CPower Energy Management [4]  

The ConEd programs and the NYISO SCR are stackable: the same capacity can be enrolled in all three 

simultaneously. Performance payments, however, are not aggregated – a resource only gets 

compensated from one program. If economic and reliability events are called at the same time, the 

reliability program takes precedence [12].  



1.7 Limitations & Assumptions 

This study pertains only to the financial feasibility of BlocPower’s participation in DR programs in New 

York and does not address a go-to-market strategy or recommend a means of approach to customers. 

The nature of the demand response intervention, throttling the thermostat during peak events, requires 

informed consent by residents and merits a more comprehensive analysis than what is contained here.  

An assumption implicit in the following analysis is that BlocPower will elect to enter any demand 

response market via an aggregating entity rather than to engage directly with the market. An aggregating 

entity, or aggregator, is an organization that enrolls multiple small accounts such that the total load 

meets the minimum capacity requirements for participation. Aggregators act as the intermediary 

between the end-user and the utility. They will relay event signals from the utility or the ISO to their 

customers and share performance data back to the utility and grid operator to verify performance and 

collect & distribute payment. They also maintain the regulatory requirements and processes necessary 

for participation. We believe there to be three significant factors driving the decision to partner:  

1. The structure of the NYISO and ConEdison programs necessitate active monitoring and response 

to signals from the ISO and utility.  

2. There are significant regulatory and administrative hurdles to enrollment and maintenance of 

good standing in each program. 

3. BlocPower is an early-stage startup, and at this time its capital can be better allocated toward 

other core activities.  

This study does not recommend a specific aggregating entity, but we advise the client to partner with an 

aggregator that can offer enrollment in all viable DR programs in the region [13], and one who can 

accommodate additional assets that BlocPower may wish to enroll in the future. We believe partnering 

with an aggregator to be the prudent entrée into DR markets and encourage BlocPower to revisit this 



decision after the first few capability terms. This approach will allow the company to gather more data 

and better understand the impact of these programs on the portfolio.  

2. Approach  
Our approach was to examine the economics of hypothetical DR enablement projects across a sample of 

the client’s portfolio, assuming a given thermostat setback during DR events. We utilized generally 

accepted engineering equations to estimate the capacity and power savings of the intervention and 

conducted a discounted cashflow analysis to determine the profitability of each project.  

We first sought to understand the costs of readying the sample BlocPower portfolio (n=15) for 

participation in New York’s DR markets. This total cost would provide us with a revenue gate, an 

understanding how much revenue the DR-capable assets need to generate to make the economically 

viable.  

Second, we estimated the revenues the portfolio could generate. This necessitated that we understand 

how NYISO and the servicing utility (e.g., ConEd New York) compensated enrolled resources, and how 

much capacity we could curtail by changing the set point on the thermostat. In order to find the 

curtailable capacity, we needed to build a model that took as inputs the technical specifications of 

BlocPower’s assets and the average daily temperature to output kilowatts reduced. We also needed to 

build a Monte Carlo simulation based off of the correlation of temperature and DR events, so that we 

could determine the number of events of the ISO or utility would call over the lifetime of the asset and 

output the power (kilowatt hours) that would be pulled offline under the intervention. With these models 

in hand, we were able to determine the economic viability of BlocPower’s participation in DR programs 

under a variety of scenarios.  



2.1 Cost Model 

The cost model was created using project data provide by the client. The fundamental assumption of the 

engagement is that we would treat the cashflows for the demand response projects, the investments and 

costs of DR readiness and the revenues from program participation, as standalone projects. They are 

separated out from the financials of the retrofit projects that the client completes in the course of normal 

business. Conversations with client management, as well as with aggregators in the New York territory, 

have led to these cost components. 

Equation 1 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 𝑈𝑝𝑓𝑟𝑜𝑛𝑡 𝐶𝑜𝑠𝑡

=  ∑ 𝑆𝑚𝑎𝑟𝑡 𝑇ℎ𝑒𝑟𝑚𝑜𝑠𝑡𝑎𝑡 𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 ($) ∗ 𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓 𝑈𝑛𝑖𝑡𝑠 + 𝑊𝑖𝑓𝑖 𝑈𝑝𝑔𝑟𝑎𝑑𝑒 ($)

𝑁

1

+ 𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑏𝑜𝑟 ($) 

where N is the building ID (n=15)  

BlocPower installs two types of ASHPs: Multi-split (“MS”) and variable refrigerant flow (“VRF”) 

systems. The systems differ in design, and for the applicable purposes here VRF systems are designed 

for larger buildings, are typically of higher capacity, and more expensive than typical MS systems. Each 

type requires a different smart thermostat solution. Due to its lower cost and size the client’s customers 

often select MS systems for their projects After consultation with the client on the project engineering of 

each system, we decided upon the CoolMasterNet system as the solution for any VRF system, and the 

CoolMasterNet paired with the Flair Puck as the smart thermostat for any multi-split system (one 

thermostat per indoor unit) (see Appendix 1). 



 

Figure 3 - VRF System – Ferguson [14]   Figure 4 - Mini-split system – First Service [15] 

 We have consolidated costs of revenue and variable costs (e.g., the costs of smart thermostat operation, 

event signal relay, and performance reporting to the program administrator) into a fee due to the 

aggregating partner. While rates vary, conversations with the client lead us to assume a fee equal to 30% 

of revenue. Accordingly, we assume total fixed costs equal total project costs.  

It is important to note that they exclude the costs of the telemetric equipment needed to comply with 

NYISO and ConEd’s programs. This is because ConEd is in the midst of rolling out their SmartMeter 

program (completion expected end of 2022) [9], which will provide the telemetry equipment necessary 

without cost to customers or BlocPower. Another important note is that this model does not account for 

economies of scale: the model assumes flat per-unit prices for smart thermostats or Wi-Fi equipment. 

This is for two reasons: to incorporate economic conservatism into the analysis, and because the pricing 

data for bulk purposes was unavailable to us.  

2.2 Revenue Model 

The revenue derived from participation in New York DR programs can be split into two large buckets: 

payments for capacity reservation (denoted in $/kW) and payments for curtailment during events 

(denoted in $/kWh).  



Equation 2 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 𝑅𝑒𝑣𝑒𝑛𝑢𝑒

= ∑(∑ 𝑅𝑒𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑃𝑎𝑦𝑚𝑒𝑛𝑡𝑠 (
$

𝑘𝑊𝑚𝑜𝑛𝑡ℎ
) ∗

𝑃

1

𝐶𝑢𝑟𝑡𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑊)

𝑁

1

∗  𝑀𝑜𝑛𝑡ℎ𝑠𝐶𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑃𝑒𝑟𝑖𝑜𝑑 + 𝑀𝑎𝑥 [𝐶𝑢𝑟𝑡𝑎𝑖𝑙𝑚𝑒𝑛𝑡 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 (
$

𝑘𝑊ℎ
)] ∗ 𝐻𝑜𝑢𝑟𝑠𝐸𝑣𝑒𝑛𝑡

∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑣𝑒𝑛𝑡𝑠 ) 

where N is the building ID (n=15) and P = is the DR Program (SCR, DLRP, CSRP)) 

2.2.a. Capability Period 

NYISO’s SCR program runs year-round with two seasonal capability periods, May – September and 

October – April. New York utilities programs (e.g., ConEd’s DLRP and CSRP) have only one capability 

period, from May-September. For this project we focused exclusively on the summer capability period, 

and so the months term in the revenue equation is equal to 5, the number of months in the summer 

capability period. This is because the summer capability period consistently has the highest capacity 

payments from NYISO and is the only period in which the utility programs operate. As such, it is the 

time where the vast majority of the revenue is made. With the current incentive regime, the economic 

viability of DR projects is determined by the money made during the summer capability period. The 

winter payments are supplementary upside but are not material for the financial viability of NPV 

negative projects. Further conservative assumptions include that the event-hours term is the minimum 4 

hours mandated by the ConEd programs [12].  

2.2.b. Reservation Payments 

The SCR, DLRP, and DSASP are stackable; the same assets can be enrolled in all three programs 

simultaneously. This value stacking means that the Reservation Payment term in the revenue model is 

the sum of the SCR, DLRP, DSASP payments for each asset. Here again we see that DR programs 



Equation 3 

 

incentivize curtailment services in the most heavily congested parts of the grid; that Zone J is the most 

lucrative geography. The SCR capacity reservation price is determined by auction for each capability 

period. The mean winter period price from 2012 to 2019 is $5.17 /kW and the mean summer period 

price is $13.43/kW [4]. As of this writing, the capacity reservation payment for the summer capability 

period is around $6/kW [16]. ConEd’s reservation price is $18 per kilowatt for the DLRP program, and 

$18 or $25 per kilowatt for the CSRP (areas designated as high-congestion nodes within the distribution 

system receive $25/kW).  

2.2.c. Curtailable Capacity 

To find the curtailable capacity of the BlocPower portfolio, we needed to find the change in capacity 

utilized when we change the thermostat set point five degrees. To find this value, it was necessary to  

modify the effective full-load equations below [17].  

 

Equation 4 

The modifications we made to the above equations were to remove the delta SEER term and replace it 

with a delta EFLH term. The CDD term was made variable, serving as a proxy for a 5°F change in 

temperature. The modified equations become: 



∆𝑘𝑊ℎ𝐶𝑂𝑂𝐿 = 𝑆𝑦𝑠𝑡𝑒𝑚 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (
𝑘𝐵𝑡𝑢

ℎ𝑟
) ∗ (𝐸𝐹𝐿𝐻1 −  𝐸𝐹𝐿𝐻0) ∗  

1

𝑆𝐸𝐸𝑅
 

Equation 5 

𝐸𝐹𝐿𝐻𝑐 =
𝐶𝐷𝐷𝑥 ∗ [𝐸𝑣𝑒𝑛𝑡 𝐻𝑜𝑢𝑟𝑠]

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ℉ − 65℉
 

where CDDx = 70°F.  

Equation 6 

As inputs, we used the system capacity, Seasonal Energy Efficiency Ratio (SEER), and design 

temperature specifications of BlocPower’s portfolio systems (see Appendix 2 for example cut sheets). 

The independent variable is the CDDx value where CDD0 is calculated from a base 65°F and CDD1 from 

a base of 70°F, and the dependent variable becomes the change in kilowatts.  

2.2.d. Events  

Historically, demand response events in New York (excluding tests) have only occurred in the summer, 

which coincides with the peak season for the New York grid. [18]. It is intuitive that the hottest days of 

the summer, those with the highest air conditioning loads, will correlate with the highest demand, a 

higher likelihood for excessive stress on the grid, and a higher likelihood of DR events. However, to try 

Figure 5: NYISO Seasonal Hourly Demand Patterns: 2020 [18] 



to forecast future DR events for the 15-year life of the asset requires more rigor. Because we only had 

access to three years of temperature data and incomplete utility event data, the client did not believe we 

could back-test the portfolio. Instead, we used probabilistic analysis to determine the likelihood of daily 

temperatures over the course of the capability period, and logistic regression analysis to better 

understand the relationship between the temperature and DR events. The results of these analyses 

allowed us to forecast the average number of events and event-hours for a capability period.  

2.2.d.i. Probabilistic Analysis of Temperatures 

Using historical weather data for the three years of 2019 to 2021 [19], we determined the range, mean, 

and distribution of daily CDD values2 within each month of the capability period. Within each month, 

we grouped the daily temperature records into buckets ranging from lowest number of CDDs to highest 

and determined the historical probability mass and cumulative distribution functions. From this analysis 

we could estimate the probability of a given CDD value each day and construct a Monte Carlo 

simulation to forecast daily temperatures across multiple capability periods.  

2.2.d. ii. Logistic Regression 

A logistic regression (“logit model”) is an analysis that can help predict the likelihood of an event 

occurring. In this approach we relate a continuous independent variable to a binary dependent variable 

[20]. Specifically, we ran a logistic regression analysis on the historical temperature data and the 

Demand Response event records of NYISO and ConEd [4] [21]. This analysis allowed us to obtain an 

expression to relate the average daily temperature (the continuous variable) to the decision to call a DR 

event by NYISO or ConEd (the binary variable). By feeding the daily temperatures forecast by the 

Monte Carlo simulation into this logit model we were able to forecast DR events in New York City.  

 
2 CDD or Cooling Degree Day is a measure of the number of degrees away from the set point of 65 degrees Fahrenheit.  



3. Methods  

3.1. Costs 

We consulted with the client engineering team to estimate the costs of readying a system for DR. Table 

2 shows the cost disaggregation as an average across each category. See Appendix 4 for the cost 

breakdown of each individual project.  

Asset Type Average 

Sq. Ft 

Avg. 

Equipment Cost 

($K) 

Avg. Wi-Fi 

upgrade cost 

($K) 

Avg. 

Labor cost 

($K) 

Avg. Total 

Cost ($K) 

Cost 

per 

Sq. Ft 

Multi-split / 

Mini split 

6,839 3.70 0.64 3.08 7.42 $0.85 

VRF 17,461 1.64 0.87 2.04 4.55 $0.26 

Table 2 - Average Cost Disaggregation 

3.2 Revenue 

Our analysis of event frequency, portfolio capacity, and program compensation structures reveals that 

the primary drivers of revenue are total system size, and the size of the set of capacity reservation 

payments.  

3.2.a. Capacity 

  We used the specifications of the ASHPs BlocPower installed in the sample portfolio to obtain values 

for the Design Temperature, Seasonal Efficiency Ratio (SEER) and System Capacity (kBTUs/hour). We 

arrive at the estimated flexible capacity of the system by holding the event hours at a conservative four 

per event (the minimum contractual window for an event [12]) and changing the Set Point 5 degrees 

Fahrenheit which is equivalent to raising the threshold outside temperature for calculating CDD from 65 

to 70 degrees.  



3.2.b Events 

3.2.b.i. Probabilistic analysis of daily temperatures 

The three summers of data give a range from 0 to 23.40 CDD 65, with a mean CDD 65 value of 8.06 

(equivalent to 73°F), and standard deviation of 5.55 CDD. The histograms below show the count of days 

with a daily average CDD value for each month of the capability window. From these values we use 

probabilistic analyses to determine the probability of a given CDD value on any given day for each 

month (see Appendix 5 for the probability mass and cumulative distribution functions).  

3.2.b. ii. Logistic Regression 

The logistic regression of daily average temperature data during the capability periods from 2019-2021 

with historical NYISO SCR events of the same period yielded the following expression:  

𝑁𝑌𝐼𝑆𝑂 𝐸𝑣𝑒𝑛𝑡 =  −10.315 + 𝐶𝐷𝐷 ∗ 0.494  

Equation 7 

If Event > 0 then the expression should be interpreted to say that an event will occur. This implies that 

any day where CDD 65° is over 20.5 (i.e., temperature is at least 85°) will likely see an event called.  

This analysis shows that the temperature value accounts for 41.89 % of the variance in event calls. The 

relationship is statistically significant, with a p-value of 1.90 x 10-12.  

For ConEdison events we were unable to access historical DR event data of the same specificity as 

NYISO SCR events. The data we did have access to is a condensed form from CPower Management 

that summarizes over entire capability periods and over the entire territory (see Appendix 6) [21]. 

Consulting with the client team, we instead opted to forecast utility events heuristically by assuming 



ConEdison would call an event if either a NYISO zone-wide event were called, or if the forecasted 

temperature was in the 90th percentile or above of the historical data.  

3.2.c. Compensation 

Compensation rates from NYISO SCR program, and ConEd’s DLRP and CSRP programs are in Table 

3. ConEd’s DLRP contains two tiers of compensation, Tier I and Tier II. Tier II designates high-

congestion distribution-level networks that correspond to specific neighborhoods. The utility evaluates 

these designations annually [22] . For our analysis, we conservatively assume that no projects are in a 

Tier II network. It is notable that neither program indexes compensation to inflation, so the value of the 

payments will erode over time.  

Administrator NYISO ConEd 

Program SCR DLRP CSRP 

Capacity Payment 

($/kW/mo.) 

Determined at Auction. 

Average summer payment 

$13.43 

$18 for Tier 1 

$25 for Tier II 

$6 for Staten Island, 

Westchester 

$18 for Bronx, 

Brooklyn, Manhattan, 

Queens 

Curtailment 

Payment ($/kWh) 

Greater of LBMP or 

$0.5/kWh 

$1 $1 

Penalty for 

Underperformance 

“De-rating: Customer’s 

committed load curtailment is 

based on the reported average 

performance during 

curtailment events (including 

tests) in previous 12 months. 

Potential penalty up to 150% 

of Spot Auction price for 

deficient kW reduction.” [4] 

No penalty but de-

rating applies for 

under- Performance 

of 25% or less results 

in no payment. [4] 

No penalty but de-

rating applies for 

under- Performance of 

25% or less results in 

no payment. [4] 

Table 3: Summary of NYC Demand Response Programs 

3.3 Profitability  

Using a discount rate of 10% (an approximated weighted average cost of capital or WACC), and a 

project life equal to the fifteen-year term of the lease product, we conducted a discounted cash flow net 



present value analysis (a DCF – NPV). The results for the fifteen projects in the sample portfolio are 

summarized in Figure 10 below (see Appendix 7 for a project-specific accounting).  

4. Results 

4.1. Costs 

The cost breakdown presents a surprising insight: that MS systems, though applied to smaller building 

footprints, are more expensive to ready for DR programs than VRF systems. The reasons for this are due 

to the nature of the smart thermostat solution. From interviews with the client engineering team, it 

became clear that for multifamily residential buildings, the mesh Wi-Fi network generated by the Flair 

puck is insufficient for control, and significant costs must be incurred as the team must daisy-chain the 

pucks together and to a central module (e.g., CoolMasterNet) [23]. This additional equipment and labor 

costs are very significant: VRF systems cost 44.3% less on equipment, and 33.8% less on labor costs. 

The primary determinant of cost of DR readiness, therefore, is the choice of ASHP system. This presents 

a tension between the lower cost ASHP system (MS) and the lower cost of DR readiness (VRF).  
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4.2. Revenue 

4.2.a. Capacity 

As can be seen in Figure 6, the sample client portfolio contains a wide range of system capacities (from 

6 kW to over 250 kW). This is not surprising, as the portfolio contains single family residential 

properties, as well as houses of worship and multifamily apartment buildings. Analyzing each system in 

the client sample portfolio using the model equations, we found that approximately 4% of the total 

system capacity is flexible during an event (Figure 7). Intuitively, this implies that larger systems will 

provide more flexible capacity and that the flexible capacity of a system scales linearly with the total 

size of the system.  

 

 

 

 

 

 

Stable 
Capacity, 
95.63%

Flexible 
Capacity, 

4.37%

Flexible Capacity as Percent of Total Capacity 
under 5°F Intervention

Figure 6: Total and Reservable Capacity of Portfolio Figure 7: Average Flexible (Reservable) Capacity per Asset 



4.2.b. Events 

Using the findings of the probabilistic and logistic analyses, as well as the client-consensus assumptions 

on utility event forecasting, we constructed a Monte Carlo simulation to forecast future events.   

There are two key takeaways from these analyses. First, events are infrequent. This implies that projects 

electing to only enter the performance only programs will be less valuable than those enrolled in 

reservation-performance programs. For those projects, the primary source of project revenue will come 

from monthly capacity payments. Second, while the weather is a statistically significant predictor of 

NYISO events, there are other significant factors as well; future research investigating the impact of 

Locational Based Marginal Price (LBMP) and other factors could prove enlightening.  

These forecasts are limited by the fact that their inputs are historical, and the time series is small. They 

are not adjusted to the risk of higher temperatures or more frequent heat waves.  

4.2.c. Compensation 

Capacity Reservation payments ($/kW/month) are significantly higher than curtailment payments 

($/kWh). In a capability period with three events, each lasting four hours, a resource in Manhattan with 

1 kW of curtailable capacity would expect to receive $12 in curtailment performance payments (1kW * 

0

1

0

5

10

15

20

25

6/1/2022 7/1/2022 7/31/2022 8/30/2022 6/29/2023 7/29/2023 8/28/2023 6/27/2024 7/27/2024 8/26/2024

D
EG

R
EE

S 
A

B
O

V
E 

6
5

°F

Simulated Event Days During Summer Capability Period
2022 - 2024

Utility Event NYISO Event CDD 65

Figure 8: Forecasted NYC Capability Period 2022-2024 



$1/kWh * 4 hours * 3 events). That same resource would earn $245 in capacity reservation payments (1 

kW * ($18 /kW/mo. + $18/kW/mo. + $13/kW/mo.) * 5 months).  

 

Put another way, there would need to be 59 events during the capability window for the performance 

payments to break even with the capacity reservation payments ($245 - $12 / 4 hours = 58.25 events). 

From our event analysis above, this number of events would be extraordinary. This implies that given 

the option between a performance-only compensation program will always be dominated by a program 

that provides capacity reservation payments as well.  
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4.3. Profitability 

 

This discounted cash flow analysis provides three important insights. The first is that VRF projects 

(orange dots) tend to be NPV positive, while the majority of MS projects are NPV negative. This is 

consistent with our findings in the cost analysis – the costs in equipment and labor are significantly 

higher for MS systems— and this extra drag on earnings is too great for the revenues to overcome. The 

second is that no projects under 100 kW in total capacity are profitable. The third is subtler: for VRF 

systems, there appears to be a relationship between total system size and NPV value, while there does 

not appear to be any discernable relationship between system size and project value for MS systems.  
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Figure 10: 15 Year NPV of Portfolio. Orange dots denote VRF systems; Blue dots denote MS systems. 



5. Discussion 

5.1. 3-Part Framework: GeoCAT 

The results of our study provide a framework for identifying profitable demand response projects. The 

three components of the framework are Geography, Capacity, and Asset Type. The first two terms 

(Geography and Capacity) determine the prospective project’s revenue, while the third (Asset Type) 

determines the project’s costs. Projects that are the right asset type, the right size, and in the right 

location are NPV positive.  

 The reservation payment schedule is the key revenue driver because 

curtailment performance payments are dwarfed by capacity reservation 

payments (see Revenue section above). However, we use the term 

Geography in the framework instead of reservation payment because 

that value stack is itself determined by the NYISO auction prices for 

the transmission zone and where the project is in ConEd’s networks 

(i.e., Tier 2 or Tier 1), by the geographic location of the project. Because the primary revenue driver is 

capacity reservation payments, the amount of reservable capacity is a key determinant of topline 

revenue. As discussed in the capacity section (3.2), the model estimates that approximately four percent 

of the total ASHP system is flexible during the 5°F intervention.  

Figure 11: 3-Part Framework 

 



Table 4: Portfolio Split Along GeoCat Model 

 

Our model indicates that the decision is also driven by Asset Type. Under these assumptions, the 

expense of readying multi-split systems is too to generate a return without a relatively large curtailable 

capacity. This implies that some customers who will not be able to enroll with only an ASHP. The 

project does not generate enough revenue to make a return on the capital expenditure necessary to ready 

the asset for enrollment. This creates a financial risk for the client if it chooses to ready its entire 

portfolio for enrollment in New York DR programs. However, a smaller number of profitable projects in 

the portfolio could offset these losses. Tilting business development efforts using the 3-part framework 

outlined above, adding more profitable projects, can mitigate this risk.  

5.2. Study Limitations & Areas for Further Study 

The outcomes and recommendations of this study are limited by assumptions and data availability. As 

our forecasts are built using a short time series of three years, we may not be capturing the true range 

and probability distribution of temperature values across the capability period. Similarly, our 

recommendations are limited by the small sample size provided by the client (n=15). This places limits 

on how broadly generalizable these findings are, as they are subject to the idiosyncrasies of the projects 

provided. Finally, these recommendations rely heavily on modified equations to estimate the amount of 

Building ID Geography Total System Capacity (kW) Total Curtailable Capacity (kW) System Type 15 Year NPV

1 J - Tier I 253.21                                           11.08                                                    Multi-split / Mini-Split 13,551.10$        

2 J - Tier I 10.55                                             0.46                                                      Multi-split / Mini-Split (2,352.33)$         

3 J - Tier I 27.01                                             1.18                                                      VRF (499.75)$            

4 J - Tier II 19.34                                             0.85                                                      Multi-split / Mini-Split (844.10)$            

5 J - Tier I 54.85                                             2.40                                                      Multi-split / Mini-Split 2,201.26$          

6 J - Tier I 175.84                                           7.69                                                      VRF 9,141.67$          

7 J - Tier I 18.29                                             0.80                                                      Multi-split / Mini-Split (1,876.82)$         

8 J - Tier I 13.34                                             0.58                                                      Multi-split / Mini-Split (7,427.71)$         

9 J - Tier I 112.54                                           4.92                                                      Multi-split / Mini-Split (9,825.98)$         

10 J - Tier I 6.28                                               0.27                                                      Multi-split / Mini-Split (2,681.12)$         

11 J - Tier I 140.67                                           6.15                                                      VRF 5,457.86$          

12 J - Tier I 12.31                                             0.54                                                      Multi-split / Mini-Split (6,152.09)$         

13 J - Tier I 180.82                                           7.91                                                      VRF 8,094.18$          

14 J - Tier I 82.76                                             3.62                                                      Multi-split / Mini-Split (1,853.22)$         

15 J - Tier I 107.41                                           4.70                                                      VRF (11,864.26)$       



flexible capacity in each project. The values for flexible capacity do not arise from observation but from 

calculation; further studies should be undertaken to verify these values using actual meter data from the 

portfolio buildings.  

There are other substantive avenues for further research into the economic viability of ASHPs in New 

York DR programs. One such area of inquiry is the impact of the electrification of heating loads in the 

city on the winter peak demand and subsequently on the DR market. Another important one is the 

impact of rising summer temperatures driven by climate change, and the impact higher average 

temperature and more frequent heatwaves will have on the adoption and value of DR programs. We 

encourage the client, other firms in the space, and other academics to investigate these possibilities.  

  



6. Appendix 

6.1 – Flair Puck & CoolMasterNet cutsheets  

Flair Puck Cut Sheet 

[24]  

https://s3.amazonaws.com/s3.supplyhouse.com/product_files/Flair-FLAIRPUCK001P-Submittal-Sheet.pdf


 

Technical Data (coolautomation.com) [25] 

 

https://coolautomation.com/wp-content/uploads/sites/2/2019/11/CMNet-Tech-Data.pdf


6.2 – Example Mini-split Multi-split and VRF system cut sheets  

 



  



6.3 - ConEdison Demand Response Aggregator List 



6.4 – Portfolio DR Readiness Cost Disaggregation  

 

** created using price quotes from client  

  

Number Building Square Feet Type of ASHP Equipment Wifi Upgrade Labor Total Cost

1 21,450                           Multi-split / Mini-Split 6,104$                 600$                        11,643$       18,347$           

2 2,900                             Multi-split / Mini-Split 1,526$                 600$                        863$             2,989$              

3 1,920                             VRF 1,640$                 1,000$                     490$             3,130$              

4 7,941                             Multi-split / Mini-Split 436$                    600$                        436$             1,472$              

5 8,520                             Multi-split / Mini-Split 2,616$                 600$                        5,017$         8,233$              

6 20,250                           VRF 1,640$                 675$                        505$             2,820$              

7 1,300                             Multi-split / Mini-Split 327$                    600$                        183$             1,110$              

8 2,500                             Multi-split / Mini-Split 981$                    600$                        588$             2,169$              

9 5,000                             Multi-split / Mini-Split 1,526$                 600$                        907$             3,033$              

10 2,040                             Multi-split / Mini-Split 654$                    600$                        479$             1,733$              

11 23,720                           VRF 1,640$                 1,000$                     4,255$         6,895$              

12 2,620                             Multi-split / Mini-Split 981$                    600$                        549$             2,130$              

13 29,664                           VRF 1,640$                 1,000$                     4,209$         6,849$              

14 14,120                           Multi-split / Mini-Split 5,450$                 1,000$                     10,169$       16,619$           

15 11,753                           VRF 1,640$                 675$                        745$             3,060$              



6.5 – Histogram, Probability Mass Function, Cumulative Probability Distribution Function  



 

6.6 – Summary of ConEdison DR Event Calls [21] 

  



6.7 – Portfolio DCF & Summary 

 

 

  

Upfront cost 55,951.00$      

startup costs 41,036.73$      

Total capitalized costs 55,951.00$      

Immediate costs 96,987.73$      

Depreciation (# yrs) 15

Book value at 15yrs 0

Annual depreciation expense 3,730.07$        

Cleanup yr 15 0

Working Capital 0

Tax rate 21%

WACC 15%

Growth rate 0%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

One time costs (41,036.73)$     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Annual operating net revenue (80,587.73)$    9,683.89$        9,683.89$        9,683.89$        9,683.89$        9,683.89$        9,683.89$       9,683.89$       9,683.89$       9,683.89$      9,683.89$      9,683.89$      9,683.89$      9,683.89$      9,683.89$      9,683.89$      

1 (18,347.19)$     2,009.41$         2,009.41$         2,009.41$         2,009.41$         2,009.41$         2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       2,009.41$       

2 (2,989.15)$       83.73$              83.73$              83.73$              83.73$              83.73$              83.73$             83.73$             83.73$             83.73$             83.73$             83.73$             83.73$             83.73$             83.73$             83.73$             

3 (3,129.73)$       214.34$            214.34$            214.34$            214.34$            214.34$            214.34$           214.34$           214.34$           214.34$          214.34$          214.34$          214.34$          214.34$          214.34$          214.34$          

4 (1,472.03)$       174.23$            174.23$            174.23$            174.23$            174.23$            174.23$           174.23$           174.23$           174.23$          174.23$          174.23$          174.23$          174.23$          174.23$          174.23$          

5 (8,232.99)$       435.29$            435.29$            435.29$            435.29$            435.29$            435.29$           435.29$           435.29$           435.29$          435.29$          435.29$          435.29$          435.29$          435.29$          435.29$          

6 (2,819.74)$       1,395.42$         1,395.42$         1,395.42$         1,395.42$         1,395.42$         1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       1,395.42$       

7 (1,109.55)$       164.72$            164.72$            164.72$            164.72$            164.72$            164.72$           164.72$           164.72$           164.72$          164.72$          164.72$          164.72$          164.72$          164.72$          164.72$          

8 (2,169.29)$       105.87$            105.87$            105.87$            105.87$            105.87$            105.87$           105.87$           105.87$           105.87$          105.87$          105.87$          105.87$          105.87$          105.87$          105.87$          

9 (3,033.10)$       893.04$            893.04$            893.04$            893.04$            893.04$            893.04$           893.04$           893.04$           893.04$          893.04$          893.04$          893.04$          893.04$          893.04$          893.04$          

10 (1,732.63)$       49.82$              49.82$              49.82$              49.82$              49.82$              49.82$             49.82$             49.82$             49.82$             49.82$             49.82$             49.82$             49.82$             49.82$             49.82$             

11 (6,895.05)$       1,116.34$         1,116.34$         1,116.34$         1,116.34$         1,116.34$         1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       1,116.34$       

12 (2,130.02)$       97.68$              97.68$              97.68$              97.68$              97.68$              97.68$             97.68$             97.68$             97.68$             97.68$             97.68$             97.68$             97.68$             97.68$             97.68$             

13 (6,848.73)$       1,434.89$         1,434.89$         1,434.89$         1,434.89$         1,434.89$         1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       1,434.89$       

14 (16,618.52)$     656.78$            656.78$            656.78$            656.78$            656.78$            656.78$           656.78$           656.78$           656.78$          656.78$          656.78$          656.78$          656.78$          656.78$          656.78$          

15 (3,060.03)$       852.34$            852.34$            852.34$            852.34$            852.34$            852.34$           852.34$           852.34$           852.34$          852.34$          852.34$          852.34$          852.34$          852.34$          852.34$          

Depreciation expense -$                   (3,730.07)$       (3,730.07)$       (3,730.07)$       (3,730.07)$       (3,730.07)$       (3,730.07)$      (3,730.07)$      (3,730.07)$      (3,730.07)$     (3,730.07)$     (3,730.07)$     (3,730.07)$     (3,730.07)$     (3,730.07)$     (3,730.07)$     

EBIT (121,624.45)$  5,953.82$         5,953.82$         5,953.82$         5,953.82$         5,953.82$         5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       5,953.82$       

Tax (expense) asset 25,541.14$      (1,250.30)$       (1,250.30)$       (1,250.30)$       (1,250.30)$       (1,250.30)$       (1,250.30)$      (1,250.30)$      (1,250.30)$      (1,250.30)$     (1,250.30)$     (1,250.30)$     (1,250.30)$     (1,250.30)$     (1,250.30)$     (1,250.30)$     

NOL Adjustment -$                   1,250.30$         1,250.30$         1,250.30$         1,250.30$         1,250.30$         19,289.62$     -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Net Income (96,083.32)$     5,953.82$         5,953.82$         5,953.82$         5,953.82$         5,953.82$         23,993.14$     4,703.52$       4,703.52$       4,703.52$       4,703.52$       4,703.52$       4,703.52$       4,703.52$       4,703.52$       4,703.52$       

Depreciation addback -$                   3,730.07$         3,730.07$         3,730.07$         3,730.07$         3,730.07$         3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       3,730.07$       

Capex, Salvage & cleanup (55,951.00)$     -$                   -$                   -$                   -$                   -$                   -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Change in Working Capital 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FCF (152,034.32)$  9,683.89$         9,683.89$         9,683.89$         9,683.89$         9,683.89$         27,723.21$     8,433.59$       8,433.59$       8,433.59$       8,433.59$       8,433.59$       8,433.59$       8,433.59$       8,433.59$       8,433.59$       

PV (FCF) (152,034.32)$  8,420.77$         7,322.41$         6,367.31$         5,536.79$         4,814.60$         11,985.51$     3,170.50$       2,756.95$       2,397.35$       2,084.65$       1,812.74$       1,576.30$       1,370.69$       1,191.91$       1,036.44$       

NPV (152,034.32)$  (143,613.55)$  (136,291.14)$  (129,923.82)$  (124,387.03)$  (119,572.42)$  (107,586.91)$ (104,416.42)$ (101,659.46)$ (99,262.11)$   (97,177.46)$   (95,364.72)$   (93,788.42)$   (92,417.73)$   (91,225.82)$   (90,189.38)$   

NPV Total (90,189.38)$     

IRR 0.00%

Number Building SF Building RTs Type of ASHP Equipment Cost Wifi Upgrade Cost Labor Total Cost Average Annual Revenue ($) 15 Year NPV

1 21,450           72.00              Multi-split / Mini-Split 6,104$                   600$                          11,643$         18,347$         2,009.41$                                      13,551.10$     

2 2,900             3.00                Multi-split / Mini-Split 1,526$                   600$                          863$              2,989$           83.73$                                           (2,352.33)$      

3 1,920             7.68                VRF 1,640$                   1,000$                       490$              3,130$           214.34$                                         (499.75)$         

4 7,941             5.50                Multi-split / Mini-Split 436$                      600$                          436$              1,472$           174.23$                                         (844.10)$         

5 8,520             15.60              Multi-split / Mini-Split 2,616$                   600$                          5,017$           8,233$           435.29$                                         2,201.26$       

6 20,250           50.00              VRF 1,640$                   675$                          505$              2,820$           1,395.42$                                      9,141.67$       

7 1,300             5.20                Multi-split / Mini-Split 327$                      600$                          183$              1,110$           164.72$                                         (1,876.82)$      

8 2,500             3.79                Multi-split / Mini-Split 981$                      600$                          588$              2,169$           105.87$                                         (7,427.71)$      

9 5,000             32.00              Multi-split / Mini-Split 1,526$                   600$                          907$              3,033$           893.04$                                         (9,825.98)$      

10 2,040             1.79                Multi-split / Mini-Split 654$                      600$                          479$              1,733$           49.82$                                           (2,681.12)$      

11 23,720           40.00              VRF 1,640$                   1,000$                       4,255$           6,895$           1,116.34$                                      5,457.86$       

12 2,620             3.50                Multi-split / Mini-Split 981$                      600$                          549$              2,130$           97.68$                                           (6,152.09)$      

13 29,664           51.41              VRF 1,640$                   1,000$                       4,209$           6,849$           1,434.89$                                      8,094.18$       

14 14,120           23.53              Multi-split / Mini-Split 5,450$                   1,000$                       10,169$         16,619$         656.78$                                         (1,853.22)$      

15 11,753           30.54              VRF 1,640$                   675$                          745$              3,060$           852.34$                                         (11,864.26)$    
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