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About NEEP & the Regional EM&V Forum 

 

 

 

NEEP was founded in 1996 as a non-profit whose mission is to serve the Northeast and Mid-Atlantic to accelerate energy 

efficiency in the building sector through public policy, program strategies and education. Our vision is that the region will 
fully embrace energy efficiency as a cornerstone of sustainable energy policy to help achieve a cleaner environment and 

a more reliable and affordable energy system. 
 

The Regional Evaluation, Measurement and Verification Forum (EM&V Forum or Forum) is a project facilitated by 
Northeŀǎǘ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ tŀǊǘƴŜǊǎƘƛǇǎΣ LƴŎΦ όb99tύΦ ¢ƘŜ CƻǊǳƳΩǎ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ŀ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǘƘŜ 
development and use of common and/or consistent protocols to measure, verify, track, and report energy efficiency and 

other demand resource savings, costs, and emission impacts to support the role and credibility of these resources in 
current and emerging energy and environmental policies and markets in the Northeast, New York, and the Mid-Atlantic 

region.  
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The Cadmus Group, Inc. (Cadmus) is a nationally recognized energy and environmental consulting firm committed to 

delivering services and solutions that create social and economic value and improve peopleôs lives. Our multidisciplinary 
staff of professionals provides technical expertise across the full spectrum of energy, environmental, public health, and 
sustainability consulting. The Energy Services Division at Cadmus works with utilities, regulatory commissions, and other 

organizations to provide comprehensive services that encompass all aspects of energy efficiency and demand response 
program planning, design, and evaluation; renewables and distributed generation; and carbon and greenhouse gas 

emissions.  
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0 Executive Summary 

The Northeast Energy Efficiency Partnerships (NEEP) Evaluation, Measurement, and Verification Forum 

(EM&V Forum) conducts research studies to support energy-efficiency programs and policy in the 

Northeast and Mid-Atlantic states.  In 2012, the EM&V Forum and its Sponsors commissioned this 

Variable Speed Drive (VSD) Loadshape study to determine the hourly energy and demand impacts of 

variable speed drives installed on HVAC equipment in existing nonresidential buildings throughout the 

Northeast and Mid-Atlantic.  

Between 2013 and 2014Σ /ŀŘƳǳǎ ŀƴŘ 5aL όǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳύ ǿƻǊƪŜŘ ǿƛǘƘ ǘƘŜ 9aϧ± CƻǊǳƳΩǎ 

Technical Committee to complete this study. This report describes the study objective, methods, and 

resultsΣ ŀƴŘ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ŦǳǘǳǊŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ 

variable speed drive projects.  

0.1 Objective 
The EM&V Forum commissioned this study to assess the annual, peak, and hourly demand impacts from 

VSD installations. The study focused on VSD retrofit projects on heating, ventilation, and air conditioning 

(HVAC) equipment in existing commercial buildings using rŜōŀǘŜǎ ŦǊƻƳ ǘƘŜ {ǇƻƴǎƻǊΩǎ ǇǊŜǎŎǊƛǇǘƛǾŜ ±{5 

programs. Through primary and secondary data collection and analysis, the evaluation team developed 

hourly demand savings estimatesτsavings loadshapesτfor VSDs installed on various HVAC equipment 

types across the Northeast and Mid-Atlantic states.1  The study uses these loadshapes to calculate key 

savings metrics, including average annual energy savings and demand savings during peak periods, 

attributed to VSD retrofit projects across the NEEP states.  

The EM&V Forum provides these study results and primary data to its members to support Sponsor 

activities including regulatory filings for energy-efficiency programs, demand resource values submitted 

to forward-capacity markets, and air quality research. 

0.2 Methods 
The study results rely on extensive on-site data collection and metering, including more than 400 VSD 

installations across eight states, and thorough engineering and statistical analysis for the population of 

prescriptive VSD retrofit projects installed by NEEP Sponsors in 2010 and 2011. The study also leveraged 

data from the 2013 Massachusetts study of VSD installations that included both pre-retrofit and post- 

retrofit metering (Massachusetts Pre/Post VSD Study).2   

                                                             
1 The Northeast and Mid-Atlantic states include Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, 
Connecticut, Delaware, New York, Pennsylvania, Maryland, and Washington D.C. 
2 KEMA, Inc. and DMI, Inc., Impact Evaluation of 2011-2012 Prescriptive VSDs, May 2013. 
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0.2.1 Population Analysis 

The evaluation team analyzed program tracking data for VSD installations from 12 participating program 

administrators in eight states (Table 1). For each participating Sponsor, the table indicates the 

associated state(s) and weather region(s) for implemented projects. We used the six weather regions 

defined in the previous NEEP EM&V loadshape project.3  

Table 1. Participating Program Administrators, States, and Weather Regions 
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Baltimore Gas and Electric (BG&E)   É 
 

  
 

   ̧     
Connecticut Light and Power (CL&P)* É   

 
  

 
      ̧  

Consolidated Edison of New York (Con Edison)    
 

 É 
 

  ̧      

Efficiency Maine Trust (EMT)  É  
 

  
 

     ̧   

Efficiency Vermont (EV)    
 

  
 
É     ̧   

First Energy   É 
 

  
 

   ̧     

Long Island Power Authority (LIPA)    
 

 É 
 

  ̧      

National Grid    É   É     ̧   ̧  

NSTAR Electric (NSTAR)*    É   
 

    ̧    

NYSERDA    
 

 É 
 

  ̧      ̧

Pepco   É 
 

  
 

   ̧     
Public Service of New Hampshire (PSNH)*    

 
É  

 
     ̧   

* CL&P, NSTAR, and PSNH are part of Northeast Utilities. 

 

Based on this review, the EM&V forum agreed to focus the study on prescriptive VSD installations 

completed in 2010 or 2011 on the following equipment types:  

¶ Supply Fans (SF) 

¶ Return Fans (RF) 

¶ Cooling Water Pumps (CWP) 

¶ Heating Water Pumps (HWP) 

                                                             
3 KEMA, Inc., C&I Unitary HVAC Load Shape Project Final Report, June 2011. 
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¶ Water Source Heat Pump Circulation Pumps (WHP) 

These five equipment types represent the VSD installations with the largest annual energy savings 

across the NEEP Sponsor territories.  

0.2.2 Sampling 

Due to the objectives to capture five equipment types and analyze regional differences, the desire to 

represent each study Sponsor, and limited auxiliary data for the study population, the evaluation team 

developed a unique multi-stage, multi-phase sampling strategy. We implemented this staged and 

phased sampling approach to develop the study sample of VSD projects (tracked projects with VSD 

installations) and units (specific VSD installations). This approach enabled the team to conduct targeted 

sampling to pursue adequate representation for each Sponsor, weather region, and equipment type, 

while ensuring that the sample was representative of the regional population of VSD installation within 

each equipment type category.  

Sampling Stages 

We performed two stages of sampling because the only relevant auxiliary variables for the population 

were project size (tracked annual energy savings) and weather region. Although the sampling objective 

was to collect a representative sample of the five selected equipment types, the evaluation team could 

not sample based on equipment type because some program tracking data did not include these data.   

In the first stage, we sampled projects based on project size and weather region. In the second stage, we 

sampled units within each sampled project to target the appropriate equipment type for this study. 

Sampling Phases 

Because the tracking data did not include equipment type information for all projects and some 

equipment types were more prevalent than others, we performed multiple phases of sampling to 

ensure adequate representation of all five selected equipment types in the study sample.  

In the first phase, we sampled projects (with the sample size set to 50% of the total project sample size) 

and then analyzed the distribution of equipment types from those Phase 1 projects. For subsequent 

sampling phases, we minimized selection of the equipment types (SF and CWP) that were most common 

in the previous sampling phases, to maximize selection of the less-common equipment types (RF, HWP, 

and WHP). 

0.2.3 Data Collection 

The study required extensive data collectionτincluding on-site data collection and long-term metering 

for over 400 VSD installationsτto support this study.  Table 2 summarizes the primary and secondary 

data collection activities we completed between June 2012 and September 2013. 
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Table 2. Data Collection Activities 

Activity Description 

Primary Data 

Sponsor Tracking 

Data 

The evaluation team collected and reviewed the tracking data for VSD installations completed 

ǘƘǊƻǳƎƘ ǘƘŜ {ǇƻƴǎƻǊΩǎ ǇǊƻƎǊŀƳǎΦ ²Ŝ ǳǎŜŘ ǘƘŜǎŜ Řŀǘŀ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ǎǘǳŘȅ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ 

design the study sample.  

On-Site Survey 

and Metering 

Equipment Inspection and Survey 

The evaluation team surveyed facility staff for sampled projects to collect information about 

normal facility and equipment operation and baseline conditions. We used these data to 

develop our models for both VSD and baseline loadshapes.  

Metering 

The team installed power-metering equipment on sampled units to measure the energy 

consumption of VSD-controlled equipment throughout the year between August 2012 and 

September 2013.  We used these data to model the hourly operation and electric demand of 

VSD-controlled units. 

Secondary Data 

Existing Savings 

Values, Methods 

or Assumptions 

for VSDs  

TRM Review  

The team reviewed the existing savings methods and assumption in the SponsorsΩ Technical 

Reference Manuals. We used this information to compare the results of our study to existing 

savings claims.  

Review of Existing VSD Savings Methods 

The team reviewed common methods for estimating energy and demand savings from VSD 

installations.  We used this information to develop our baseline demand model. 

Massachusetts Pre/Post Metering Study 

The team reviewed the meter data and analysis results from the Massachusetts Pre/Post 

Installation VSD Study. We used these data and findings to develop and verify our baseline 

demand model. 

Historical and 

Actual Weather 

Data 

The team collected actual and TMY hourly weather data for the Northeast and Mid-Atlantic 

weather regions. We used actual hourly data to examine relationships between VSD power 

and ambient weather conditions. We applied those relationships to TMY data to predict VSD 

power during typical weather years. 

 

0.2.4 Data Analysis 

The evaluation team used primary and secondary data to develop estimates of the savings loadshapes 

and savings metrics for each sampled unit, based on models that use the hourly operation and power 

schedules for the pre- and post-retrofit conditions as well as typical calendar year weather conditions. 

We used these unit-level models to estimate savings loadshapes and metrics based on typical weather 

year conditions. 

Hourly Operating Schedule 

The hourly operating schedule indicates the percentage of time in each hour of the year that we expect 

the unit to operate.  Taking into consideration factors such as operating season, operating schedules, 
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and unit type, we used our meter and survey data to develop the post-retrofit operating schedule for 

each unit.  

Due to limited information about pre-retrofit operation, we assumed that the pre-retrofit (baseline) 

operating schedule was the same as the observed post-retrofit (VSD) operating schedule. Although we 

confirmed that a VSD installation could change both the operating power and the operating hours of the 

connected equipment, we determined through discussions with the NEEP Technical Committee that this 

study would focus only on the savings achieved by power reductions resulting from the VSD installation.  

Hourly VSD Power Model 

We developed a VSD power model for each unit to estimate the electric demand required by the unit 

when it operates with the connected VSD. We analyzed relationships between measured operating 

power and four variables: operating season, day type, hour, and outdoor temperature. We used the 

relationships to develop a set ƻŦ ƘƻǳǊƭȅ ƳƻŘŜƭǎ ŦƻǊ ŜŀŎƘ ǳƴƛǘ ǘƘŀǘ ǇǊŜŘƛŎǘ ǘƘŜ ǳƴƛǘΩǎ ƘƻǳǊƭȅ ǇƻǿŜǊ 

demand based on a typical calendar year weather.  

Figure 1 shows an example of our hourly modeling approach for a unit that exhibited temperature 

dependence. The first row shows the actual hourly VSD demand plotted by temperature for weekdays 

and weekends. The second row shows our modeled hourly output for the same temperature data.  In 

each figure, the colors indicate the different hourly models.  

Figure 1. Examples of Hourly Models for Temperature-Dependent Units 

  

Metered Power 

Modeled Power 
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Hourly Pre-Retrofit Power Model 

Because this study did not include pre-retrofit  observations or measurements, we developed a baseline 

model using a combination of primary and secondary data to estimate the typical hourly operating 

power. In particular, we used meter data from the Massachusetts Pre/Post VSD Study to guide and 

verify our baseline assumptions. Table 3 summarizes our modeling approach for pre-retrofit systems.  

Table 3. Baseline Model Approach on Baseline System Type 

Baseline Category* Approach for Estimating the Pre-Retrofit Performance Curve 

Constant Volume (CV) Equipment operates at constant full load power (100% FLP) during all operating hours. 

Variable Volume (VV) 

Equipment operates at same flow rate as post-retrofit equipment. Estimate pre-

retrofit power using measured hourly post-retrofit power and DOE-2 eQUEST 

performance curves.4 

* Based on information provided by facility staff; otherwise, determined based on distribution of known baseline 

types within the equipment category.  

 

We assigned all units to one of two baseline categoriesτconstant volume (CV) or variable volume 

(VV)τbased on information provided by the facility staff during our on-site surveys. This baseline 

category determined the baseline performance curve we used to estimate pre-retrofit operating power.  

Several key observations from our on-site surveys, secondary data reviews, and experience with existing 

commercial buildings shaped this baseline model.  These are: 

¶ The majority of HVAC fan and pump motors operate at constant power in the pre-retrofit 

condition, where we defined the pre-retrofit condition as the period immediately before 

participating in a prescriptive VSD retrofit program. 

¶ Pre-retrofit meter data from the Massachusetts Pre/Post VSD Study indicated a strong 

correlation between the measured average pre-retrofit operating power and the rated motor 

horsepower.  

¶ Although VSDs are able to reduce both operating power and operating hours, changes in the 

operating schedule between the pre- and post-retrofit conditions are difficult to quantify 

without adequate pre-retrofit data. For this study, we assumed the pre-retrofit operating hours 

matched the post-retrofit operating hours.5 

Unit-Level Loadshapes and Savings Metrics 

We used our models for operating schedule, VSD power, and baseline power to estimate the pre-retrofit 

(baseline) and post-retrofit (VSD) hourly demand loadshape for each unit. As indicated in Figure 2, we 

                                                             
4 http://www.doe2.com/equest/  
5 This assumption likely results in understated savings for VSD retrofit installations since we do not account for any 
impacts of reduced schedules but expect that VSD retrofits allow for these additional savings. 

http://www.doe2.com/equest/


 

vii 

calculated the savings loadshape by subtracting the hourly VSD loadshape from the hourly baseline 

loadshape.   

Figure 2. Calculation for the Unit-Level Savings Loadshape 

 

We then used these unit-level savings loadshapes to calculate key savings metrics for each unit, 

including annual energy and peak demand savings. 

0.2.5 Aggregation Analysis 

In a typical evaluation study, the evaluation team predefines the aggregation method based on the 

sample design. This approach typically involves using sampling weights to aggregate the sampled unit 

observations in order to produce a population-level estimate of the result.  In this study, due to the 

observed diversity in unit-level operating characteristics and distinct populations of temperature-

dependent and temperature-independent units, we developed and compared four different methods of 

aggregation to analyze these differences in an aggregation analysis. 

We worked with the NEEP Technical Committee to develop four methods as options for aggregating the 

unit-level data into population results.  Each method uses a different combination of unit-level data to 

develop the population results, representing different assumptions that can be made about 

differentiating or combining unit subpopulations across weather regions. 

We developed a set of formulas to estimate the aggregated results for subpopulations of units (e.g., 

temperature-dependent supply fans in the Mid-Atlantic weather region) and to combine those 

subpopulation results to obtain overall population results (e.g., supply fans in the Northeast). For each 

aggregation method, we used these formulas to produce population-level savings estimates with 

populations defined by equipment type and weather region.  

In collaboration with the NEEP Technical Committee, we examined and compared the results of these 

calculations to select the aggregation method that provides the most accurate and useful result to the 

study Sponsors. We selected the aggregation method (Method D) that combines all unit data within 

each equipment category across weather regions. We used aggregation Method D to develop a single 

set of weighted average loadshapes and savings metrics for each equipment type that applies across the 

northeast region.  

Unit Pre-

Retrofit 

Loadshape 

Unit Post-

Retrofit 

(VSD)  

Loadshape 

Unit 

Savings 

Loadshape 
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0.3 Results 
Using the results of the aggregation analysis, the evaluation team combined the unit-level savings 

results to develop average savings results for VSDs installed across the NEEP region. Although we 

expected to observe significant regional differences in VSD performance, our observations and analysis 

highlighted unexpected findings that guided our final approach and presentation of results.  The final 

study results represent the average per-horsepower savings achieved from VSD retrofits on key HVAC 

systems in existing nonresidential buildings.  

In this section, we describe the final study sample, our observations about the performance of the 

sampled units, our findings about baseline systems, key assumptions that shape the analysis and results, 

and our estimates of the average energy and peak demand savings achieved by VSD installations.  We 

follow the presentation of results with a discussion of the how the Sponsors may use the results for 

future programs and the key findings that influenced the final analysis. 

0.3.1 Final Sample 

The savings results in this study rely on the primary data the evaluation team collected from the final 

sample of VSD projects and units. Table 4 shows the final sample of metered units by equipment type 

and weather region.  

Table 4. Final Sample of Equipment Type by Weather Region 

Equipment Type DNY MAT NEE NEN NES UNY Total Pct. of Total 

Supply Fans (SF) 35 24 21 23 20 8 131 33% 

Return Fans (RF) 9 15 13 17 4 2 60 15% 

Cooling Water Pumps (CWP) 4 20 22 53 3 7 109 28% 

Hot Water Pumps (HWP) 5 6 3 40 11 12 77 20% 

Water Source Heat Pump 

Circulation Pumps (WHP) 
3 0 1 8 3 0 15 4% 

Total 56 65 60 141 41 29 392 100% 

Percent of Total 14% 17% 15% 36% 10% 7% 100% NA 

Weather Regions: DNY = Downstate New York; MAT = Mid-Atlantic; NEE = New England East; NEN = New England 
North; NES = New England South; UNY = Upstate New York 

 

The final sample includes 392 VSD installations across all weather regions and equipment types.  We 

stratified by weather region in our sampling approach, so that the number of sampled projects across 

the weather regions would be representative of the distribution in the population.  Due to our phased 

sampling approach, the overall distribution of equipment types may not represent of the overall 

population of prescriptive VSD installations (i.e., supply fans likely represent more than 33% of the 

installations overall). However, within each equipment type category, the distribution of units across 

weather regions likely represents the distribution in the population. We used sampling weights at both 

the project and unit levels to account for any differences in the sampling and population distributions. 



 

ix 

Figure 3 shows the distribution of motor sizes in the final sample. In each figure, the x-axis shows the 

range of motor sizes eligible for the study sample (0 to 200 horsepower) and the y-axis indicates the 

percentage of motors in the sample for each motor size. 

Figure 3. Distribution of Motor Sizes (motor hp) by Equipment Type 

Supply Fans 
(SF) 

 

Return Fans 
(RF) 

 

Cooling 

Water Pumps 
(CWP) 

 

Hot Water 

Pumps 
(HWP) 

 

WSHP 
Circulation 

Pumps 
(WHP) 

 
 Motor Size (hp) 

 

To be consistent with the typical guidelines for prescriptive VSD incentives in the {ǇƻƴǎƻǊǎΩ programs, 

we included all VSDs on motors up to 200 horsepower in the study population. We excluded units from 

the sample based on motor size only if the motor was larger than 200 hp. Other than this exclusion of 
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large motors, this motor size distribution represents the overall population of prescriptive VSD 

installations for each equipment type. 

Figure 4 shows the distribution of building types in the final sample. The bars in the table indicate the 

relative distribution of each building type compared to the others. 

Figure 4. Distribution of Building Types in Final Sample 

 
 

The evaluation team developed the list of 12 building types as part of the data collection protocols. 

During the site visits, the evaluation team verified or determined the building type for each sampled site 

and assigned each site to one of the 12 listed building types. We did not exclude any projects based on 

building type, so we believe this distribution is representative the overall population distribution. 

Although we expect building type to be an influential parameter in VSD performance, we could not 

stratify the sample by building type due to limitations in the project scope and auxiliary data. In 

addition, the diversity operating schedules and strategies across the sample suggests that building type 

is not a reliable indicator of VSD performance. 

0.3.2 Observed Variation in VSD Operation 

Throughout the data collection and analysis activities, the evaluation team observed significant variation 

in the operating patterns of sampled units. Figure 5 shows an example of the differences in operating 

schedules (e.g., continuous operation vs. scheduled operation) and in operating power (e.g., constant vs. 

variable power).   

Building Types Percent of Sample

Office 35%

Restaurant 0%

College/University (non-Residential) 20%

Industrial/Manufacturing 5%

Retail 2%

Hospital 8%

K-12 11%

Warehouse 1%

Grocery 0%

Multifamily/Dormitory 9%

Hotel/Motel/Lodging 4%

Other 7%
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Figure 5. Examples of Observed Variation in VSD Operation 

 
Continuous (24/7) Operation Scheduled Operation 

Constant 
Power 

  

Variable 

Power 

  
 

In addition to differences in equipment schedules and power settings, factors such as motor 

configuration and seasonality increased the variation in our models of VSD demand and savings.  We 

used all of these factors to develop annual estimates of energy and demand savings at the unit level. 

0.3.3 Estimates of Baseline Operation 

Because this study focused on post-installation operation of equipment with VSDs, we relied on facility 

staff to describe pre-retrofit  operation for all sampled.  We used this survey information to develop an 

initial distribution of baseline categories, then re-assigned any VSD or unknown baseline categories to 

develop the adjusted distribution for the savings analysis. Table 5 shows the initial and adjusted 

distributions of baseline categories for each equipment type.  

Table 5. Reported Baseline (Pre-Retrofit) Category 

Baseline Category SF RF CWP HWP WHP All 

sample n = 131 n = 60 n = 109 n = 77 n = 15 n = 392 

Initial Distribution 

Constant volume  (CV) 31% 42% 35% 25% 40% 33% 

Variable volume (VV) 1% 6% 0% 0% 0% 2% 

Variable speed drive*  1% 2% 0% 0% 0% 1% 

Unknown**  66% 50% 65% 75% 60% 65% 

Adjusted Distribution***  

Constant volume 97% 92% 100% 100% 100% 98% 

Variable volume 3% 8% 0% 0% 0% 2% 
* Based on discussions with the NEEP Technical Committee, we reassigned VSD baselines to either CV or VV. Since 
VSDs are not an eligible baseline for any Sponsor programs, the team elected to remove this baseline category 
from the final analysis. 
** The high percentage of units with unknown baselines is likely due to the elapsed time (minimum of one year) 
since the site installed the VSDs. 
** * We assigned all equipment with VSD or unknown baselines by randomly assigning the unit to a CV or VV 
baseline based ƻƴ ǘƘŜ ǇǊƻōŀōƭȅ ƻŦ ǘƘƻǎŜ ōŀǎŜƭƛƴŜǎ ƻŎŎǳǊǊƛƴƎ ƛƴ ǘƘŜ ƛƴƛǘƛŀƭΣ ƻǊ άƪƴƻǿƴέ ŘƛǎǘǊƛōǳǘƛƻƴΦ  
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The initial distribution shows that facility staff could not define the baseline system for almost two-

thirds of the studied units. This inability to report on the baseline conditions was prevalent for the 

majority of sampled units across all equipment types. This is not surprising for a data collection effort 

conducted a minimum of one year after the customer installed the VSD equipment.  

Among those staff members who could recall the baseline system type and operation, the majority 

indicated that the equipment operated at constant speed and power before the customer installed the 

rebated VSDs. Among these, some staff indicated that although variable volume equipment existed, the 

site was installing VSDs because the existing variable volume equipment was not in working condition. 

We classified these cases in the constant volume category. 

To estimate the adjusted distributions, the evaluation team re-assigned the baseline category for units 

with an unknown or VSD baseline in the initial distribution based on the observed distribution of CV and 

VV baselines among the known baseline categories within each equipment group. In other words, we 

randomly assigned ŜŀŎƘ άǳƴƪƴƻǿƴέ ƻǊ ά±{5έ ōŀǎŜƭƛƴŜ ŦǊƻƳ ǘƘŜ ƛƴƛǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǘƻ ŜƛǘƘŜǊ ǘƘŜ CV or VV 

baseline category using the probability of CV or VV from the initial baselines. 

The final distribution demonstrates our estimate that almost all systems operated as constant volume 

prior to the VSD retrofit. Although contrary to many TRM approaches that assume a higher fraction of 

variable volume baselines, we confirmed through multiple discussions with the NEEP Technical 

Committee and building commissioning engineers that this high percentage of systems operating at 

constant volume is consistent with field observations across existing buildings and with the pre-

installation findings from the MA VSD Pre/Post study. The following points support this finding:  

¶ The CV baseline category includes systems that were designed as VV but operate as CV, because 

of improperly operating controls, broken equipment, etc. 

¶ The program population of buildings does not include the full C&I building stock. Rather, the 

population includes only those existing buildings that participated in ƻƴŜ ƻŦ ǘƘŜ {ǇƻƴǎƻǊǎΩ VSD 

retrofit programs. Existing buildings with working variable volume systems are less likely to 

participate in the programs since there is no need to replace the working VV equipment. 

¶ Eligibility requirements for several Sponsor VSD programs do not allow rebates for existing VV 

systems in working condition. This filter likely further reduces the number VV baselines among 

the participant population.  

¶ Our commissioning engineers agree that based on their experience in existing buildings, it is 

becoming less and less common to see non-VSD VV systems in working condition.  Frequently, 

they will find evidence that these VV systems were part of the original design, but noted that 

they are often not working.  For example, we see guide vanes that are locked in place so they 

effectively operate as constant volume systems.  

¶ For pumping systems, pumps without VSD controls are typically constant volume by design. 

There are systems that use variable volume distribution in the building (e.g. two-way valves at 
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the coils), but they are typically configured using bypass valves at the plant so the primary loop 

pump would still operate at full, constant volume. 

¶ Although the sample was small, the pre-retrofit metering results from the Massachusetts 

Pre/Post VSD study are consistent with these assumptions.  For that study, the field team 

observed and metered the equipment prior to when the VSD was installed.  They identified a 

couple systems that were designed as VV, but the meter data showed constant power on those 

fans. 

0.3.4 Key Assumptions 

Based on our findings in both the primary and secondary data and the need to develop a standard 

approach to estimate savings in this study, we developed several key assumptions to guide our savings 

analysis. In collaboration with b99tΩǎ 9aϧ± ¢ŜŎƘƴƛŎŀƭ /ƻƳƳƛǘǘŜŜ, we applied the following key 

assumptions in this study: 

¶ Pre-Retrofit  Operating Power. Due to the post-installation focus of the study, the evaluation 

team could not measure pre-retrofit operating power. We modeled pre-retrofit power based on 

a combination of the unit-rated horsepower, metered post-installation power, on-site survey 

data about the pre-retrofit condition, and results of the Massachusetts Pre/Post Metering Study.  

¶ Pre-Retrofit  Schedule. Due to the post-installation focus of the study, the evaluation team could 

not monitor the pre-retrofit operating schedule. We assumed the pre-retrofit operating 

schedule was the same as the post-retrofit operating schedule.  

¶ Units with Baseline VSD. A small number of interviewed on-site staff indicated that the new 

±{5ǎ ǊŜǇƭŀŎŜŘ ŜȄƛǎǘƛƴƎ ±{5ǎΦ {ƛƴŎŜ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ŜȄƛǎǘƛƴƎ ±{5ǎ ƛǎ ƴƻǘ ŜƭƛƎƛōƭŜ ƛƴ ǘƘŜ {ǇƻƴǎƻǊΩǎ 

programs and an attribution study would likely capture these occurrences, we assigned a new 

baseline category for these units based on the observed proportion of baseline categories for 

the remaining units. 

¶ Non-Operating Units. Our metering and on-site data collection indicated 52 of 392 (<14%) units 

that have low operating hours due to rotating, lead-lag, or back-up control strategies. We 

retained these units in the study sample to represent these occurrences as we observed them in 

the study population. 

0.3.5 Savings Metrics 

The team used the unit-level savings results to estimate average savings metrics for the population of 

ǇǊŜǎŎǊƛǇǘƛǾŜ ±{5 ǇǊƻƧŜŎǘǎ ƛƴǎǘŀƭƭŜŘ ǘƘǊƻǳƎƘ ǘƘŜ {ǇƻƴǎƻǊΩǎ ŜƴŜǊƎȅ-efficiency programs. Based on key 

observations and findings during the data collection and analysis tasks, we produced a single set of 

savings results for each equipment type to reflect the average savings across all northeast weather 

regions. The northeast average results account for the diversity of motor sizes, building types, HVAC 

loads, and control strategies observed in the study sample.  

The following tables describe the estimated savings for each equipment type. In addition to the per-

horsepower savings values, the tables show the relative precision for each result at both 90% and 80% 
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confidence levels. Although the study aimed to achieve 10% relative precision at 90% confidence for the 

key savings metrics, the variability of performance among sampled units resulted in higher relative 

precision values. 

Table 6 shows the estimated annual energy savings per horsepower for units across the NEEP region. 

We present the annual energy savings in units of kWh per hp. 

Table 6. Annual Energy Savings per Unit Horsepower 

Equipment Type kWh/hp RP @ 90% RP @ 80% 

Supply Fans 2,033 23.5% 18.3% 

Return Fans 1,788 13.8% 10.8% 

Cooling Water Pumps 1,633 17.7% 13.8% 

Hot Water Pumps 1,548 18.4% 14.3% 

WSHP Circulation Pumps 2,562 12.8% 10.0% 

* Results apply for all units across the Northeast Mid-Atlantic states. 

 

Table 7 shows the estimated demand reduction value for the ISO-NE summer and winter on-peak 

periods.6 We present these summer demand savings in units of kW per hp. 

Table 7. ISO-NE Summer and Winter On-Peak Demand Savings per Unit Horsepower 

Equipment Type 
ISO-NE Summer On-Peak ISO-NE Winter On-Peak 

kW/hp RP @ 90% RP @ 80% kW/hp RP @ 90% RP @ 80% 

Supply Fans 0.288 18.8% 14.6% 0.265 21.5% 16.7% 

Return Fans 0.302 11.9% 9.3% 0.274 15.3% 11.9% 

Cooling Water Pumps 0.183 16.7% 13.0% 0.194 18.2% 14.1% 

Hot Water Pumps 0.096 34.1% 26.5% 0.221 20.7% 16.1% 

WSHP Circulation Pumps 0.229 22.0% 17.1% 0.297 12.4% 9.7% 

* Results apply for all units across the Northeast and Mid-Atlantic states. 

 

Table 8 shows the estimated demand reduction value for the PJM summer peak period.7 We present 

these summer demand savings in units of kW per hp. 

                                                             
6 The ISO-NE on-peak summer demand reduction is the expected average demand reduction between the hours 1 
p.m. and 5 p.m. on non-holiday weekdays in June, July, and August. The ISO-NE on-peak winter demand reduction 
is defined as the average demand reduction between the hours of 5 p.m. and 7 p.m. on non-holiday weekdays in 
December and January. 
7 The PJM summer peak demand is the expected average demand reduction during the hours 2 p.m. and 6 p.m. on 
non-holiday weekdays in June, July, and August. 
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Table 8. PJM Summer Peak Demand Savings per Unit Horsepower 

Equipment Type kW/hp RP @ 90% RP @ 80% 

Supply Fans 0.286 19.0% 14.8% 

Return Fans 0.297 12.4% 9.7% 

Cooling Water Pumps 0.185 16.7% 13.0% 

Hot Water Pumps 0.096 34.3% 26.7% 

WSHP Circulation Pumps 0.234 20.6% 16.0% 

* Results apply for all units across the Northeast and Mid-Atlantic states. 

 

The team compared the study results with the estimated savings assumptions from the Massachusetts, 

Mid-Atlantic, and New York Technical Reference Manuals and to the results of the Massachusetts 

Pre/Post VSD study. For each parameter, the savings results generally fall within the expected range of 

savings.  

0.3.6 Key Findings that Explain the Results 

We uncovered multiple important findings that guided our analysis approach and dictated our 

recommendation for a single set of savings results averaged across the NEEP region.    

Variable speed drives frequently operate at constant speed. 

Our on-site observations and metering data showed that customers operated at least one third of VSD-

controlled motors at a constant speed (typically less than full speed) during the nine- to 12-month data 

collection period. Similarly, the Massachusetts Pre/Post VSD Study found that customers operated more 

than two-thirds of the metered VSDs at constant speed. When we discussed this operating strategy 

during our on-site interviews,8 some facility operators indicated that they intended this constant speed 

operation while others indicated that they had not fully commissioned the VSD equipment. Although we 

expect VSDs to vary the motor speed depending on load conditions, the observed constant speed 

operation may result in higher energy savings during peak demand periods compared to when standard 

savings assumptions that VSD-controlled motors operate at or close to full speed during peak 

conditions. 

Operators may select constant speed operation over variable speed operation.  

Although we expect operators to use new variable speed drives to vary the operating speed of the 

motor, we found that it is not uncommon for operators to choose to operate the motor at a constant 

speed setting.  Through discussions with facility staff in this study and our building commissioning 

engineers, we identified several reasons an operator may choose to use a VSD to operate a motor at 

constant speed:  

                                                             
8 We asked these questions during removals at the end of our data collection period to minimize any influence on 
ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ǘȅǇƛŎŀƭ ƻǇŜǊŀǘƛƻƴΦ 
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¶ Operators may use a VSD to dial in on a reduced constant flow requirements. Reduced constant 

flow could also be achieved by using a valve or damper to throttle the flow or for certain 

pumping applications modifications could be made to the pump impellers. Compared to the 

throttling option, the VSD substantially reduces power requirements, energy consumption, and 

energy costs.  Compared to the impeller modification option, the VSD allows the operator to 

keep the existing equipment in place and retains the flexibility of increasing speed (and capacity) 

if needed in the future.  

¶ Operators may forgo the cost of implementing the controls for variable speed operation and 

instead settle on a reduced constant speed that is acceptable. Implementing controls may 

require installing new flow or pressure sensors, connecting those sensors and the VSD to a 

central EMS, programming controls sequences, and commissioning the system to ensure that 

the controls work correctly.  Due to the cost and time requirements, operators may prefer to 

operate the equipment at a constant speed that meets the generally meets flow 

requirements.  This constant speed may be higher than the necessary for periods of low load, 

but still reduces energy consumption and costs compared to constant speed. The installation of 

the VSD allows them to take advantage of further operational modifications if the controls are 

updated in the future.  

Variable speed drive performance often does not track outside temperature. 

In addition to a large percentage of VSDs that operated at a constant speed setting (discussed above), 

our unit-level data analysis demonstrated that the operating power for more than half of the units did 

not correlate with ambient temperature. Unlike larger equipment that operates to meet whole-building 

HVAC loads, internal variables such as occupancy or occupant activity may be more influential to VSD 

performance than external variables such as ambient temperature.  

The savings estimates for each weather region are similar and similarly diverse.  

In our aggregation analysis, we calculated average savings for each weather region and compared 

savings estimates between regions as well as to the average across all regions combined (NEEP region).  

The comparison showed that the confidence intervals for the regions overlap in most cases, suggesting 

that the average results are not very different from region to region. The confidence interval for the 

combined NEEP region covered a range that lies within the other regional intervals but provided a 

narrower margin of error around the mean. Further, we found that the variation in operation was 

similar from region to region, which provided another indication that regional differences were small. 

Due to these findings, we present average savings across all six weather regions. 

Most pre-retrofit equipment operates at constant power.  

¢ƘŜ ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳΩǎ on-site survey and secondary data review indicated that a majority of pre-retrofit 

equipment operated at constant power. As indicated in Table 5, we modeled 98% of the pre-retrofit 

systems at constant power (after removing several occurrences of VSD baselines from the sample).  

Although standard VSD assumptions often model other variable flow systems as the baseline for VSD 

retrofit project, our research suggests that even when these variable flow systems exist they are not in 
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working condition. Our research is supported by the Massachusetts Pre/Post VSD Study, which 

demonstrated constant power operation for 100% of the pre-retrofit systems.  

0.3.7 Application of Results 

Implementers in the Northeast and Mid-Atlantic states may use these results to estimate the savings for 

VSD installations that meet the following characteristics: 

¶ The VSD is retrofitted on HVAC equipment in an existing nonresidential building and does not 

replace an existing, working VSD. 

¶ The VSD controls a motor no larger than 200 horsepower. 

¶  The VSD controls a motor driving one of these equipment types: (1) supply fans, (2) return fans, 

(3) chilled water plant distribution pumps, (4) hot water distribution pumps, and (5) water 

source heat pump distribution pumps. 

¶ The controlled equipment serves an HVAC load. 

When using these results, the implementer should calculate the desired savings parameter by 

multiplying the rated horsepower of the motor or total horsepower of the population of motors by the 

appropriate savings factor from the tables above. For example, to estimate the annual energy savings 

for a VSD retrofit project on a 50-hp supply fan, the implementer should multiply 50 (the rated 

horsepower of the existing motor) by the appropriate savings factor from Table 6. Similarly, the Sponsor 

may estimate the ISO-NE on-peak demand reduction by multiplying 50 (the rated horsepower) by the 

appropriate demand savings factor from Table 7. 

Dissimilar to many TRM savings approaches that provide savings factors by building type or that use 

engineering algorithms to estimate savings using project-specific input parameters, the results of this 

study are averaged savings that account for the varied performance of VSD installations across building 

types and weather regions in the Northeast and mid-Atlantic states. This study does not deny the 

influence of building operating hours or ambient temperature on VSD performance; however, the 

diversity of equipment performance demonstrated in this study indicates that these two variables are 

not reliable predictors for VSD performance.  As discussed in this report, many other factors such as 

equipment operating schedules, motor configuration, and VSD control strategy also influence VSD 

performance and savings estimates.  

These study results are based on direct and long-term measurements of nearly 400 VSD installations and 

account for the diversity of motor sizes, building types, HVAC loads, and operating strategies, and 

seasonal differences across the northeast.  The results also account for recent, measured findings about 

pre-retrofit performance. 

0.4 Recommendations 
The evaluation team offers the following recommendations for implementers and evaluators of VSD 

projects to improve the energy savings of VSD installations and effectiveness of VSD programs.  
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Recommendations for Implementers 

¶ Continue to promote the installation of VSD on existing equipment.   

Á VSD retrofit projects are achieving significant energy and demand savings across the 

Northeast and Mid-Atlantic regions.   

¶ To ensure VSDs operate as intended to achieve energy and demand savings, Program 

Administrators should integrate VSD control and commissioning requirements into program 

implementation activities. Application forms should require specification of the intended control 

strategy, and post-installation inspection should include verification of commissioned VSD 

control sequences.  

Á We observed during the site visits and in our reviews of the metered data that many 

customers operate their VSDs at constant speed.  In some cases, customers intend to 

operate VSDs at constant speed, but for many customers this constant-speed operation is 

due to incomplete project commissioning. In addition, we found that a larger percentage of 

VSDs operated at constant power in the Massachusetts Pre/Post VSD Study (conducted 

immediately before and after VSD installation) compared to the NEEP study (conducted at 

least one year after installation).  We assume that the lower percentage of constant-speed 

units observed in this study is due to the longer period of elapsed time after the VSD 

installation, which allowed more customers to complete commissioning. 

¶ As VSDs saturate the existing building stock, the Program Administrators should take more care 

in screening project eligibility.    

Á For several sampled projects, the rebated VSD units replaced existing VSD units at the end 

of their useful lives. Although we did not include those baseline occurrences in this study, 

these observations are evidence of projectsΩ receiving program incentives despite 

ineligibility. 

¶ To support future evaluation efforts, the Program Administrators should add pre-retrofit data 

collection requirements to program application forms.  At minimum, the PAs should require 

customers to specify the baseline system type and working condition of that system and 

operating schedule for the baseline equipment.  

Á Information about baseline operation is limited in Sponsor tracking data and difficult to 

collect after customers complete VSD projects.  Since baseline operation is a critical 

component for estimating energy and peak demand savings, it is important for the programs 

to record the working condition of baseline systems as well as the existing operating 

strategy and schedule.   

Recommendations for Evaluators 

¶ The timing of the post-installation inspection and metering is important.  Our findings suggest 

the customers may take a year or longer installing the VSD to set up the controls and fully 

commission the system. Performing evaluation activities within a year of installation will provide 
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accurate first-year results, but may not accurately reflect VSD performance in the following 

years. 

¶ When metering VSD power for energy analyses, the evaluator should examine seasonal 

operation defined for each facility.  Seasons may be associated with changes in equipment 

purpose (e.g., heating or cooling), occupancy patterns (e.g., academic year vs. vacation periods), 

or other parameter such as control strategy (e.g., constant vs. variable speed). 

Á Customers use HVAC motors differently throughout the year. This is especially true for 

equipment in seasonal facilities and for equipment that serve both heating and cooling 

loads.  
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1 Introduction 

This study is the third in a series of savings loadshape studies focused on efficient technologies 

implemented through the energy-ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ƻŦ b99tΩǎ {ǇƻƴǎƻǊǎΦ ¢Ƙƛǎ ƭƻŀŘǎƘŀǇŜ ǎǘǳŘȅ ǘŀǊƎŜǘǎ 

the annual, peak, and hourly electric demand savings achieved by variable speed drives (VSDs) installed 

on existing heating, ventilation, and air conditioning (HVAC) equipment in commercial buildings 

throughout the Northeast and Mid-Atlantic states, including Maryland, Maine, Massachusetts, 

Connecticut, Vermont, New Hampshire, and Rhode Island, and New York. 

1.1 NEEP EM&V Forum 
The Northeast Energy Efficiency Partnerships (NEEP) is a nonprofit organization established to promote 

energy-efficiency throughout the Northeast and Mid-Atlantic.9 NEEP created the Evaluation, 

Measurement, and Verification (EM&V) Forum ƛƴ нллу άto support the development and use of 

consistent protocols to evaluate, measure, verify, and report the savings, costs, and emission impacts of 

energy efficiency and other demand-side resources.έ  

In particular, the EM&V Forum facilitates joint research and evaluation by pooling funds from multiple 

Sponsors to conduct large-scale research studies such as the loadshape series.10 These studies provide 

robust estimates of the energy and demand savings achieved by demand side resources the Northeast. 

Table 9 shows Sponsors of the EM&V Forum and indicates the states included in this VSD loadshape 

project. 

Table 9. EM&V Forum Sponsors and VSD Study Participants 

State Sponsor 
Study 

Participant*  
Connecticut CT Energy Efficiency Fund É 

District of Columbia District Dept. of the Environment  

Maine (2012) Efficiency Maine Trust É 

Maryland 

Maryland Energy Administration 

EmPOWER Maryland Utilities (PHI/Pepco, Delmarva, SMECO, First 

Energy, Baltimore Gas & Electric) 
É 

Massachusetts 

Cape Light Compact 

National Grid 

NSTAR 

Unitil 

Western Massachusetts Electric Company 

É 

                                                             
9 www.neep.org  
10 The NEEP EM&V forum has completed two loadshape studies to date: The Commercial Lighting Loadshape Study 
(completed in 2011) and the Unitary AC Loadshape Study (completed in 2012).  

http://www.neep.org/
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State Sponsor 
Study 

Participant*  

New Hampshire 

NH Electric Co-op  

Public Service New Hampshire 

Unitil 
É 

New York 

Long Island Power Authority 

New York Power Authority 

New York State Energy Research and Development Authority 
É 

Rhode Island National Grid É 

Vermont Department of Public Service É 

* Participants are Program Administrators that provided data for the study population of VSD installations. 

 

1.2 Project Objectives and Scope 
The objective of the NEEP VSD Loadshape study is to develop estimates of the annual, peak, and hourly 

demand savings of achieved variable speed drive (VSD) installations on existing HVAC equipment in 

commercial buildings. In the early stages of this project, the Subcommittee agreed to focus on the five 

equipment type categories that make up the majority of annual energy savings from VSD installations 

ŀŎǊƻǎǎ ǘƘŜ {ǇƻƴǎƻǊǎΩ ǇǊƻƎǊŀƳǎΥ  

¶ Supply fans 

¶ Return fans 

¶ Cooling water pumps  

¶ Heating hot water pumps  

¶ Water source heat pump circulation pumps.  

The study uses both primary dataτdirect power metering and data collection for a sample of VSD 

installations across the {ǇƻƴǎƻǊǎΩ programsτand secondary data to establish the hourly savings 

loadshapes for each of these selected equipment type categories. 

1.3 Definitions 
In Table 10, we provide definitions for terms critical to understanding the sampling, data collection, 

and/or analysis methods we used for this study.  

Table 10. Definition of Terms 

Term Definition 

Variable Speed 

Drive (VSD) 

Variable speed drives control the operating speed of connected motors based on 

programmed control strategies.  

HVAC 
Heating, Ventilation, and Air Conditioning; in this study, we focus on VSDs installed on or 

equipment that serve HVAC loads in existing nonresidential buildings.   
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Term Definition 

Loadshape 

A loadshape describes the hourly electricity demand for all 8,760 hours in a year.  In this 

study, we calculate demand loadshapes to model the hourly electric demand of HVAC 

equipment with or without VSDs.  Similarly, we calculate savings loadshapes to model the 

expected hourly demand reduction achieved by VSD-controlled equipment compared to the 

pre-retrofit or baseline condition.   

Equipment Type 

Equipment type refers to the categories of commercial HVAC equipment. In this study, we 

focus on these five equipment type: supply fans, return fans, cooling water pumps, heating 

hot water pumps, and water source heat pump distribution pumps.  

Project 

Project refers to an activity ŎƻƳǇƭŜǘŜŘ ōȅ ŀ ǇŀǊǘƛŎƛǇŀƴǘ ƛƴ ƻƴŜ ƻŦ ǘƘŜ {ǇƻƴǎƻǊǎΩ ǇǊƻƎǊŀƳǎ ŀƴŘ 

ǘǊŀŎƪŜŘ ƛƴ ǘƘŜ {ǇƻƴǎƻǊΩǎ ŘŀǘŀōŀǎŜΣ ƛƴ ǿƘƛŎƘ ƻƴŜ ƻǊ ƳƻǊŜ ±{5ǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘΦ !ƭƭ ǇǊƻƧŜŎǘǎ ƛƴ 

the study sample had at least one VSD installation on one of the five defined equipment 

types. 

Unit 

A unit refers to a unique VSD installation as part of a VSD project. All units in the study 

sample involved power metering for VSD-controlled equipment from one of the five selected 

equipment types.  

Sample Phase 

We performed multiple phases of sampling in order to improve the distribution of equipment 

types in the study sample. Each sampling phase has a different condition set for the eligible 

population, in order to target specific equipment types. 

Sample Stage 

We performed two stages of sampling within each sample phase.  The first stage involved 

sampling projects based on project size and weather region. The second stage involved 

sampling the units within a sampled project for power metering.  

Target Sample 
The target sample describes the ideal sample of projects and units developed in the sample 

strategy and used to guide the sample draw. 

Study Sample 

The study sample is the collection of projects and units included in the analysis. Differences 

between the target and study samples may be due to (1) small populations of projects in 

some strata and weather regions, (2) inability to control for equipment type in the sample 

draw, and (3) differences between expected and actual units for given project. 

Operating Power 

We use the term operating power to describe the measured or estimated power demand 

from the motor during periods of operation.  For example, in our analysis of metered 

operating power, we examine the measured power only during periods when the motor is 

operating. 

Primary/Lead 

Units 

Primary units operate as the primary, or lead, equipment to serve the designated load.  When 

there is a call for heating, cooling, or ventilation, the primary unit will respond to meet the 

load requirements. 

Lag Units 

Lag units assist primary, or lead, equipment when the lead equipment reaches its maximum 

capacity or a maximum setting. In these scenarios, the lag units will respond to serve load any 

load beyond what is served by the lead unit.  Because the primary equipment usually serves 

the full HVAC load, lag units typically only operate when the loads are unusually high. 

Rotating Units 

Rotating units operate in a team of similar units to serve the same load. Facility operators 

rotate units to lengthen the lifetime of equipment and to provide redundancy in case of 

failure.  Since rotating units take turns serving the designated load, each unit operates for 

ƻƴƭȅ ŀ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ƻǾŜǊŀƭƭ ǎŎƘŜŘǳƭŜΦ 
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Term Definition 

Back-up Units 

Back-up units rarely operate and are in place to provide redundancy for primary or rotating 

units. Back-up units typically operate only when the other equipment malfunctions or is 

turned off for regular maintenance activities. 

Weather Regions 

We defined the following six weather regions for this study: DNY = Downstate New York; MAT 

= Mid-Atlantic; NEE = New England East; NEN = New England North; NES = New England 

South; UNY = Upstate New York 
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2 Methods 

The evaluation team conducted this VSD loadshape study in the five key tasks described in Figure 6. This 

progression of tasks is similar to the previous loadshape studies and other EM&V research. However, 

the specific methods within each task are uniquely complex due to limitations in the program tracking 

data, elapsed time since the project completion, and variation in the operation of VSDs throughout the 

study sample.  In this section and referenced Appendices, we describe the methods for each analysis 

task including our observations and key assumptions.   

Figure 6. Key Tasks for Loadshape Analysis 

 

2.1 Sample Design 
For this study, the evaluation team developed a unique sampling strategy to account for varying levels 

of available tracking data from the Sponsors, limited information about the equipment types in the 

population of projects, and expected variation between weather regions and Sponsors.  

Lƴ ǘƘƛǎ ŦƛǊǎǘ ǘŀǎƪΣ ǿŜ ǊŜǾƛŜǿŜŘ ǘƘŜ {ǇƻƴǎƻǊǎΩ ǘǊŀŎƪƛƴƎ ŘŀǘŀΣ ŘŜǎƛƎƴŜŘ ǘƘŜ ǎŀƳǇƭŜ ŦǊŀƳŜǿƻǊƪΣ ŀƴŘ ŎǊŜŀǘŜŘ 

the sample. ¢Ƙƛǎ ǎǘǊŀǘŜƎȅ ƛǎ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ǘƘŜ ƳŜƳƻǊŀƴŘǳƳ ά±{5 Loadshape Project ς Proposed 

Sampling Strategy, UpdatedΣέ dated August 2, 2012. 

2.1.1 Analysis of Sponsor Tracking Data 

After the project kick-off meeting, the evaluation team submitted a data request to the NEEP EM&V 

Technical Committee and study Sponsors.  We received participation records from 12 Sponsors. These 

data included 3,845 lines accounting for 2,109 unique projects completed between 2009 and 2012. 

Based on our review of these data and follow-up discussions with specific Sponsors, we developed a set 

of criteria to further define the dataset. We excluded all projects that met any of the following criteria:  

¶ The project was completed in or before 2009.  

¶ The project was not yet completed.  
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¶ The customer installed the VSD on equipment serving process loads or on chiller compressors.  

¶ The project was new construction or major renovation.  

¶ The project was part of a NYSERDA custom program.  

These criteria reduced the qualified sampling population to 2,798 unique data lines, representing 1,582 

unique projects. It is important to note that this qualified population may include some unqualified 

projects, since we could not remove projects for which we did not have complete tracking data.  

Table 11 summarizes the tracking data provided by each Sponsor, including whether each data type was 

available in the Sponsor tracking data.  The last column indicates the data types available across all 

Sponsor data. 

Table 11. Tracking Data Characteristics by Sponsor 

Data Type 
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Project Energy Savings É É É É É É É É É É É É É 

Project Demand Savings É É É É É É É É É É É É É 

Measure Level Energy 

Savings 
É   É É É É É É É É É  ֙

Project Type (New/Retrofit)  É É É É É   ֙  É É É  ֙
Prescriptive Projects É É É É É É É É É É É É É 
Custom Projects  É É É  É É É      ֙
Equipment Type É  ֙   ֙ É  ֙  ֙  É É É É  ֙
Base Case Control Type         É     ֙
Building Type É  ֙  ֙  ֙ É É É  ֙ É  ֙  É  ֙
2010 Projects É É É É É É  É   É É  ֙
2011 Projects É É É É É É É É É É É É É 

2012 Projects  É É É  É  É É É  É  ֙

É Indicates that the Sponsor provided information on almost all projects. 
֙ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ Sponsor provided information on some projects. 
A blank cell indicates that these data were not available. 

 

The last column in Table 11 indicates that only four data types were consistently available in all 

{ǇƻƴǎƻǊǎΩ ǘǊŀŎƪƛƴƎ ŘŀǘŀΥ ǇǊƻƧŜŎǘ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΣ ǇǊƻƧŜŎǘ ŘŜƳŀƴŘ ǎŀǾƛƴƎǎΣ ǇǊŜǎŎǊƛǇǘƛǾŜ ǇǊƻƧŜŎǘǎΣ ŀƴŘ нлмм 

projects. Therefore, when comparing data to determine the relative impact of any equipment type, 

building type, or Sponsor, we limited our review to only data from 2011 projects. 
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The following tables summarize 2011 installations by state, sponsor, equipment type, and building 

type.  

Table 12. 2011 Records by State 

State 2011 Data Lines 
2011 Annual Energy 

Savings (kWh) 

Percent of 2011 Annual 

Energy Savings 

New York 534 52,094,873 58.70% 

Massachusetts 269 16,863,715 19.00% 

Maryland 152 10,875,541 12.25% 

Connecticut 65 3,344,469 3.77% 

Rhode Island 36 2,301,688 2.59% 

Maine 107 1,566,232 1.76% 

New Hampshire 18 973,232 1.10% 

Vermont 39 731,616 0.82% 

Total 1,220 88,751,364 100.00% 

 

Table 13. 2011 Records by Sponsor 

Sponsor 2011 Data Lines 
2011 Annual Energy 

Savings (kWh) 
Percent of 2011 Annual 

Energy Savings 

Consolidated Edison 126 29,675,457 33.44% 

NYSERDA 370 21,214,476 23.90% 

Northeast Utilities (NSTAR) 161 10,128,360 11.41% 

National Grid 146 9,454,766 10.65% 

BG&E 120 6,742,301 7.60% 

CL&P 65 3,344,469 3.77% 

Pepco 21 3,093,340 3.49% 

Efficiency Maine 107 1,566,232 1.76% 

LIPA 38 1,204,939 1.36% 

FirstEnergy 11 1,039,900 1.17% 

Efficiency Vermont 39 731,616 0.82% 

PSNH 16 555,508 0.63% 

Total 1,220 88,751,364 100.00% 
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Table 14. 2011 Records by Equipment Type 

Equipment Type 
2011 Data 

Lines 

2011 Annual Energy 

Savings (kWh) 

Percent of 2011 Annual  

Energy Savings 

All Excluding Unknowns 
UNKNOWN* 444 24,695,866 27.83% NA  

Cooling Water Pump**  148 16,711,456 18.83% 26.09% 

Supply Air Fan 207 14,400,588 16.23% 22.48% 

Fans, All Types***  40 11,496,292 12.95% 17.95% 

Water Source Heat Pump 

Circulation Pump 
38 3,848,103 4.34% 6.01% 

Hot Water Pump 89 3,674,750 4.14% 5.74% 

Boiler Feedwater Pump 37 2,888,901 3.26% 4.51% 

Cooling Tower Fan 64 2,520,766 2.84% 3.94% 

Pump, All Types***  10 2,443,487 2.75% 3.81% 

Building Exhaust Fan 50 2,436,508 2.75% 3.80% 

Return Air Fan 71 1,996,261 2.25% 3.12% 

Make-Up Air Fan 20 1,559,276 1.76% 2.43% 

Boiler Draft Fan 2 79,111 0.09% 0.12% 

* We assigned the unknown classification in cases for which the equipment type was not available.  

** Cooling Water Pumps includes Chilled Water Pumps and Condenser Water Pumps. Some sponsors separate 

these two technologies while others do not. 

ϝϝϝ ²Ŝ ǳǎŜŘ ǘƘŜ άCŀƴǎΣ !ƭƭ ¢ȅǇŜǎέ ƻǊ άtǳƳǇǎΣ !ƭƭ ¢ȅǇŜǎέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ƛƴ ŎŀǎŜǎ ŦƻǊ ǿƘƛŎƘ όмύ ǿŜ ƪƴŜǿ ǘƘŜ ǊŜŎƻǊŘ 

corresponded to a fan or pump installation, but did not know the specific type, or (2) multiple fans or multiple 

pumps of different types were within one record.  

 

Table 15. 2011 Records by Building Type 

Building Type*  
2011 Data 

Lines 

2011 Annual Energy 

Savings (kWh) 

Percent of 2011 
Annual Energy 

Savings 
Office 238 37,051,892 41.75% 

Manufacturing 161 11,160,532 12.58% 

College 151 6,760,255 7.62% 

Other 92 5,303,072 5.98% 

Hospital 96 5,280,259 5.95% 

UNKNOWN 90 4,276,818 4.82% 

Education 125 3,907,962 4.40% 

Hotel 38 3,652,553 4.12% 

Retail 43 2,834,414 3.19% 

Multifamily 35 2,204,420 2.48% 

Health 43 2,062,459 2.32% 

Water Supply or Treatment 14 1,080,205 1.22% 
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Building Type*  
2011 Data 

Lines 
2011 Annual Energy 

Savings (kWh) 

Percent of 2011 

Annual Energy 
Savings 

Government 28 939,441 1.06% 

Amusement 10 560,935 0.63% 

Warehouse 10 457,530 0.52% 

Institutional 1 223,832 0.25% 

Assembly 14 223,213 0.25% 

Commercial 8 147,813 0.17% 

Mixed 8 137,325 0.15% 

Laboratory 1 122,100 0.14% 

Religious 1 96,954 0.11% 

Restaurant 4 81,766 0.09% 

Business 3 67,200 0.08% 

Museum 2 51,480 0.06% 

Automotive 2 24,520 0.03% 

Misc. 1 23,296 0.03% 

Grocery 1 19,121 0.02% 

* The team classified building types based only on the text records in the Sponsor tracking data; we did not 

reference SIC or NAICS codes for this stage of the project.  

** It is unknown at this time if the VFD installations within each building type are serving HVAC equipment or 

manufacturing equipment. If one of these projects is sampled and the installation is determined to be serving 

manufacturing equipment, the sample point will be replaced. 

 

The evaluation team made the following conclusions based on this review of ǘƘŜ {ǇƻƴǎƻǊǎΩ нлмм ±{5 

projects:  

¶ Random sampling would result in bias toward the Sponsors that provided more years of data. 

Furthermore, given that 88% of the stated savings occur within five service territories, the 

evaluation team must take additional steps to ensure that all Sponsors are represented in the 

study and that the results are applicable to the programs offered by each Sponsor.  

Á Our framework used both weather region and size category as stratification variables to 

reduce this bias and ensure representation.  

¶ There are many projects and a substantial percentage of savings for which the equipment type 

served is unknown (i.e., unavailable in the tracking data). Sampling must either separate 

unknown equipment projects from known equipment projects or occur at the project level.  

Á Our framework involved an initial stage of project-level sampling followed by a second stage 

of unit-level sampling within sampled projects.  

2.1.2 Define Sampling Framework 

The evaluation team designed the sampling strategy to achieve the following objectives:  
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¶ Produce annual operation and savings loadshapes that are flexible enough to be used by all 

project sponsors and accurate enough to meet requirements for program reporting.  

¶ Balance the need for accurate equipment-specific loadshapes with the desire to produce as 

many loadshapes as possible.  

¶ Produce accurate loadshapes across multiple equipment types within the agreed project scope 

of 420 metered units.  

Based on these objectives and the results of our tracking data review, the evaluation team established 

sample targets for the top five equipment types and developed a multi-stage, multi-phase sampling 

approach to meet those targets. Our framework stated the following: 

1. We will calculate loadshapes for the following five equipment types: supply fans, return fans, 

cooling water pumps, hot water pumps, and water source heat pump circulation pumps. 

Á These equipment types represent 64% to 85% of known 2011 equipment type savings, 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŀǘ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ƛƴŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ άfŀƴǎέ ŀƴŘ άpǳƳǇǎέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦ 

We included Return Air Fans over other equipment types with similar impacts because 75% 

of the projects known to include a return air fan VFD also include a supply air fan VFD. The 

inclusion of RAF in the study increases the number of loadshapes analyzed without 

decreasing the overall efficiency of the study.  

Á Focusing the study on these five equipment types reduces the available sampling population 

from 1,582 projects to 1,409 projects. 

2. We will use the meter installation targets described in Table 16 for the five selected equipment 

types. We proposed a larger number of meter installations for supply fans and cooling water 

pumps for the following reasons:  

Á The tracking data suggest that these two equipment types represent over 50% of the 

{ǇƻƴǎƻǊǎΩ нлмм VSD energy savings, so we should prioritize the accuracy of their loadshapes 

over the other loadshapes.  

Á We could subdivide both equipment types into two unique applications: Supply Fans in 

RTUs, Building Supply Fans, Chilled Water Pumps, and Condenser Water Pumps. Increasing 

the number of data points for these two basic equipment types increases the potential for 

accurate load of all four equipment types. 

3. We will conduct multiple stages of sampling. 

Á The first stage of sampling will be at the project level. We will draw this sample from all 

projects occurring between 2010 and 2012 in order to maximize the size of the pool of 

potential study participants. Project-level sampling will be stratified by project size (annual 

kWh savings) and weather region to ensure representation with respect to these variables 
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ŀƴŘ ǇǊƻƎǊŀƳ ŀŘƳƛƴƛǎǘǊŀǘƻǊǎΦ ²ŜŀǘƘŜǊ ǊŜƎƛƻƴ ŘŜŦƛƴƛǘƛƻƴǎ ǿƛƭƭ ƳŀǘŎƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ b99tΩǎ 

2011 C&I Unitary HVAC Loadshape Project Final Report.  

Á In the second stage of sampling, we will select specific VSDs for metering within each 

sampled project. If a sampled project includes the installation of multiple VFDs, then up to 

four VFDs within each project may be metered. If the project has fewer than four drives, 

then those drives will all be metered. If it includes multiple equipment types, then the 

number of equipment types metered will be maximized before multiple meters are installed 

on any single equipment type. If these rules do not uniquely determine all of the equipment 

to be metered at a given site, then VSDs will be selected randomly within the site as needed. 

(This random selection will be weighted according to equipment-type sampling targets; see 

Table 6.) For each VSD selected through randomization, we will record the within-site 

sampling probability for use in constructing sample weights. (These weights will be used in 

the data analysis.)  

Table 16 describes the sampling targets for each equipment type as developed in our sample 

framework. Due to the limited equipment type information in the tracking data, we noted that our 

ability to achieve these targets is dependent on the existence of these equipment types within study 

population.  

Table 16. Meter Installation Targets by Equipment Type 

Equipment Type Meter Installation Target 

Cooling Water Pump (CWP) 102 

Supply Air Fan (SAF) 102 

Hot Water Pump (HWP) 72 

Water Source Heat Pump Circulation Pump (WHP) 72 

Return Air Fan (RAF) 72 

Total 420 

 

2.1.3 Develop Sampling Strategy 

Figure 7 shows a diagram of our multi-stage, multi-phase sampling strategy to achieve the defined 

sample targets. The figure illustrates our method of performing two sampling stages within each of 

three sampling phases. After the first phase of sampling, we reviewed project documents and recruited 

customers to determine our targeted population for the next sampling phases. After the last sampling 

phase, we reviewed project documents and recruited customers to determine our final study sample.  
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Figure 7. Diagram of Multi-Stage, Multi-Phase Sample Strategy 

 
 

Sample Stages 

The study required two stages of sampling in order to select units within each equipment type category 

which were also distributed across various project sizes, weather regions, and study Sponsors.  

¶ Stage 1. The first stage of sampling selected projects. We sampled projects among the 

population of all projects that occurred between 2010 and 2012 in order to maximize the size of 

the pool of potential study participants. We stratified the population by project size11  and 

weather region12 to ensure representation with respect to these variables and the study 

Sponsors.  

¶ Stage 2. The second stage of sampling selected units within each sampled project. For sampled 

projects with four or fewer VSDs, we selected all units for the sample. For sampled projects with 

more than four VSDs, we sampled units to maximize the number of equipment types. 

Sample Phases 

The study required multiple phases of sampling in order to prevent oversampling the most common 

equipment types (supply fans and cooling water pumps). Since project equipment types were often 

                                                             
11 We define the project size as the total annual kWh savings for the project in SponsoǊǎΩ ǘǊŀŎƪƛƴƎ ŘŀǘŀΦ   
12 ²ŜŀǘƘŜǊ ǊŜƎƛƻƴ ŘŜŦƛƴƛǘƛƻƴǎ ƳŀǘŎƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ b99tΩǎ нлмм /ϧL ¦ƴƛǘŀǊȅ I±!/ [ƻŀŘ {ƘŀǇŜ tǊƻƧŜŎǘ Cƛƴŀƭ wŜǇƻǊǘΦ 
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unknown until samples were collected, sampling in multiple phases allowed us to update the targeted 

equipment types in the next phase to ensure coverage of the five equipment types of interest.   

¶ Phase 1. We designed the first phase to select about two-thirds of the expected total project 

sample.  We sampled projects randomly within each stratum without regard to the equipment 

types. 

¶ Phases 2+. We designed the additional phases of sampling to improve control of the distribution 

of equipment types in the final unit sample. These additional phases allowed us to adjust the 

sampling population to target equipment types that were under-sampled in previous phases 

and to minimize the addition of equipment types that we over-sampled in previous phase(s).    

Stratification by Project Size (Annual kWh Savings)  

The team divided the population of projects into four project size categories such that each category 

represented нр҈ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴΩǎ ǘƻǘŀƭ ǎŀǾƛƴƎǎΦ Table 17 shows the size boundaries, number of 

projects in the population, and total stated annual energy savings for each size category  

Table 17. Stratification by Project Size (Annual kWh) 

Project Size 

Category 

Minimum Project 

Savings (kWh) 

Maximum Project 

Savings (kWh) 

Number of 

Projects 

Stated Annual 

Savings (kWh) 

Percent of 

Savings 

1 679,638  5,938,500  23 37,018,663  25% 

2 253,616  660,311  98 36,325,018  25% 

3 100,533  248,270  230 36,725,299  25% 

4 0 99,447  1,058 36,594,130  25% 

Total NA NA 1,049 146,663,110  100% 

 

Table 18 shows optimal sample sizes within each size category, as well as the expected numbers of 

meter installations, both in total and on average per project. We calculated the expected numbers of 

meter installations per project based on available data. 

Table 18. Stratification by Project Size (Annual kWh) 

Project Size 

Category 
Sample Target 

Expected Meter Installations 

 (per project)  (Total) 

1 10 3.63 36 

2 37 3.46 128 

3 42 3.02 128 

4 60 2.13 128 

Total 149 NA 420 

 

Stratification by Weather Region 

The evaluation team assigned each project in the population to one of the following six weather regions: 

¶ Mid-Atlantic (MAT) 
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¶ New England ς North (NEN) 

¶ New England ς East (NEE) 

¶ New England ς South NES) 

¶ New York ς Inland (UNY) 

¶ New York ς Urban/Coastal (DNY) 

These weather regions match those developed for b99tΩǎ нлмм /ϧL ¦ƴƛǘŀǊȅ I±!/ Loadshape Project. A 

άÉέ ƛƴ ǘƘŜ ǘŀōƭŜ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǿŜŀǘƘŜǊ ǊŜƎƛƻƴόǎύ ǘƻ ǿƘƛŎƘ ŜŀŎƘ {ǇƻƴǎƻǊΩǎ ŎǳǎǘƻƳŜǊǎ ǿŜǊŜ ŀǎǎƛƎƴŜŘΦ  

Table 19. Sponsors by Weather Region 

Sponsor DNY MAT NEE NEN NES UNY 

BG&E   É         

CL&P         É   

Con Edison É           

Efficiency Maine       É     

Efficiency Vermont       É     

First Energy   É         

LIPA É           

National Grid*     É (NH) É (MA) É (RI)   

NU-NSTAR     É       

NYSERDA É         É 

Pepco   É         

PSNH       É     

ϝ{ƛƴŎŜ bŀǘƛƻƴŀƭ DǊƛŘΩǎ projects included customers in three states (NH, MA, and RI), we assigned its customers to 
ǿŜŀǘƘŜǊ ǊŜƎƛƻƴǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǎǘŀǘŜΦ 
 

Sample Size Targets 

Table 20 shows the distribution of projects across project size categories and weather regions in the 

population. 

Table 20. Project Population Sizes 

Project Size  DNY MAT NEE NEN NES UNY Total 

1 15 3 4 1 0 0 23 

2 26 9 33 3 11 16 98 

3 33 34 67 8 24 64 230 

4 92 90 191 135 128 422 1,058 

Total 166 136 295 147 163 502 1,409 

 

We designed the stratified sampling sizes to balance representation by weather region, the available 

sampling population, and the number of projects supported annually by each administrator. Table 21 
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shows the target sample sizes in each stratum and the total number of expected meter installations for 

each project size category.   

Table 21. Target Project Sample Sizes 

Project Size  
Projects Meter 

Installations DNY MAT NEE NEN NES UNY Total 

1 7 1 2 0 0 0 10 36 

2 10 5 11 2 4 4 36 124 

3 7 7 10 3 6 9 42 126 

4 6 6 10 14 10 17 63 134 

Total 30 19 33 19 20 30 151 422 

 

2.1.4 Sample Execution 

The target sample sizes developed in the sample strategy represent a sample design centered around 

confidence and precision goals for estimates to be summarized across projects.  The final goal, however, 

is to produce loadshape estimates at the unit level and summarize across unit-level estimates within 

each equipment types.  The evaluation team could not design the sample around this goal due to lack of 

information on the distribution of units across the population.  

To obtain sufficient information on each equipment type, we collected the sample using the multi-

phase, multi-stage procedure discussed above.  As stated in the original sampling memo, we expected to 

adjust the target sample sizes as actual sampling progressed in order to meet the meter installation 

targets for each equipment type. We sampled projects according to the target sample sizes described 

above, making refinements to the sampling that occurred after the first phase. 

Sample Phase 1 

In the first phase, we randomly sampled 107 projects13 from the study population (Table 20) based on 

the target distribution across project size and weather region strata (Table 21). We then collected 

detailed project information about the equipment types included within each project from the Sponsors 

for the Phase 1 Project Sample. 

Table 22 shows the distribution of sample sizes achieved in the Phase 1 Project Sample. The total sample 

size was 88 projects (compared to the target of 107) due to high non-response rates as well as 

ineligibility, verified using the detail project information collected during the first phase. Further, several 

sample projects were dropped during the site visits because the actual equipment type using the VSD 

did not match the documented equipment type and therefore the project was determined to be 

                                                             
13 We drew an additional 53 back-up projects (50% of the target sample size) to replace any primary projects that 
were not available. If a primary project was unavailable, we replaced it with a back-up project, randomly selected 
among the available back-up projects in the same stratum as the non-response or dropout project. In the end, 43 
(40%) of the 107 primary projects were dropped and replaced with back-up projects. 
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ineligible for the study. For each initially selected project that did not respond or dropped-out due to 

ineligibility, we attempted to identify a back-up project in the same stratum as the non-responder. 

However, we were not able to replace all non-responders or dropouts.  Among projects selected as 

replacements, additional non-response and dropouts occurred.14  

Table 22. Project Sample Sizes for Phase 1 by Weather Region15 

Project Size  M NEE NEN NES UNY DNY Total 

Phase 1 

1 2 1  0 0 0  4 7 

2 4 5 1 3 2 7 22 

3 7 7 3 3 6 5 31 

4 5 7 8 3 5 0  28 

Total 18 20 12 9 13 16 88 

 

Table 23 shows the distribution of equipment types achieved in the Phase 1 Unit Sample. The 

distribution shows that the sample exceeded the meter installation target for supply fans, but did not 

meet the meter installation targets for the other four equipment types. 

Table 23. Unit Sample Sizes for Phase 1 

Phase SF RF CWP HWP WHP Total 
1 118 38 65 30 5 256 

Total Target 102 72 102 72 72 420 

Pct. of Total Target 116% 53% 64% 42% 7% 61% 

 

Sample Phase 2 

After examining the equipment types achieved in the Phase 1 sample, we made two adjustments to the 

sample strategy for Phase 2:  

¶ We designed the Phase 2 sample to minimize the inclusion of additional supply fans to the 

sample and to target the other four equipment types. 

¶ We increased the expected total project sample size based on the observed average number of 

units per project collected in the Phase 1 sample. 

Projects eligible for sampling in Phase 2 met the following criteria: 

¶ We did not draw the project as either a primary for back-up project in Phase 1. 

                                                             
14 It is important to note the high dropout rates for sampled projects in this study.  The evaluation team removed 
projects from the sample for a number of reasons including: (1) ineligibility based on documented or actual 
equipment type, (2) requests from the Sponsors to remove a customer from the sample, (3) inability to contact the 
customer, or (4) customer declines to participate.  
15 ²ŜŀǘƘŜǊ ǊŜƎƛƻƴǎ ŀǊŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ά5ŜŦƛƴƛǘƛƻƴǎέ ǎŜŎǘƛƻƴΦ 
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¶ For project with equipment type tracking data, the project included at least one VSD on one of 

the following equipment types: RF, CWP, HWP, and WHP. In other words, we marked any 

projects with VSDs only on supply fans as ineligible for Phase 2. 

Á Projects with unknown equipment types were eligible to be included in the sample, 

however, if a sampled project was determined to have no eligible equipment types other 

than supply fans during the documentation review, recruitment phone call, or site visit, we 

replaced the project with a back-up project from the same stratum when possible.  

We initially sampled 45 projects during Phase 2. Table 24 shows the distribution of projects achieved in 

the Phase 2 Project Sample. 

Table 24. Project Sample for Phase 2 

Project Size MAT NEE NEN NES UNY DNY Total 
PHASE 2 

1 0 2 0 0 0 0 2 

2 0 11 0 0 1 0 12 

3 5 8 1 0 3 2 19 

4 0 0 2 0 2 0 4 

Total 5 21 3 0 6 2 37 

 

Table 25 shows the distribution of equipment types included in the unit sample resulting from both 

Phase 1 and Phase 2. The distribution shows that the total sample exceeded the meter installation 

target for supply fans and was close to meeting the target for cooling water pumps.  However, sample 

sizes for RF, HWP, and WHP were still below 90% of the targeted sample sizes though, so we proceeded 

to Phase 3 sampling. 

Table 25. Unit Sample for Phases 1 and 2 Combined 

Phase SF* RF CWP HWP WHP Total 
1 118 38 65 30 5 256 

2 17 20 31 15 10 93 

1+2 135 58 96 45 15 349 

Target 102 72 102 72 72 420 

Percent of Target 132% 81% 94% 63% 21% 83% 

* Although Phase 2 made ineligible any projects that had only supply fans, some projects had supply fans in addition to other 

eligible equipment types. Supply fans added to the unit sample in Phase 2 are units included in these eligible, sampled Phase 2 

projects.   

 

Sample Phase 3 

We performed a third phase of sampling to target the three equipment types with the smallest presence 

in the population: RFs, HWP, and WSHPs.  We reduced the Phase 3 population to projects that met the 

following criteria: 

¶ We did not draw the project as either a primary for back-up project in Phase 1 or Phase 2. 
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¶ For projects with equipment type tracking data, the project included at least one of the 

following equipment types: RF, HWP, WHP.  That is, we marked any projects that included only 

SFs or CWPs as ineligible for Phase 3. 

We sampled 40 projects from the Phase 3 population. Table 26 shows the distribution of projects 

achieved in the Phase 3 Project Sample. 

Table 26. Project Sample for Phase 3 

Project Size  MAT NEE NEN NES UNY DNY Total 
PHASE 3 
1 0 0 0 0 0 0 0 

2 0 1 0 0 0 0 1 

3 2 9 0 1 0 1 13 

4 1 13 4 9 0 0 27 

Total 3 23 4 10 0 1 41 

 

2.1.5 Final Sample for Data Collection  

Table 27 shows the distribution of equipment types in the unit samples collected during each phase and 

resulting overall sample sizes. The distribution shows that the sample sizes exceeded the meter 

installation targets for supply fans, cooling water pumps, and hot water pumps and reached 90% of the 

meter installation target for return fans.  

Table 27. Phase 1+2+3 Unit Sample by Equipment Type 

Phase SF RF CWP HWP WHP Total 

1 118 38 65 30 5 256 

2 17 20 31 15 10 93 

3 2 7 22 38 3 72 

Total 137 65 118 83 18 421 

Target 102 72 102 72 72 420 

Pct. of Target 134% 90% 116% 115% 25% 100% 

 

The final sample includes 166 projects and 421 units across the project size and weather region strata.  

Table 28 shows the distribution of projects sampled in each stratum. For each of the 166 sampled 

projects, we installed power meters on up to four units (on average, we metered 2.5 units per project). 

Table 28. Final Sample of Projects by Weather Region and Project Size 

Project Size MAT NEE NEN NES UNY DNY Total 
1 2 3 0 0 0 4 9 

2 4 18 1 2 3 7 35 

3 14 24 4 4 9 8 63 

4 6 21 14 11 7 0 59 

Total 26 66 19 17 19 19 166 

Pct. of Total 16% 40% 11% 10% 11% 11% 100% 
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Table 29 shows the distribution of units by equipment type and weather region. 

Table 29. Final Sample of Equipment Type by Weather Region 

Equipment Type MAT NEE NEN NES UNY DNY Total 
Supply Fan 22 22 23 9 35 26 137 
Return Fan 14 20 3 3 10 15 65 
Cooling Water Pump 25 54 5 8 4 22 118 
Hot Water Pump 3 46 11 12 5 6 83 
WSHP Circulation Pump 1 10 4 0 3 0 18 

Total 65 152 46 32 57 69 421 

Pct. of Total 15% 36% 11% 8% 14% 16% 100% 

 

Table 30 shows the distribution of units by equipment type category, weather region, and project size. 










































































































