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EXECUTIVE SUMMARY 

A comparison of FirstFuel’s Rapid Building Assessment and traditional on-site 

screening procedures is presented. Rapid Building Assessment is believed to 
have the potential to automate the screening and auditing process, and to 

streamline the identification of Energy Efficiency Measures for the purpose of 
identifying candidates for Retro-commissioning programs and retrofits. The 

results from a scaled field placement of a service using this approach are 
contrasted with measures identified through a typical on-site scoping audit 

as a means for evaluating the overall effectiveness of the new technology.  

PROJECT GOAL 

The objectives for this effort are as follows: 

 Assess the effectiveness of using FirstFuel as a screening and measure 
identification tool for RCx or Building Tune-up programs, including cost 

and volume of savings identified;  

 Assess the effectiveness and cost-advantage of FirstFuel’s remote 

audit approach, relative to traditional on-site screening and scoping;  

 Provide comparative analysis of the emerging technology service’s 

Rapid Building Assessment approach relative to an on-site screening, 
including cost, speed, and quality;  

 Incorporate comments from the PG&E reviewer, if provided, on the 
strengths or limitations of the on-site audit;  

 Document barriers and benefits of integrating the software platform 

into PG&E energy efficiency program offerings; and  

 Document results of participant interviews, make recommendations 

based on interview responses.  

 

PROJECT DESCRIPTION 

Seven buildings in PG&E territory were selected for a scaled field placement 
of the Rapid Building Assessment service. Hourly interval data and the 

physical address of each location were provided to representatives of the 
service. In parallel, a separate team of experienced energy engineers 

conducted independent, on-site scoping audits at each of the test sites. The 
findings from each on-site audit were compiled into individual reports 
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consistent with results that have been traditionally used to identify energy 

efficiency opportunities.  

The energy efficiency measures identified via on-site scoping audit are used 

as a baseline for assessing the effectiveness of the recommendations 
produced by the Rapid Building Assessment service with the recognition that 

on-site scoping audits entail estimates themselves and contain inherent 
limitations on precision. 

PROJECT FINDINGS/RESULTS 

The average difference in energy cost savings opportunities between 

estimates made via traditional on-site scoping audits and recommendations 
generated using FirstFuel’s Rapid Building Assessment was found to be 8% 

of annual usage.  Four of the seven sites produced differences in savings of 

less than 5%.   

End-use breakdowns, generated differently by each approach, and ultimately 

used to estimate savings opportunities for key end-use categories, were 
found to differ by an average of 7% across all categories. Because both 

approaches carry an inherent amount of uncertainty in their cited results, 
the average difference is considered to be well within an acceptable range.  

The on-site audits for all but one of the buildings took approximately 3 hours 
with the largest of the test sites taking 5 hours.  Manual report generation 

for each site took approximately 14 hours. All on-site audit work was 
conducted by a single energy engineer. For the on-site audits a total of 121 

hours was required to identify and document the findings. In comparison, 
FirstFuel’s Rapid Building Assessment service was able to analyze all seven 

of the test sites in under 40 hours – yielding an average of less than 6 hours 
per building and more than 3 times faster than the on-site audits. 

Pricing information for the Rapid Building Assessment service is not currently 

available. As such, a comparison of costs for both approaches is not 
possible. 

Major benefits of FirstFuel’s Rapid Building Assessment include: 

 Requires no site visits reducing travel time and labor hours. A key 

benefit at scale. 

 Results are consistently presented and reported, which improves 

credibility and may increase customer engagement. 

 The service will continue to improve as it moves from a heuristic model 

to a case-based system – allowing it to leverage the results of past 
analysis.  
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 The platform has additional features that may be attractive to Retro-

commissioning customers and will help them benchmark their building 
and track the benefits of past energy improvements.  

 The recommendation engine can be tailored to be contextually aware 
in order to provide suggestions based on a building’s characteristics 

such as age, location, and occupancy type. 

Key barriers for the application of Rapid Building Assessment include: 

 1 year of hourly interval data is required. Data may not be available 
for new buildings or buildings that do not have Smart Meters. 

 Multi-building campuses that are served by a single utility meter may 
prove to be more difficult for the system disaggregate, which may 

affect accuracy of estimates. 

 While portions of the FirstFuel service are automated, 

recommendations still require human interaction in order to validate 
and refine the results based on customer feedback.  

However, this is also a benefit in terms of quality and customer 

engagement as each building analyzed and presented by FirstFuel 
includes involvement of a building engineer.  

 

PROJECT RECOMMENDATIONS 

FirstFuel’s Rapid Building Assessment has demonstrated itself as a viable 

solution to help automate the screening and auditing process.  It has also 
shown that energy efficiency opportunities may be realized by using its 

recommendations to engage facility staff and, if so desired, can be used 
productively in conjunction with on-site auditors to validate and refine the 

results.  

Further testing of the Rapid Building Assessment approach may help answer 

several outstanding questions that have come to the surface during the 

course of this research effort, specifically: 

 If the Rapid Building Assessment is used in conjunction with a detailed 

on-site investigation will the Rapid Building Assessment increase the 
savings of such investigation because of the additional insight it gives, 

particularly regarding operational measures, and if so, by how much? 
How will the recommendations stand up after implementation? 

 How will the system perform and what will be the quality of the results 
for a larger sample size of buildings? 
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 Can demand savings be incorporated into the process? Also, 

implementation costs may need to be incorporated to provide an 
additional facet by which to rank sites. 

The research results reported in this report provide benchmark comparisons 
for the quality of results and speed of the Rapid Building Assessment 

approach versus traditional methods.  Further deployments of the Rapid 
Building Assessment approach should aim to validate the results of this 

report using a larger and more diverse sample size of buildings. 

INTRODUCTION 

The ability to quickly identify energy efficiency opportunities across a 

portfolio of buildings, or across an entire market segment, has the potential 

to streamline the measure identification process. Traditionally, at scale, the 
process of “ranking and stacking” a collection of buildings for the purposes of 

locating high potential participants for Retro-Commissioning (RCx) programs 
has been labor intensive and often yields highly variable results. Depending 

on the experience and expertise of the on-site auditors and the breadth of 
facilities being reviewed, results may vary, which ultimately undermines the 

accuracy with which utilities and RCx program administrators are able to 
prioritize prevalent energy efficiency issues across a targeted band of 

building types.  

BACKGROUND 

A traditional approach to identifying energy efficiency opportunities as part 
of a Retro-commissioning (RCx) program is through an on-site scoping 

audit. While the depth and level of detail of the audit may be dictated by 
many factors – such as program guidelines, project budgets, customer 

expectations, and contractual obligations – scoping audits generally involve 
the following activities: 

 Preliminary building benchmarking of utility electricity and natural gas 
use; 

 A review of existing building documentation; 

 Interviews with building operators and maintenance staff; 

 A walk-through of the facility to document opportunities; and 
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 End-use breakdowns of electrical and gas usage. 

The end product of an RCx site audit generally includes a master list of key 
findings, including energy efficiency measures (EEMs) and rough estimates 

of costs and savings for each measure. In addition, it is customary to 
document the results and provide evidence and supporting material that 

may help justify the existence of the identified opportunities. The overall 
goals of the audit are: 

 Establish an energy consumption baseline; 

 Quantify energy usage according to its discrete functions; 

 Benchmark with similar facilities under similar weather conditions; 

 Identify existing energy cost reduction opportunities; and 

 Evaluate the financial feasibility of all energy efficiency opportunities. 

While on-site scoping audits are an industry standard for the majority of RCx 

programs, methodologies can vary widely. In general, the scoping audit 
process attempts to strike a balance between time spent and value returned, 

depending on the needs of the various stakeholders – be they utilities, 

building owners, or energy program managers. 

The American Society of Heating, Refrigeration and Air-Conditioning 

Engineers (ASHRAE) has established standards for three types of audits. A 
summary of the three standard types is shown in Table 1. 
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TABLE 1. SUMMARY OF ASHRAE AUDIT TYPES 

Audit Type Summary of Activities 

Level 1  Brief on-site survey of the building 

 Energy/demand and cost analysis 
by fuel type 

 Rough breakdown of energy use 

 Savings and cost analysis of low-
cost/no-cost Energy Conservation 
Measures (ECMs) 

 Identification of potential capital 
improvements meriting further 
consideration 

 

Level 2  More detailed building survey 

 Measurements of key operating 
parameters 

 Breakdown of energy use 

 Savings and cost analysis of all 
ECMs 

 Identification of ECMs requiring 
more thorough data collection and 
analysis (Level 3) 

Level 3  Attention to capital-intensive 
projects identified during the Level 1 
or 2 audit 

 More detailed field measurements 
and analysis 

 More rigorous engineering analysis 

 Cost and savings calculations with 
a high level of accuracy 

 

With the availability of metered energy data and the prevalence of building 
information that is readily available in the public domain – such as GIS 

imagery of the building; historical records of construction, renovations and 
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energy related certifications; and energy benchmarks of similar buildings – 

the opportunity to automate portions of the initial scoping audit process has 
become more accessible. By reducing the person hours and turnaround time 

required to produce actionable energy efficiency recommendations, building 
owners, utilities, and energy consultants can take a scaled approach at 

focusing on opportunities across an entire portfolio or specific market 
segment. 

EMERGING TECHNOLOGY 

FirstFuel Software, Inc. (firstfuel.com) is a commercial building energy 
analytics platform that utilizes an approach called a Rapid Building 

Assessment (RBA) to provide both operational and retrofit recommendations 

for energy efficiency opportunities. The method by which the service 
develops its recommendations is initiated when FirstFuel is provided with the 

physical address of the facility and one year of historic electric interval 
consumption data at least hourly. The address of the building is used by the 

FirstFuel service to collect additional information about the building 
including: 

 Hourly local weather data, 

 GIS building data 

 Additional building data that is part of the public domain such as: 

 Square footage 

 Operating schedule 

 Occupancy type  

The hourly interval data is then analyzed, in conjunction with the other 
collected building data, using a proprietary load disaggregation process that 

characterizes the energy consumption of the building using a combination of 

end-use benchmarks, weather dependent energy models, and physical 
building characteristics that have been systematically gathered from the GIS 

data and the other information freely available in the public domain. 

Key results of each FirstFuel analysis include a list of energy saving 

recommendations. Each recommendation is substantiated using a 
combination of quantitative results, energy use benchmarks, and charts and 

graphs generated by the FirstFuel system using the buildings energy 
consumption data. In addition, FirstFuel presents the results of its Rapid 

Building Assessment to building operators for validation and to enhance 
customer engagement. For retrofit measures, the basis for the majority of 

http://firstfuel.com/
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recommendations come from the FirstFuel service’s ability to disaggregate 

end-use demand for each individual building and compare the results to 
benchmarks established for similar buildings – and both are part of the 

company’s intellectual property. With respect to operational ECMs, FirstFuel 
relies on the observed operational efficiency patterns from the interval data. 

Additional sources that can attribute to the basis for FirstFuel’s 
recommendations include: 

 Building age  

 Equipment common to the period 

 Building and energy codes 

 Occupancy 

 Start-up and shut-down transitions 

 Correlation of load profile to expected occupancy periods 

 Weather 

 Correlation of dry bulb and wet bulb temperature to energy demand 

 Impact of solar and wind effects on energy demand 

The FirstFuel service includes a web portal that is used to publish the output 
of the energy analysis engine, as well as energy efficiency 

recommendations, provided by an experienced team of energy efficiency 
experts that help guide the system through its analysis. Recommendations 

are cross-referenced, using hyperlinks, with the corresponding chart or 
analysis that establishes the basis for the recommendation. Customers are 

provided access to a unique user account that includes detailed analysis of 
each of the buildings that have been reviewed as part of the FirstFuel 

service. 

The major sections of each customer’s web portal include: 

 A dashboard listing each of the buildings in their portfolio 

 Allows for the ranking and stacking of building based on: 

 Square footage (sq-ft) 
 Annual Consumption (kWh) 

 Annual Consumption per square foot (kWh/sq-ft) 

 Peak Demand (kW) 
 Annual Savings Potential (kWh) 

 End-uses energy intensities (kWh/sq-ft) 

 A building dashboard serving as a landing page for the building 

detailed view options 

 Key sections of the building dashboard include: 
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 Building summary providing detailed information about the building 

(address, area, year constructed, etc.) 

 Whole Building Analysis 

 Operational Schedules 
 Weather Response 

 Annual Electric Demand Intensity 
 Monthly Consumption 

 Daily Electric Demand 
 Electric Meter Data 

 End-Use Analysis 

 Recommendations 

 Comments 

Examples of several of the analytical tools and graphs, available for each 

building in the customer portal, are provided in Table 2. 

TABLE 2. FIRSTFUEL EXAMPLE GRAPHICS 

A graphic showing a 
building’s end-use 

breakdown including 
individual indicators 

showing where each end-

use lies on the spectrum 
of benchmarks. 

 

Provided in the Whole 

Building Analysis section 
of the portal, the chart to 

the right shows monthly 
consumption and demand. 
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Electricity consumption 

analysis showing the 
contribution of end-uses 

on a monthly basis. 

 

Daily electric demand 
faceted by day of week 

and holidays allowing 
users to compare load to 

hour of day and the 
occupancy schedule of the 

building. 

 

A dial indicator showing 

the ratio of demand 
during occupied and 

unoccupied periods. The 
discrete grading scale is 

based on a benchmark of 
similar buildings.  
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A table of energy cost 

reduction 
recommendations 

including the estimated 
totalized energy and cost 

savings. Users click the 
circled arrow in the left 

column of the 
recommendation table to 

drill down and view a 
more detailed explanation 

of the measure and the 
basis for the finding.  

 

  

 

An additional feature of the web portal provides users the ability to export 
the analysis for a single building into a digital report. The content of the 

report reflects the same content of the web portal; however, it is structured 
differently. Major sections of the report include:  

 Description of the FirstFuel methodology 

 Building Executive Summary 

 Basic Building Information 

 Current Energy Use 

 Annual Electric Demand Intensity 

 Annual Energy Consumption 

 Occupancy Analysis 
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 Daily Energy Consumption 

 Seasonal Energy Consumption 

 End-Use Consumption 

 Energy Savings Potential 

PRESENTATION AND VALIDATION OF RAPID BUILDING RESULTS 
 

Following the completion of each RBA, FirstFuel hosts a webinar for the 

building manager and the site’s energy manager. The webinar 
presentation will include training on the online portal, a review of the 

ECMs, and an introduction to the monitoring and tracking that begins 
after the RBA. Typically, the webinar is attended not only by the site 

energy manager, but also by any mechanical, HVAC or controls 
engineers, or contractors that may be tasked with following up on 

high-potential opportunities. The webinar is conducted by FirstFuel 
engineers with experience in building operations, controls, and energy 

engineering. Additionally, FirstFuel engineers are either Certified 
Energy Managers or Licensed Professional Engineers skilled in HVAC 

design and conducting energy audits.  

During the webinar the FirstFuel engineering team will accomplish the 

following: 

 Review and validate the assumptions used to complete the RBA;  

 Present energy conservation measures to on-site staff; 

 Discuss and recommend optimal building operating strategies 
based on actual observations made from interval data analysis; 

 Make retrofit recommendations and suggest optimal strategies; 
and 

 Assist with the development of an energy efficiency 
measure implementation plan. 

The findings of the RBA are reviewed and validated through an online 
webinar. Similar to an on-site energy audit, it is through these 

discussions that the building’s systems and operating characteristics 
are validated and customer engagement is enhanced, increasing the 

subsequent likelihood of measure adoption. If there are discrepancies 
identified, FirstFuel engineers will then revise the RBA to reflect the 

new findings. Once the results of the RBA have been reviewed and 
approved by the on-site facility staff, it is typical for an on-site 

engineer (or implementation contractor) to be engaged, focused on 
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the development of a scope of work for implementation of ECMs 

approved by the facility staff.  

ASSESSMENT OBJECTIVES 

The objectives of this emerging technologies study are as follows: 

 Assess the effectiveness of using FirstFuel as a screening and measure 
identification tool for RCx or Building Tune-up programs, including cost 

and volume of savings identified;  

 Assess the effectiveness and cost-advantage of FirstFuel’s remote 

audit approach, relative to traditional on-site screening and scoping;  

 Provide comparative analysis of FirstFuel’s Rapid Building Assessment 

approach relative to an on-site screening, including cost, speed, and 

quality;  

 Incorporate comments from the PG&E reviewer, if provided, on the 

strengths or limitations of the on-site audit;  

 Document barriers and benefits of integrating FirstFuel’s software 

platform into PG&E energy efficiency program offerings;  

 Document results of participant interviews, make recommendations 

based on interview responses. 

PRODUCT EVALUATION 

The FirstFuel service has been evaluated using a scaled field placement. 

Seven commercial buildings in PG&E territory were selected as test sites for 

this research. Hourly interval data and the addresses of each test site were 
provided to FirstFuel representatives so as to initiate the analysis conducted 

by their system.  

To serve as a baseline for the assessment of the FirstFuel results, an 

independent energy auditor was commissioned to conduct on-site scoping 
audits at each of the test sites with the recognition that on-site scoping 

audits entail estimates themselves and inherent limitations on precision. The 
results of each audit were compiled into a collection of Scoping Energy Audit 

Reports, consistent with PG&E’s current guidelines. 



 

 14 

PG&E’s Emerging Technologies Program ET12PGE3341 

The test sites were pre-selected as part of the contractual agreement for this 

research effort. As such, all buildings had the required 1-year of historical 
interval data required by the FirstFuel service. 

TECHNICAL APPROACH 

Assessment of the results produced by the FirstFuel system, used to produce 
energy efficiency recommendations at each test site, was compared to EEMs 

identified as part of a traditional on-site scoping audit (labeled as RCx in 
figures and tables, herein).  

ASSESSMENT OF FIRSTFUEL EFFECTIVENESS 

The effectiveness of the FirstFuel service has been assessed relative to 
an on-site audit using a comparison of the two approaches in three 

respects: quality of the results, speed of the auditing process, and cost 
effectiveness of the approach. 

DETERMINATION OF POTENTIAL SAVINGS 

For the EEMs recommended via the on-site scoping audit, energy 

savings are generally based on the product of end-use breakdown and 
square footage of the facility. End-use breakdowns are estimated using 

collected nameplate data, utility data analysis, and estimated annual 
operating hours. 

Estimated energy savings included in the FirstFuel recommendations 
are also based on the system’s generated end-use breakdown; 

however, end-uses are generated using the company’s proprietary 
algorithms. For the end-uses, the FirstFuel platform lists the 

assumptions beneath each chart. These variables were used to 
generate the end-use breakdown. Further, during the presentation of 

the results to each facility operator, the end-use assumptions were 
validated through discussion and where discrepancies arose, the 

FirstFuel team amended the analysis to reflect actual site conditions as 
verified by the building operators.  

For the purposes of this report, end-use breakdowns developed using 

the on-site scoping data will be used as a baseline for comparing the 
FirstFuel results. Both the on-site audit and the FirstFuel approach 

provide meaningful results. While an on-site audit is based on the 
observations from a specific point in time, the FirstFuel analysis relies 
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on hourly interval data for a 1-year period (roughly 8,760 hours). The 

FirstFuel remote audit is exceedingly strong in its ability to identify 
opportunity for the implementation of detailed operational energy 

efficiency measures including those not identified by on-site audits.  

COMPARISON OF COSTS 

Pricing information for the FirstFuel service is not currently available. 

Alternatively, the costs associated with the on-site scoping process are 
used to establish a benchmark that can be used to make several key 

assumptions about the cost effectiveness of services believed to be 
viable candidates for replacing all or portions of the traditional on-site 

scoping process.  

RESULTS  

Descriptions of each of the test sites, as documented by the independent on-
site scoping audits, are provided below. Further discussion and comparison 

of the two auditing methods are provided in the Evaluations Section. 
Additionally, the energy efficiency measures identified during the on-site 

scoping audits and recommendations generated by the FirstFuel system are 
summarized. 

TEST SITE DESCRIPTIONS 

The following descriptions for each test site were obtained during the 
course of each on-site audit. The level of detail provided does not 

reflect all information gathered, rather, it establishes a baseline for the 
comparison of results generated by the FirstFuel system. 

TEST SITE 1 

A public library and community center constructed in 2004. The two 
story structure covers a gross area of approximately 65,000 sq-ft.  

OCCUPANCY 

The building is open six days per week with the following daily 
schedule: 

 Mon – Thu: 8AM to 8PM 
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 Fri: 8AM to 3PM 

 Sat: 9AM to 1PM 

 Sun: Closed 

HVAC SYSTEMS 

The major HVAC equipment is as follows: 

 The HVAC system consists of (3) VAV air handlers (AHU-1, 2, & 
4) and (2) single zone air handlers (AHU-3 & 5) which are 

located on the roof. Each air handler features supply and return 
fans with VFDs, chilled water cooling coils and airside 

economizers. AHU-3 and 5 have hot water heating coils. 

 The VAV zones consist of cooling only VAV boxes and VAV boxes 

with reheat coils. 

 Chilled water is provided by (2) 114-ton Carrier air-cooled 

chillers; each chiller has two compressors. 

 Chilled water distribution is handled by a constant volume 
primary loop and a variable flow secondary loop. The primary 

chilled water pumps consists of (2) 3-hp pump and the 
secondary loop consists of (2) 7.5-hp pump. The secondary 

pumps utilize VFDs for flow control. 

 Heating hot water is provided by (2) 999-MBH (input) gas fired, 

Pennant brand Boilers.  

 Hot water distribution consists of (2) 3-hp variable volume 

pumps equipped with VFDs. 

 Telecom closets are conditioned by wall mounted ductless split 

systems. 

The HVAC systems are controlled by a remote DDC energy 

management system (EMS) located at a central facility office. 

LIGHTING SYSTEMS 

Lighting consists of both recessed and pendent fluorescent fixtures 

with 4’ T8 lamps. All enclosed areas such as offices, restrooms, and 
study rooms are controlled by occupancy sensors. Other lighting 

fixtures include pendant fixtures and recessed can fixtures with CFL. 
The gym is lit by high bay pendant fixtures with CFLs. Approximately 

half of the exterior lighting has been retrofitted with LED wall packs 
and LED pole fixtures. Pole mounted HID fixtures still remain in the 

parking lot area.  
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Lighting is controlled by a WattStopper Lighting Control System. The 

control program schedules all lighting in the building based on 
occupancy. The exterior lighting is turned on at night using a 

combination of time of day and photocells. Lights are turned on and off 
based on time of day and the availability of ambient light.  

RCX FINDINGS 

Table 3 shows the EEMs identified during the on-site audit.  

TABLE 3. RCX FINDINGS: TEST SITE 1 

 

FIRSTFUEL RECOMMENDATIONS 

Recommendations for the FirstFuel system are shown in Table 4.  

TABLE 4. FIRSTFUEL RECOMMENDATIONS: TEST SITE 1 

 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1 Re-commission economizers on AHUs 36,800 5 0 419,376 $6,256 $6,000 $3,000 0.5

2
Increase heating & cooling setpoint and reduce 

minimum cfm using occupancy sensors
7,500 0 150 101,176 $1,425 $2,000 $825 0.8

3
Upgrade interior and exterior lighting sytems and 

controls
99,643 95 927 1,232,615 17,866 47,050 4,039 2.4

4
Use power management software to manage PC 

power setting
20,000 0 0 227,922 $3,400 $3,000 $1,500 0.4

Total        163,943 100 1,077 1,981,088 $28,947 $58,050 $9,364 1.7

Recommendation Type
Electricity 

Savings

Electricty 

Cost Savings

kWh

Investigate the unoccupied consumption Operational 49,146      $7,372

Perform a building envelope audit to identify and address 

the apparent building shell integrity issues.
Retrofit 23,418      $3,513

Personal computer and plug load power management 

practices should be evaluated during unoccupied periods.
Retrofit 14,370      $2,156

Total 86,934      $13,041
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TEST SITE 2 

The facility is an animal care facility constructed in 2002. The single 

story facility has a gross area of approximately 42,000 sf. Other 
occupancies for this facility include: 

 Offices 

 Surgery (animal) 

 Classrooms 

The building’s architectural features include dual pain windows and 

skylights located at the atrium. 

OCCUPANCY 

The building is open six days per week with the following daily 
schedule:  

 Mon: Closed 

 Tue - Sat: 11AM to 7PM 

 Sun: 11AM to 5PM 

HVAC SYSTEMS 

The HVAC system in this facility operates 24/7, providing 

heating/cooling and ventilation for the animals. The major HVAC 
equipment is as follows: 

 The primary HVAC system consists of (7) 100% outside air 
(OSA) constant volume air handlers located on the roof. Each air 

handler consists of an associated exhaust fan with a run around 
heat recovery loop. The run around loop tempers the incoming 

outside air. 

 The non-animal spaces are served by (7) AC units located on the 

roof. Unlike the air handlers, the AC units do not operate 24/7.  

 Heating is provided by (2) 1825 MBH LAARS Mighty Therm gas 
fired boilers. The hot water distribution consists of (2) 3-hp 

variable volume pumps with VFDs. 

 Chilled water is provided by (2) 83-ton Carrier air-cooled chillers. 

Chilled water distribution consists of a constant volume primary 
loop and a variable volume secondary loop. The chilled water 

pumps include (2) 3-hp primary pumps and (2) 10-hp secondary 
pumps. The secondary pumps feature VFDs. 
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The HVAC system is controlled by a remote DDC energy management 

system (EMS) located at the central facility office. 

LIGHTING SYSTEMS 

Primary lighting consists of recessed fluorescent fixtures with 4’ T8 
lamps and electronic ballasts. Some of the office areas have pendant 

fluorescent fixtures. Other lighting includes recessed fixtures with 
compact fluorescent lamps. Incandescent lamps are being utilized in 

the classroom. There are some decorative sconce lighting fixtures that 
utilize halogen lamps. Lighting is primarily controlled by manual wall 

switches. Parking lot lighting consists of pole mounted HID fixtures.  

RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 

Table 5. 

TABLE 5. RCX FINDINGS: TEST SITE 2 

 

FIRSTFUEL RECOMMENDATIONS 

Recommendations for the FirstFuel system are shown in Table 6. 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1
Install variable frequency drives on the primary 

chilled water pumps
4,717 2 0 53,753 $708 $5,000 $425 6.5

2 Review HVAC schedules and modified as needed 21,840 0 1,064 360,308 $4,340 $200 $100 immediately

3
Increase heating and cooling dead band in classroom 

when unoccupied with occupancy sensors
1,496 2 198 37,779 $422 $1,200 $333 2.1

4
Upgrade interior and exterior lighting sytems and 

controls
54,855 7 0 625,132 $8,228 $35,632 $4,937 3.7

Total        82,908 11 1,262 1,076,972 $13,700 $42,000 $5,800 2.6
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TABLE 6. FIRSTFUEL RECOMMENDATIONS: TEST SITE 2 

 

TEST SITE 3 

The site is an 18 story high-rise with a 3-story wing and a rotunda. 

Approximately 530,000 square feet of gross floor area including a one 
story of basement and a below grade parking garage. The building 

houses offices and a small data center. The building earned LEED-EB 
certification in 2009, roughly 4 years after construction.  

Architectural features in this building include a narrow rectangular 
design with a curtain glass façade and sun shading which provides 

ample amount of day lighting throughout the building. High 
performance low-E glazing is utilized in this site. The rotunda features 

a glass dome; taking full advantage of natural day lighting. Other 
features include natural ventilation in the tower via manually operated 

window vents. 

OCCUPANCY 

The Test Site 3 is opened to the public five days per week according to 

the following schedule: 

 Mon – Fri: 8AM to 5PM 

 Sat & Sun: Closed 

HVAC SYSTEMS 

The major HVAC equipment is as follows. 

Recommendation Type
Electricity 

Savings

Electricty Cost 

Savings

kWh

Evaluate the existing lighting assets for the possibility of 

fixture retrofits and a deployment of occupancy controls.
Retrofit 65,806               $9,871

Evaluate the existing parking lot lighting assets for the

possibility of fixture retrofits and controls.
Retrofit 18,205               $2,731

Personal computer and plug load power management

practices should be evaluated during unoccupied

periods.

Retrofit 28,537               $4,281

Total 112,548             $16,883
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 The primary HVAC system consists of (44) Energy Labs VAV air 

handlers, each located in dedicated mechanical rooms. The 
tower HVAC arrangement is typically two AHUs per floor, one on 

each end of the building. The tower is served by (33) AHUs, the 
wing is served by (4) AHUs and the rotunda is served by (7) 

AHUs. Each air handler features VFDs on the supply and return 
fan, air-side economizer, chilled water cooling coil and hot water 

heating coil. The air handlers provide conditioned air to cooling 
only VAV boxes and VAV boxes with hot water reheat coils. 

 The data center is conditioned by (4) Liebert chilled water 
computer room air conditioning (CRAC) units. Air distribution for 

the data center is served by an under-floor distribution system. 
Air flow management consists of a hot and cold aisle 

containment system with plastic curtains separating the aisles.  

 The parking garage is served by two VFD equipped exhaust fans 

controlled by CO sensors mounted throughout the parking lot. 

 Chilled water is provided by (3) York water cooled chillers. 
Chiller 1 and 2 are 875-ton, variable speed centrifugal chillers 

and Chiller 3 is a 180-ton screw chiller. 

 Chilled water distribution is handled by a primary-only, variable 

volume loop with (1) 20-hp pump and (2) 75-hp pumps. The two 
75-hp pumps are equipped with VFDs while the 20 HP pump is 

constant speed.  

 Condenser water to the chillers is provided by (3) cooling towers 

located on the roof of the building. The fans on the cooling 
towers are all equipped with VFDs. 

 Condenser water is distributed by (3) constant speed condenser 
pumps, (1) 15-hp and (2) 75-hp.  

 Heating hot water is provided by (2) 8,900 MBH gas fired boilers 
manufactured by Superior Boiler Works Inc.  

 Hot water distribution features a constant volume primary loop 

and two variable volume secondary loops, one for the tower and 
the other for the wing and rotunda. The primary pumps consists 

of (2) 5-hp pumps. The secondary loop consists of (5) variable 
speed pumps; (2) at 15-hp, (2) at 10-hp and (1) at 5-hp.  

 Radiant heating and cooling in the rotunda is provided by (2) 
heat exchangers, one for heating and the other for cooling. The 

heat exchangers provide hot or cold water to the concrete slabs 
depending on whether it needs heating or cooling. 
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The HVAC system is controlled by a Honeywell DDC energy 

management system (EMS); the EMS workstation is located in the 
engineering office. 

LIGHTING SYSTEMS 

The primary lighting in this building consists of recessed 2’x4’, 3 lamp 

fluorescent T8 fixtures with electronic ballasts. Lighting in enclosed 
spaces, hallways and stairwells are controlled by occupancy sensors. 

Other lighting includes recessed can fixtures with compact fluorescent 
lamps.  

The open office area on the 9th floor has been retrofitted with 
occupancy sensors - one sensor per fixture, with dimming ballasts and 

lamps. When no occupancy is detected the fixture will dim to 50%. 
This floor was retrofitted by in-house staff as a pilot project.  

Lighting in this building is controlled by a LCD (Lighting Controls & 

Design) System. 

OTHER SYSTEMS 

Other energy consuming equipment in this building includes a 
domestic booster pump system with (3) 15-hp variable speed pumps. 

The reclaimed water system consists of a 25-hp variable speed pump; 
this system provides reclaimed water to the toilets and urinals. The 

water feature in the plaza consists of a 40-hp filtration and circulation 
pump, the water feature operates 24/7. 

RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 

Table 7. 
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TABLE 7. RCX FINDINGS: TEST SITE 3 

 

FIRSTFUEL RECOMMENDATIONS 

Recommendations from the FirstFuel system for test site 3 are shown 
in Table 8. 

TABLE 8. FIRSTFUEL RECOMMENDATIONS: TEST SITE 3 

 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total 

Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1
Retrofit parking garage lighting to LED with 

occupancy sensors
24,860 4 0 283,307 $3,232 $28,000 $2,237 8.0

2 Retrofit recessed 3-lamp fixtures to 2-lamps 450,100 145 0 5,129,376 $58,513 $490,000 $40,509 7.7

3 Install VFD on chilled water pump P-06 35,040 0 0 399,319 $4,555 $7,650 $3,154 1.0

4
Increase data room temperature setpoint from 68 

deg F to 78 deg F
75,000 9 0 854,706 $9,750 $200 $100 0.0

5
Install plate and frame heat exchanger for free 

cooling
168,000 20 0 1,914,541 $21,840 $275,000 $15,120 11.9

6
Implement differential pressure reset on chilled 

water pumps
12,600 0 0 143,591 $1,638 $2,700 $1,134 1.0

7 Re-commission the building 396,000 48 2,600 4,785,068 $54,080 $150,000 $38,240 2.1

Total        1,161,600 226 2,600 13,509,907 $153,600 $953,600 $100,490 5.6

Recommendation Type
Electricity 

Savings

Electricty Cost 

Savings

kWh

Investigate the operation of the "free cooling" system Operational 230,422         $34,563

Evaluate actual occupancy patterns in the late afternoon 

and evening, and reschedule the final shutdown of 

equipment.

Operational 168,006         $25,201

Review Computer Room or Data Center cooling practices 

and readjust settings to reduce power consumption.
Operational 88,041           $13,206

Personal computer and plug load power management

practices should be evaluated during unoccupied

periods.

Retrofit 376,025         $56,404

Total 862,494         $129,374
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TEST SITE 4 

The site consists of a single story building totaling approximately 

15,000 square feet which was constructed in 2006. The primary usage 
of this building is a public library. Other spaces in this building include:  

 Staff work area 

 Technology center 

 Study room 

 Community room 

Architectural features in this building include large dual pane storefront 
windows and clerestory windows which provide an ample amount of 

day lighting. 

OCCUPANCY 

The facility is opened to the public four days per week according to the 

following schedule: 

 Mon: 10AM to 6PM 

 Tue – Wed: 11AM to 8PM 

 Thu: 11AM to 8PM 

 Fri – Sun: Closed 

HVAC SYSTEMS 

The major HVAC equipment includes: 

 The primary HVAC system consists of (6) AAon package VAV 

rooftop AC units and (2) AAon constant volume AC units. Each 
AC unit consists of a supply fan, DX coil, air-side economizer and 

a gas fired furnace for heating. The AC units range from 2 tons 
to 13 tons in capacity. The VAV units feature variable frequency 

drives (VFDs) on the supply fans. CO2 sensors are installed in 

enclosed spaces for demand control ventilation.  

 VAV boxes located throughout the building provide airflow and 

temperature control in the occupied spaces. 

The HVAC system is controlled by a remote EMS located in the remote 

district office. 
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LIGHTING SYSTEMS 

Lighting in the building consists of both recessed and pendent 
fluorescent fixtures with 4’ T8 lamps. All enclosed areas such as 

offices, restrooms and study rooms are controlled by occupancy 
sensors. Other lighting fixtures include pendant fixtures and recessed 

can fixtures with CFL. Track lighting, with halogen lamps, is used in 
the entrance area and checkout area. 

The parking lot lighting consists of pole mounted HID fixtures.  

Lighting is controlled by a WattStopper Lighting Control System. The 

control program provides scheduling of all lighting in the building and 
the exterior lighting control consists of a schedule and photocell. 

RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 
Table 9. 

TABLE 9. RCX FINDINGS: TEST SITE 4 

 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1
Reschedule AC Units and 

Building Lighting Controls
3,120 0 374 74,755 $917 $300 $150 0.2

2

Raise the Room Temperature 

Setpoint in the Electrical and 

Telecom Room

730 0 0 8,319 $128 $150 $66 0.7

3

Increase Dead Band and 

Reduce Minimum Air Flow in 

Community Room, Teen Room 

and Study Room

1,770 0 212 42,409 $524 $2,000 $372 3.1

4
Upgrade interior and exterior 

lighting sytems and controls
10,714 5 0 122,095 $1,886 $13,888 $964 6.9

5

Use Power Management 

Software to Manage PC Power 

Settings

4,000 0 0 45,584 $704 $1,000 $360 0.9

Total        20,300 5.3 590 293,200 $4,200 $17,300 $1,910 3.7
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FIRSTFUEL RECOMMENDATIONS 

Table 10 shows recommendations from the FirstFuel system for test 
site 4. 

TABLE 10. FIRSTFUEL RECOMMENDATIONS: TEST SITE 4 

 

TEST SITE 5 

The site is a two story structure with one basement level consisting of 

two connected buildings. The original building was constructed in 1892 
and the newer wing was constructed in 1991. The original building has 

a total gross area of approximately 35,000 square feet. The new wing 
is approximately 43,000 square feet. Space types in this building 

include:  

 Galleries 

 Offices 

 Staff work area 

 Art storage 

 Retail cafe 

OCCUPANCY 

The Museum of Art is opened to the public six days per week according 
to the following schedule: 

 Mon: Closed to public; Open to staff 

 Tue – Sun: 11AM to 5PM 

Recommendation Type
Electricity 

Savings

Electricty 

Cost Savings

kWh

Evaluate actual occupancy patterns in the late afternoon 

and evening, and reschedule the final shut-down of 

equipment.

Operational 1,066             $160

Perform a building envelope audit to identify and address 

the apparent building shell integrity issues.
Retrofit 9,318             $1,398

Personal computer and plug load power management 

practices should be evaluated during unoccupied periods.
Retrofit 2,626             $394

Total 13,010           $1,952
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 Every 3rd Thur of the Month: 11AM to 8PM 

The typical staff schedule is as follows: 

 Mon – Sun: 7:30AM to 6PM 

HVAC SYSTEMS 

The HVAC system in the new wing operates 24/7, to maintain a space 

temperature of 70 °F and a relative humidity of 50%; 24/7 air 
conditioning is necessary to preserve the art work. 

The major HVAC equipment is as follows. 

 The primary HVAC system in the original building consists of (5) 

rooftop package AC units and (2) split systems.  

 The new wing is conditioned by (2) multi-zone air handlers, one 

located in the basement and the other on the roof. The multi-
zone systems consist of a hot deck, a cold deck and a bypass 

deck. The hot deck features a hot water coil and the cold deck 

has a DX coil with a water cooled condensing unit. Each zone 
consists of a low pressure electric steam system. The steam 

system controls the humidity in the museum. 

 The condenser water for the two condensing units is provided by 

a BAC brand cooling tower with a 7.5-hp fan motor. Condenser 
water distribution consists of (3) 7.5-hp pumps.  

 Heating hot water is provided by a 961,000-Btuh (80% efficient) 
Raypack gas fired boiler. Hot water distribution is provided by 

(2) inline 1.5-hp constant speed pumps. 

The HVAC system is controlled by DDC energy management system 

(EMS) located in the basement with the exception of the roof top AC 
units which have thermostats. 

LIGHTING SYSTEMS 

Primary lighting in the gallery consists of track fixtures with PAR38 
type halogen lamps. All other track lighting, not in the gallery, has 

been upgraded to compact fluorescent lamps. The fluorescent lighting 
in the offices and basement area has been upgraded from T12 lamps 

to T8 lamps and electronic ballasts. The lighting upgrade was 
completed approximately 6 months prior to this audit. The work area 

in the basement consists of pendant fixtures with incandescent lamps. 
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RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 
Table 11. 

TABLE 11. RCX FINDINGS: TEST SITE 5 

 

FIRSTFUEL RECOMMENDATIONS 

Table 12 shows recommendations from the FirstFuel system for test 
site 5. 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total 

Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1 Re-commission HW valve on Multi-zone S-1 0 0 695 72,767 $605 $3,000 $695 3.8

2 Review HVAC schedules and adjust as necessary 62,000 0 183 725,717 $8,863 $300 $150 0.0

3
Replace existing programmable thermostats and 

network package units to EMS
15,600 0 60 184,061 $2,244 $15,000 $1,464 6.0

4
Install VFDs on multi-zone AHUs and upgrade 

controls
57,300 0 122 665,769 $8,144 $62,000 $5,279 7.0

5*
Replace rooftop package units with high efficiency 

units
14,000 10 0 159,545 $1,960 $26,040 $1,260 12.6

6
Replace DX coils with chilled water coils and install 

new air-cooled Turbocor chiller
50,000 8 0 569,804 $7,000 $220,000 $7,500 30.4

7 Retrofit the loading dock HID lighting to LEDs 3,700 1 0 42,165 $518 $2,250 $333 3.7

8
Replace basement work area incandescent lamps 

with CFLs
1,740 2 0 19,829 $244 $300 $150 0.6

9
Install occupancy sensors throughout the building 

and a central lighting control system
45,000 0 0 512,824 $6,300 $120,000 $4,050 18.4

Total        249,340 21 1,060 2,952,481 $35,900 $448,900 $20,880 11.9

* Incremental cost between high efficiency equipment and standard efficiency equipment
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TABLE 12. FIRSTFUEL RECOMMENDATIONS: TEST SITE 5 

 

TEST SITE 6 

The site is a single story building totaling approximately 13,500 square 

feet. The building was constructed in 2006. The primary usage of this 
building is a public library, other spaces include:  

 Study room 

 Quiet study room 

 Technology center 

 Staff work area 

  Community room 

 

Architectural features in this building include large dual pane storefront 

windows and clerestory windows which provide ample day lighting.  

OCCUPANCY 

The facility is opened to the public four days per week according to the 
following schedule: 

 Sun – Tues: Closed 

 Wed: 11AM to 8PM 

 Thu – Sat: 10AM to 6PM  

Recommendation Type
Electricity 

Savings

Electricty Cost 

Savings

kWh

Evaluate the existing occupied/unoccupied building 

automation schedules
Operational 19,698        $2,955

Investigate the Monday Consumption. Operational 78,251        $11,738

Investigate the potential for night setback during the 

cooling season.
Operational 58,746        $8,812

Evaluate the existing lighting assets for the possibility of 

fixture retrofits.
Retrofit 143,438      $21,516

Total 300,133      $45,021
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The community room is rented to the public for non-profit community 

events and may be operated outside of the normal occupancy 
schedule. 

HVAC SYSTEMS 

The major HVAC equipment is as follows: 

 Two McQuay VAV AC systems (AC-1 and AC-2) located in the 
mechanical yard for air conditioning. Each AC unit consists of an 

air-side economizer, 15-hp supply fan with VFD, DX coils and 
three condenser fans. At the zone level there are VAV boxes with 

hot water reheat coils.  

 Exhaust fans EF-1 through EF-4 (ranging from ¾ to 1-hp) 

serving restrooms, telecom room and electrical rooms. 

 Exhaust fan EEF-1 and EEF-2 (2-hp each) are the general 

exhaust for the building and are equipped with VFDs. 

 AC-3 and AC-4 are Mitsubishi ductless split systems; they serve 
the telecom room and the electrical room, respectively. 

 One 490-MBH (input) Raypak gas fired boiler provides heating to 
the building.  

 Inline variable volume hot water distribution pump with VFD 
control 

 One AO Smith brand electric hot water heater provides domestic 
hot water service 

LIGHTING SYSTEMS 

Lighting consists of both recessed and pendent fluorescent fixtures 

with 4’ T8 lamps. All enclosed areas such as offices, restrooms, and 
study rooms are controlled by occupancy sensors. Other lighting 

fixtures include pendant fixtures with compact fluorescent lamps.  

Exterior lighting consists of pole mounted HID fixtures in the parking 
lot. The overhang lighting in the front of the building consists of 

surface mounted HID fixtures. 

Lighting is controlled by a WattStopper Lighting Control System. The 

control program provides scheduling of all lighting in the building. The 
exterior lighting is also controlled by a photocell. 
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RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 
Table 13. 

TABLE 13. RCX FINDINGS: TEST SITE 6 

 

FIRSTFUEL RECOMMENDATIONS 

Table 14 shows recommendations from the FirstFuel system for test 

site 6. 

TABLE 14. FIRSTFUEL RECOMMENDATIONS: TEST SITE 6 

 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1 Implement static pressure ‘trim and respond’ reset 3,600 1 0 41,026 $648 $3,800 $324 5.4

2
Re-commission the Economizer Controls on AC-1 

and AC-2
6,900 4 0 78,633 $1,242 $5,000 $621 3.5

3
Raise the Room Temperature Setpoint in the 

Electrical and Telecom Room
900 0 0 10,256 $162 $150 $75 0.5

4
Increase Dead Band and Reduce Minimum Air Flow 

in Community Room, Teen Room and Study Room 
880 0 180 28,875 $338 $2,000 $259 5.1

5
Review HVAC schedules and revise according to 

staff and public hours 
9,400 0 420 151,097 $2,112 $300 $150 0.1

6
Upgrade interior and exterior lighting sytems and 

controls
9,650 2 0 109,972 $1,737 $10,117 $869 5.3

7
Use Power Management Software to Manage PC 

Power Settings
3,000 0 0 34,188 $540 $1,000 $270 1.4

Total        34,330 7 600 454,047 $6,800 $22,400 $2,600 2.9

Recommendation Type
Electricity 

Savings

Electricty Cost 

Savings

kWh

Investigate consumption on days when then building is closed 

and the hours when the building is unoccupied.
Operational 3,470                 $521

Personal computer and plug load power management 

practices should be evaluated during unoccupied periods.
Retrofit 2,169                 $325

Perform a building envelope audit to identify and address the 

apparent building shell integrity issues.
Retrofit 2,530                 $380

Total 8,169                 $1,226
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TEST SITE 7 

The site consists of a single story building totaling approximately 

13,000 square feet. The building was constructed in 2007. The primary 
usage of this building is a public library. Other spaces in this building 

include:  

 Staff work area 

 Technology center 

 Study room 

 Community room 

Architectural features in the building include large dual pane storefront 

windows, clerestory windows, and skylights which provides ample 
amount of day lighting. 

OCCUPANCY 

The facility is opened to the public four days per week according to the 
following schedule: 

 Mon: Closed 

 Tue: Closed 

 Wed: 11AM to 8PM 

 Thu – Sat: 10AM to 6PM 

 Sun: Closed 

HVAC SYSTEMS 

The major HVAC equipment is as follows. 

 The primary HVAC system consists of (3) AAon package VAV 

rooftop AC units. Each AC unit consists of a supply fan with VFD, 
DX coil and an air-side economizer. The AC units range in 

capacity from 16-tons to 30-tons. CO2 sensors are installed in 

the facility for demand control ventilation.  

 Exhaust fans EEF-1 through EEF-3 are associated with the three 

AC units and controlled by VFDs. 

 Three other exhaust fans (EF-1 through EF-3) serve restrooms, 

telecom room and electrical room. 

 VAV boxes with hot water reheat located throughout the building 

provide airflow and temperature control in the occupied spaces. 
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 Other HVAC system in this building consists of (2) Mitsubishi 

ductless split systems: one serves the telecom room and the 
other serves the electrical room. 

 Heating hot water is provided by a Raypack 600-MBH (input) 
heating hot water boiler located on the roof. Hot water 

distribution consists of a 1-hp variable volume pump. 

Based on the square footage of this building the HVAC systems are 

believed to be oversized. The total installed cooling capacity is 68 tons 
and an initial assessment estimated that the building’s peak load is 

approximately 30 tons. Oversized equipment may cause unstable 
discharge air temperature and frequent cycling of the DX compressors. 

The HVAC system is controlled by a remote DDC energy management 
system (EMS). 

LIGHTING SYSTEMS 

Lighting in the building consists of both recessed and pendent 
fluorescent fixtures with 4’ T8 lamps. All enclosed areas such as 

offices, restrooms, and study rooms are controlled by occupancy 
sensors. Other lighting fixtures include pendant fixtures and recessed 

can fixtures with CFL. The parking lot lighting consists of pole mounted 
HID fixtures.  

Lighting is controlled by a WattStopper Lighting Control System. The 
control program provides scheduling of all lighting in the building and 

the exterior lighting control consists of a schedule and photocell. 
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RCX FINDINGS 

Findings resulting from the on-site scoping audit are summarized in 
Table 15. 

TABLE 15. RCX FINDINGS: TEST SITE 7 

 

FIRSTFUEL RECOMMENDATIONS 

Table 16 shows recommendations from the FirstFuel system for test 
site 7. 

TABLE 16. FIRSTFUEL RECOMMENDATIONS: TEST SITE 7 

 

EVALUATIONS  

The purpose of this study is to compare the traditional on-site method of 
conducting a first level site scoping audit to the no touch inverse modeling 

method, which has been gaining acceptance in the market and holds the 
potential to speed and expand the adoption of energy efficiency in buildings. 

EEM Measure Description
Electricity 

Savings

Peak 

Demand 

Reduction

Natural 

Gas 

Savings 

Total Source 

Energy 

Savings

Cost 

Savings

Estimated 

Project 

Cost

Estimated  

Incentive

Simple 

Payback

kWh/yr kW therms/yr kBtu/yr $/yr $ $ years

1 Implement duct static pressure reset 3,300 1 0 37,607 $594 $3,800 $297 5.9

2
Raise room temperature setpoint in electrical & 

telecom room to 78 deg F
930 1 0 10,598 $167 $150 $75 0.4

3

Increase dead band & reduce minimum air flow in 

Community Room, Teen Room, Study Room & Tech 

Center

1,600 0 165 35,509 $453 $2,000 $309 3.7

4
Upgrade interior and exterior lighting sytems and 

controls
15,250 3 0 173,790 $2,745 $14,129 $1,373 4.6

5
Use power management software to manage PC 

power settings
4,000 1 0 45,584 $720 $1,000 $360 0.9

Total        25,080 6 165 303,089 $4,700 $21,100 $2,410 4.0

Recommendation Type
Electricity 

Savings

Electricty Cost 

Savings

kWh

Investigate consumption on days when then building is closed 

and the hours when the building is unoccupied.
Operational 6,379                 $957

Personal computer and plug load power management 

practices should be evaluated during unoccupied periods.
Retrofit 3,510                 $527

Total 9,889                 $1,484
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It is important to note that ASHRAE defines three levels of audits, each 

increasing in both scope and engineering intensity over the previous level. 
This study compares the new methodology to the results of the traditional 

first level ASHRAE building audit which is normally used to quickly assess 
building equipment, quantify energy use, and identify potential Energy 

Conservation Measures (ECMs) so that opportunities in the building can be 
identified, ranked, and prioritized relative to other buildings.  

In this study Enovity’s engineers conducted traditional first level on-site 
audits on seven buildings which ranged in complexity from simple libraries to 

a large office building and an animal hospital. The classic methodology for 
scoping audits was used. These audits typically begin with a visit to the site 

in order to gather data by talking to the building staff and collecting 
information about building schedules, lighting, HVAC equipment, boilers, and 

other utility loads. Combining this information with annual electric and gas 
bills, simple calculations are performed to roughly approximate the amount 

of energy consumed by each end-use. From this analysis Enovity identified 

potential ECMs for which savings metrics were then applied to the end-use 
energy estimates to approximate the energy savings associated with each 

measure.  

FirstFuel engineers performed the remote audit using their Rapid Building 

Assessment process. This method starts with only the address of the 
building and one year of historic electrical interval consumption data 

recorded at least hourly. FirstFuel inputs this data into an advanced analytics 
engine along with both (a) local hourly weather data (including dry bulb and 

wet bulb temperatures, wind, and solar radiation) and (b) additional building 
data FirstFuel aggregates from public sources. FirstFuel’s analytics engines 

then generates a model specific for each building, which describes how that 
building uses energy based on the day of the week, daily operating 

schedules, and seasonal weather.  

FirstFuel’s engineers then use satellite imaging and web searches to discover 

additional information about the building, to evaluate its construction, and to 

inspect the HVAC equipment which is external to the building. This data, 
together with the output of the analytics engine, enables FirstFuel to 

complete a detailed analysis of how energy is used day by day throughout 
the year and an end-use breakdown of utility loads. Based on this output, 

FirstFuel then generates ECMs with associated savings estimates.  

There are several advantages of FirstFuel’s approach. First, unlike the 

traditional method, which requires only that end-use consumption balances 
on an annual basis, FirstFuel’s analytics-enabled audit requires that end-use 

energy balance on an hourly basis throughout the entire study year. This 
method of hourly accounting improves the quality of the estimates.  
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Second, traditional audits require the time intensive and intrusive step of 

contacting building staff in order to conduct the audit. Alternatively, in the 
FirstFuel method, the initial audit is completed without contacting the 

building staff. Only after the initial audit is complete are the results 
presented to the staff so that the data has a chance to tell the story of how 

energy is actually used in the building and deepen customer engagement in 
the process. (It is not uncommon for the building to operate differently than 

the way the staff describes it to a traditional auditor.) If necessary, the 
remote audit settings are revised and the analysis updated to reflect the 

building operator’s inputs in the final remote audit results. 

Third, since the remote audit analyzes electric interval consumption and 

weather data for every hour of every day through the entire year, it is able 
to identify and quantify operational ECMs that on-site audits typically miss. 

Even with extensive data-logging or installation of supplemental metering 
equipment, on-site audits will still have difficulty identifying all the 

operational savings uncovered through FirstFuel’s 365 x 24 x 7 remote 

analytics-based audit. These operational opportunities are also typically 
easier, lower cost, and higher ROI to implement.   

A COMPARISON OF METHODS AND ASSUMPTIONS 

To illustrate the differences between the two methods consider one of 
the simpler buildings in the study, “Test Site 7.” This site is a small 

library, approximately 13,000 square feet in size. The basic building 
information obtained by both parties through the two different 

methods discussed previously is found in Table 17. 
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TABLE 17. EXAMPLE COMPARISON OF INFORMATION OBTAINED 

Building Attribute On-Site Audit Remote Audit 

Size 13,000 sq.ft. 13,380 sq.ft. 

Hours of Operation Sun-Tues Closed 

Wed 11AM to 8PM 

Thu-Sat 10AM to 6PM 

Sun-Tues Closed 

Wed 11AM to 8PM 

Thu-Sat 10AM to 6PM 

HVAC Three Rooftop Units, 16 to 30 

Tons of DX Cooling, 

VAV, no Return Fan 

Three Rooftop Units, 20 to 40 

Tons of DX Cooling, 

VAV, no Return Fan 

Heating Hot Water Boiler Hot Water Boiler 

Pumping Hot Water Pumps, VAV Hot Water Pumps, VAV 

Lighting Interior; T8, some CFL 

Exterior; HID 

Interior; T8 Higher LPD 

Exterior; HID, HPS, or MH 

Plug Load Not identified Moderate Computer Density 

In the on-site audit, operating hours were calculated using 11 hours of 

operation, four days per week totaling 44 hours per week for 52 
weeks. Power for each operational and non-operational hour was 

estimated by applying the metrics shown in Table 18 for each end-use. 
Unoccupied hours were estimated by taking a percentage of the power 

accrued to the occupied hours and adding exterior lighting. 
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TABLE 18. ESTIMATE OF SCHEDULED HOURLY ENERGY USE FOR TRADITIONAL MODEL 

End-Use or 

Basis 

Occupied  Unoccupied  Rationale 

Lighting 12.75 kW 1.70 kW Lighting power density of 1.1 W/sq-ft, 90% 

diversity, 10% of interior consumption during 

unoccupied hours, Exterior Lighting Based on 25% 

of interior lighting. 

Fans 11.83 kW 0.42 kW Three AC Fan, Exhaust Fans, Total of 25.5 HP. 60% 

load factor for AC fans, 70% for Exhaust Fans. 10% 

of consumption during unoccupied hours. 

Cooling  12.42 kW 0.44 kW Estimated Average Cooling of 23 kW, 55% of the 

year, 10% of consumption during unoccupied 

hours. 

Pumps 0.59 kW 0.02 kW One 1.5 HP hot water pump, 90% load factor, 10% 

of consumption during unoccupied. 

Plug load 8.35 kW 4.18 kW All unaccounted Energy. 66% during occupied, 

33% during unoccupied. 

Hours 2,288 6,472 11 hours per day, 4 days per week, 52 weeks per 

year. 

 

When graphed by hour of occurrence, these end-uses can be depicted 
as shown in Figure 1. 
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FIGURE 1. END-USE DISAGGREGATION OF OCCUPIED DAYS ESTIMATED VIA ON-SITE AUDIT ARE REPRESENTED IN GREEN. ORANGE AND 

BLUE LINES REPRESENT TRUE AVERAGE OCCUPIED DAYS DEMAND PROFILES BASED ON INTERVAL METER DATA. 

 

Using the traditional audit method, consumption is modeled to be 

consistent through each hour of operation (shown in green). To put 
this consumption model in context, the actual average electrical profile 

as determined from the interval meter data for Wednesdays and 
Thursdays through Saturdays is overlaid on this graph (orange and 

blue lines respectively). The library is closed for the remaining days of 
the week. The unoccupied hours are estimated based on the residual 

power.  

In contrast, the FirstFuel analysis was constructed by fitting 
intermediate values bounded by the maximum and minimum end-use 

consumption for both occupied and unoccupied periods under the 
curve created by the actual hour-by-hour consumption. Occupancy 

based end-uses like lighting, plug load, and base ventilation were 
allotted proportionally from the non-weather related loads as 

separated by the initial weather analysis. The cooling component, as 
well as variable volume ventilation and variable pumping components 
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were extracted hour by hour from the weather related consumption. 

Table 19 below shows the basis of this analytics-based approach and 
the associated rationale. 

TABLE 19. ESTIMATE OF MINIMUM AND MAXIMUM ENERGY USE BASED ON FIRSTFUEL’S REMOTE INVERSE MODEL 

End-Use or 

Basis 

Maximum  Minimum  Rationale 

Lighting 10.7 kW 0.7 kW ASHRAE 90.1-99 and 90.1-07 standards are used 

for interior and exterior lighting, respectively. 

Lighting generally varies between a maximum 

density during occupied hours and a minimum 

during unoccupied. Exterior is generally on when 

there is no longer daylight, based on weather 

data. 

Fans 5.5 kW 0.0 kW Estimated based on building area and cooling 

load. Minimum and maximum levels reflect the 

VAV range of operation.  

Cooling  N/A N/A Cooling related loads are determined for each 

hour by the weather model. 

Pumps 0.1 kW 0.0 kW Estimated based on building area and heating 

load. Minimum and maximum levels reflect the 

variable range of operation. 

Plug load 8.5 kW 1.4 kW The maximum power density is determined by 

typical loads for the building function. The 

minimum is generally a fraction of this. 

Misc 2.8 kW 0.5 kW The maximum power density is determined by 

typical loads for the building function. The 

minimum is generally a fraction of this. 

Hours N/A N/A Hours are driven by the hourly consumption. 

Periods of high consumption are considered 

occupied and low consumption unoccupied.  

Figure 2 and Figure 3 depict the FirstFuel demand breakdown for typical the 
load profiles given in Figure 1. These figures demonstrate the hourly, end-

use calibration in conjunction with the overall demand for each of the model 

periods. 
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FIGURE 2. FIRSTFUEL’S END-USE DISAGGREGATION OF AVERAGE THURSDAY THROUGH SATURDAY FOR TEST SITE 7. BLUE 

LINE REPRESENTS TRUE THURSDAY THROUGH SATURDAY AVERAGE DEMAND PROFILE BASED ON INTERVAL METER 

DATA. 
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FIGURE 3. FIRSTFUEL'S END USE DISAGGREGATION OF AVERAGE WEDNESDAY FOR TEST SITE 7. ORANGE LINE REPRESENTS 

TRUE WEDNESDAY AVERAGE DEMAND PROFILE BASED ON INTERVAL METER DATA. 

 

In FirstFuel’s interval and analytics-based approach, the hour by hour 
end-use disaggregation must balance end-use consumption with actual 

power used for each hour of the year. In this manner, the occupancy 
driven end-use variations are accounted for, which provides the 

remote analytics-based audit with clear advantages with respect to 
accuracy and specificity. This allows non-schedule based variations 

such as holidays and extended hours of operation to be captured in the 

final end-use breakdowns. 

It is apparent that both approaches provide useful methodologies for 

assessing the overall energy efficiency of a subject building and finding 
opportunities for energy savings. The end-use disaggregation 

developed through traditional on-site audit techniques provides insight 
into the facility's energy use breakdown on an annual level and can 

vary by as much as 25-30%, (see, e.g., Ian Shapiro, P.E. “10 Common 
Problems in Energy Audits,” ASHRAE Journal, Ian Shapiro, P.E., (Feb. 

2011)). As such, the end-use estimates are helpful to provide a 
directional indication for areas of further study in an ASHRAE Level 2 
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or 3 audit. These techniques are limited by time on-site and estimates 

used by engineers. 

In contrast, the methodology set forth in the analytics-enabled Rapid 

Building Assessment provides a much more granular view of the 
energy end-uses within the facility. End-uses are balanced across 

8,760 hours of the year as compared to the 12 data points used in the 
traditional on-site approach. Using interval data, the remote analytics-

enabled audit yields end-use estimates that are consistent with those 
generated by an on-site ASHRAE Level 2 audit. These estimates can 

then be used to identify energy efficiency opportunities with a high 
degree of accuracy.  

In addition, savings estimates developed using this approach typically 
yield more robust savings estimates that take into account the varied 

nature of a facilities operations. Lastly, through review of interval data, 
the FirstFuel approach will identify operational inefficiencies within a 

building that are typically not identified through a scoping audit. These 

opportunities are typically low/no cost energy conservation measures 
that facility staff can implement with little effort.  

COMPARISON OF IDENTIFIED SAVINGS 

The EEM estimates and FirstFuel recommendations are derived from 
the review of operating and occupancy schedules, weather analysis, 

monthly energy consumption, electricity demand profiles, and the end-
use breakdown of a building. A building’s end-use breakdown serves 

as an energy balance that can be calibrated against both electricity 
demand and annual (or monthly) electricity consumption. The 

occupancy and operating schedules derived from the interval data 
provide an indication of the facilities operating history over the entire 

1-year study period.  

Because the FirstFuel service does not have direct access to the 

energy systems located in a building, the ability to calibrate the 
division of end-uses relies on the isolation of weather related 

consumption from non-weather related consumption.  

The average difference between end-uses generated by the on-site 

audit estimates and the FirstFuel system were smallest for cooling, 

heating, misc. electric, plug load, and pumps – the average difference 
for those five categories ranged between less than 1% to 7% over the 

seven test sites. The lighting and ventilation categories resulted in 
larger differences at 15% and 16%, respectively, when comparing the 

initial FirstFuel results and the results developed from the on-site 
scoping audit. These discrepancies are generally believed to be the 
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result of differences in approaches used to develop end-use 

breakdowns (see Section above “A Comparision of Methods and 
Assumptions”). As previously described, the on-site survey approach 

may have a tendency to overestimate usage because calculations are 
calibrated against annual usage totals. Conversely, the RBA estimates 

are calibrated on an hourly basis against the true demand defined by 
the interval data. In total across all seven test sites, FirstFuel’s 

estimates for end-use breakdowns were within the on-site margin of 
error for 48 of 49 end-uses.   

A second point of comparison between the two approaches is the 
estimation of potential energy savings at each site. Overall, results 

from the traditional approach differed from the FirstFuel’s estimates by 
an average of 7%, which is considered to be within the bounds of 

uncertainty when taking into account the variance of the combined 
approaches.  

Table 20 shows the percentage of electrical savings of annual 

electricity consumption estimated by FirstFuel and estimated by the 
on-site audit for each test site. It should be noted that savings have 

been normalized as percentages of annual use because both sets of 
estimates used different annualized quantities. It is also recognized 

that on-site scoping audits entail estimates themselves and inherent 
limitations on precision. Because both approaches carry an inherent 

amount of uncertainty in their cited results, the average difference is 
considered to be well within an acceptable range. 
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TABLE 20. COMPARISON OF SAVINGS OPPORTUNITIES 

 

Table 21 shows the values used by each approach for annual usage 
that have been used to normalize the savings previously compared. 

The values used by both the on-site audit (RCx Annual Usage) and 
FirstFuel were provided by PG&E, along with the hourly interval data.   

TABLE 21. COMPARISON OF ANNUALIZED ENERGY USE 

  

A comparison of the peak demands for each test site reported by each 

approach is shown in Table 22. Peak demand values for test sites 3 

and 4 are the only buildings for which the reported values differ.   

Test Site 

No.

FirstFuel 

Savings 

FirstFuel 

Normalized 

Annual 

Savings

RCx 

Savings

RCx 

Normalized 

Annual 

Savings

Absolute 

Difference

Absolute 

Normalized 

Difference

kWh kWh kWh

1 86,934      11% 163,943       22% 77,009          11%

2 112,548    12% 82,908         9% 29,640          4%

3 862,494    11% 1,161,600    15% 299,106        4%

4 13,101      11% 20,300         16% 7,199            5%

5 300,133    27% 249,340       22% 50,793          5%

6 8,169        6% 34,330         27% 26,161          20%

7 9,889        7% 25,080         17% 15,191          10%

Test Site 

No.

FirstFuel 

Annual 

Usage

RCx 

Annual 

Usage

Absolute 

Difference

% 

Difference

kWh kWh kWh

1 791,467       759,965      31,502       -4%

2 918,233       969,042      50,809       5%

3 8,067,517    7,933,032   134,485     -2%

4 124,240       130,200      5,960         5%

5 1,123,981    1,138,603   14,622       1%

6 125,838       127,920      2,082         2%

7 145,960       148,880      2,920         2%
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TABLE 22. COMPARISON OF PEAK DEMAND 

 

TEST SITE 1 

Table 23 shows FirstFuel’s end-use breakdowns for electricity, the 
direction of difference between FirstFuel’s versus the on-site audits 

end-use breakdowns, and whether the difference is within the on-site 
audit’s margin of error. The differences for all seven end-uses are 

considered to be within an acceptable range in light of an inherent 
amount of uncertainty in both approaches. 

Savings estimates between the two approaches amount to 11% of 

annual electricity consumption; however, it is difficult to pinpoint the 
degree to which the end-use differences contributed to the overall 

discrepancy in the savings. Possible causes for the differences may be 
attributed to the following: 

 The building has separate schedules for different parts of the 
building and the FirstFuel system is not likely able to identify 

which systems serve which areas.  Because annual savings are 
calculated using annual run hours and are therefore affected by 

occupancy, the ventilation and lighting end-uses are different 
than those used by the on-site audit estimates. 

 FirstFuel indicates that “Currently available GIS imagery (via 
Bing) is not updated to show the completed building and 

grounds; however, other sources such as Google Maps were 
utilized to compile information contained herein.” 

Test Site 

No.

FirstFuel 

Peak 

Demand

RCx 

Peak 

Demand

Absolute 

Difference

% 

Difference

kW kW kW

1 404 404 0 0%

2 335 335 0 0%

3 1852 1956 104 5%

4 57 56 1 -2%

5 264 264 0 0%

6 65 65 0 0%

7 66 66 0 0%
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TABLE 23. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 1 

 

No changes were made to the FirstFuel analysis after results were 
presented to building staff. 

TEST SITE 2 

FirstFuel’s end-use breakdowns are shown Table 24, which also shows 

the direction of difference between the FirstFuel estimated end-use 
percentages and the on-site audit’s estimates as well as whether the 

difference is within the on-site audits margin of error. The differences 
for six of the seven end-uses are considered to be within an acceptable 

range in light of an inherent amount of uncertainty in both 
approaches. 

Because of the age of the building, the FirstFuel retrofit 
recommendation to evaluate existing lighting assets is in line with a 

lighting EEM from the RCx findings, which suggest replacing older 32W 
T8 fixtures with newer 28W T8. This recommendation demonstrates 

that the FirstFuel service is capable of making correct assumptions 
based on when the building was constructed and how much power is 

used in the building. 
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TABLE 24. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 2 

 

After the presentation to building staff, FirstFuel modified the analysis 

to incorporate more cooling in the building, which in turn, reduced the 
lighting end-use by approximately 4%. 

TEST SITE 3 

Table 25 shows FirstFuel’s end-use breakdowns, the direction of 

difference between FirstFuel versus the on-site audit and whether the 
difference is within the on-site audit’s margin of error. The differences 

for all seven end-uses are considered to be within an acceptable range 
in light of an inherent amount of uncertainty in both approaches. 

The on-site audit’s EEMs and FirstFuel recommendations differed by 
just 4%, which may be attributed to the similarity in the end-use 

breakdowns. 

Test Site 3 is the largest building in the sample and has a larger 

collection of publicly accessible information available on the World 
Wide Web.  The building houses city government facilities and has 

both a LEED certification and a well-documented lighting retrofit 
project. It may be assumed that the FirstFuel analysis improves with 

the amount of information that it can collect about a building. 



 

 49 

PG&E’s Emerging Technologies Program ET12PGE3341 

TABLE 25. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 3 

 

After the presentation to the customer, several assumptions and notes 

in the FirstFuel observations were modified/updated.  

 A note regarding the natural ventilation and tie-in of the 

ventilators to the operable windows was removed, as it was not 

included in the final construction of the building. This did not 
affect the overall analysis. 

 A note regarding the EnLighted product demo was modified to 
only include the single floor deployment and not the entire 

building. This did not affect the overall analysis. 

TEST SITE 4 

Estimated savings for Test Site 4 differed by 5%.  Similar to Test Site 

3, FirstFuel’s breakdown of end-uses are shown in Table 26 along with 
the direction of difference between FirstFuel versus the on-site audit 

and whether the difference is within the on-site audit’s margin of error. 
In light of an inherent amount of uncertainty in both approaches the 

differences for all seven end-uses are considered to be within an 
acceptable range. The results indicate that both disaggregation 

approaches are closely correlated and may have contributed to the 

similarity in savings estimates for electricity consumption. 

Test Site 4 has both a consistent operating schedule and clear GIS 

imagery showing key ventilation and cooling equipment on the roof. It 
may be concluded that the FirstFuel system has benefited from the 

availability of building data and the consistency of the building’s 
characteristics. 
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A small discrepancy in the overall end-use is the FirstFuel system’s 

attribution of 4% of the total demand to pumping. The on-site audit 
accounted for only a small pump, of fractional horsepower, used for 

domestic host water circulation. 

TABLE 26. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 4 

 

No changes were made to the FirstFuel analysis after the customer 

presentation. 

TEST SITE 5 

FirstFuel’s end-use estimates for Test Site 5 are shown in Table 27 as 
is the direction of difference between FirstFuel versus the on-site audit 

and whether the difference is within the on-site audit’s margin of error. 
Given the uncertainty inherent in both approaches, the differences for 

all seven end-uses are considered to be within an acceptable range. 

The savings estimates only differed by 5% for Test Site 5. Some issues 

were detected with FirstFuel’s initial results, however they were 
addressed through the customer webinar that is part of the FirstFuel 

process. The initial issues, which where subsequently addressed 
included: 

 Chillers located on the roof serve the ice rink next door and are 
not tied to the building’s electric meter. Through GIS imagery, 

FirstFuel initially incorrectly included the chillers in the building 

analysis.  

During the presentation of the analysis to the building staff 

FirstFuel was able to check this assumption and remove that 
assumption from the analysis.   
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 Parts of the building are closed to public on Mondays; however, 

they are still occupied by facility staff. FirstFuel initially 
recommended investigating the cooling loads on Mondays. This 

demonstrates that public building schedules often do not elicit 
the fact that the building may be occupied by facility or cleaning 

staff.  

 During the webinar presentation of the remote building audit to 

the facility operators, which is a key part of FirstFuel’s process, 
this assumption was checked by FirstFuel and as such, the 

recommendation was appropriately removed from the analysis.  

Other points of note for Test Site 5 include that the largest variation in 

end-use energy consumptions can be attributed to the lighting 
systems within the building. This is likely due to FirstFuel’s assumption 

that the lighting systems operate longer than necessary and that 
lighting power density in a museum is less than estimated.  

In addition, FirstFuel decided not include occupancy based controls 

because of the mission of the building. Additionally, if the lighting 
systems had a larger LED retrofit, occupancy controls would not save 

as much and would have a dramatically longer payback.  

FirstFuel also decided not to recommend HVAC setback (in contrast 

with the on-site audit which did). FirstFuel recognized the importance 
of maintaining unoccupied temperature and humidity levels in a 

museum. 

As a general practice, FirstFuel doesn’t typically include measures with 

a long payback. As such, replacement of chillers wouldn’t normally 
make the list of recommended ECMs (unless it was compelling).  
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TABLE 27. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 5 

 

After the presentation to the customer, FirstFuel made a note that the 

rooftop air-cooled chiller was not utilized by the Museum. The chiller is 
for the ice rink during the winter months. The consumption for the 

chiller is not included in the Museum’s electrical meter. This did not 
affect the overall analysis.  

TEST SITE 6 

FirstFuel’s end-use estimates for Test Site 6 are found in Table 28 
along with the direction of difference between FirstFuel versus the on-

site audit and whether the difference is within the on-site audit’s 

margin of error. The differences for all seven end-uses are considered 
to be within an acceptable range in light of an inherent amount of 

uncertainty in both approaches. The discrepancies between’s 
FirstFuel’s results and the on-site audits results stem from the 

following factors: 

 A majority of the RCx recommendations are very specific and not 

likely detectable by the FirstFuel system. Specifically, tuning of 
control loops and RCx opportunities are beyond the scope of 

measures typically recommended by FirstFuel. 

 FirstFuel included scheduling in analysis but did not include as a 

measure because staff is in the building before public hours, 
therefore a significant schedule change is not feasible. 

 The magnitude of the ventilation end-use identified by FirstFuel 
is much less than estimated from the on-site audit.  Therefore, 

the potential for savings was not deemed viable due to the 

seemingly low kW per square foot of ventilation end-use used by 
the FirstFuel system. 
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 The building is relatively new – remodeled in 2008 – and was 

constructed to LEED standards, according to FirstFuel 
observations. The presence of outdated or inefficient equipment, 

such as lighting fixtures and ballasts, is diminished with newer 
buildings which limit the availability of potential measures for 

FirstFuel to recommend. 

TABLE 28. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 6 

 

No changes were made to the FirstFuel analysis after the customer 

presentation. 

TEST SITE 7 

The end-use breakdowns identified by FirstFuel for Test Site 7 are 

shown in Table 29. The table also shows the direction of difference 
between FirstFuel versus the on-site audit and whether the difference 

is within the on-site audit’s margin of error. The differences for all 
seven end-uses are considered to be within an acceptable range in 

light of an inherent amount of uncertainty in both approaches. 

Notable observations of the FirstFuel results include: 

FirstFuel indicates that their preferred GIS imagery source is not 

up-to-date and that alternative sources were used.  
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TABLE 29. COMPARISON OF END-USE BREAKDOWNS: TEST SITE 7 

 

No changes were made to the FirstFuel analysis after the customer 

presentation. 

COMPARISON OF AUDIT DURATION AND COSTS 

All but one of the buildings required 3 hours for on-site auditing by a 

single engineer.  The larger 530,000 sq-ft building required 5 hours.  
Each RCx report took approximately 14 hours to produce.  A total of 

121 hours was required by the on-site audit approach to identify and 
document the findings.  

In contrast, analysis of the seven test sites by the FirstFuel system, 
took less than 40 hours work which breaks down to roughly 5.7 hours 

per site and was approximately 3 times faster than the on-site 
method.   

Pricing information for the FirstFuel service is not currently available 
for comparison to the costs associated with traditional on-site scoping 

services. However, it may be helpful to provide context for the 
traditional auditing approach, so as to provide a cost benchmark that 

may be used to evaluate prospective FirstFuel pricing. 

Table 30 shows rough cost estimates for ASHRAE Level 1 and Level 2 

audits based on building area. While costs may vary based on other 

factors, the discrete cost breakdown should provide workable 
estimates. 
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TABLE 30. COST ESTIMATES FOR ASHRAE TYPE AUDITS BY BUILDING AREA 

 

Table 31 shows the cost breakdown using both the ASHRAE Level 1 
and Level 2 pricing models provided in Table 30. Depending on the 

desired level of detail and level of effort, traditional on-site audits for 

all buildings would be expected to range from approximately $29,000 
to $80,000.  

TABLE 31. COSTING BREAKDOWN 

 

  

ASHRAE 

Level 1 

Audit

ASHRAE 

Level 2 

Audit

0 - 50,000 $3,500 $8,500

50,000 - 100,000 $4,250 $11,500

100,000 - 250,000 $5,250 $15,000

250,000 - 500,000 $6,000 $20,000

500,000 - 1,000,000 $7,200 $25,000

sq-ft

Gross Building Area

Test Site 

No.

RCx On-Site 

Scoping Audit 

Labor

RCx Report 

Generation 

Labor

Total RCx 

Hours

Total FirstFuel 

Hours

EstimatedT

otal Cost 

of AHRAE 

Level 1 

Audit

EstimatedT

otal Cost 

of AHRAE 

Level 2 

Audit

Etsimated 

Average 

Cost

Test Site 

Square 

Footage

Average 

Cost per 

sq-ft

hrs hrs hrs hours sq-ft $/sq-ft

1 3 14 17 11.4 $4,250 $11,500 $7,875 65,000 $0.12

2 3 14 17 11.4 $3,500 $8,500 $6,000 42,000 $0.14

3 5 14 19 11.4 $7,200 $25,000 $16,100 530,000 $0.03

4 3 14 17 11.4 $3,500 $8,500 $6,000 15,000 $0.40

5 3 14 17 11.4 $3,500 $8,500 $6,000 35,000 $0.17

6 3 14 17 11.4 $3,500 $8,500 $6,000 13,500 $0.44

7 3 14 17 11.4 $3,500 $8,500 $6,000 13,000 $0.46

Totals 23 98 121 80 $28,950 $79,000 $53,975
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LESSONS LEARNED 

Below is a summary of the lessons learned from the FirstFuel pilot. 
Additional detail is provided in the evaluation of each test site. 

 The approach and analysis used by the FirstFuel process is 

analogous with ASHRAE Level 2 audits; however, the 
recommendations lack some of the detail of the on-site audit and 

may be more in line with a Level 1 audit.  

FirstFuel representatives have indicated that a questionnaire can 

be filled out by the building operator to help FirstFuel 
supplement the lack of detail and allow for recommendations to 

be more detailed and approach the detail provided by an 
ASHRAE Level 2 audit. 

 Weather analysis is more complex than the average stationary or 
operations engineer may understand. Recommendations 

concerning weather effects on buildings may require further 
explanation for certain audiences.  

FirstFuel representatives indicate that weather analysis is 
typically presented to building operators by FirstFuel engineers 

who are able to tailor explanations of weather effects to different 

audiences. 

 Natural gas savings are not provided for any of the test sites.  

FirstFuel representatives indicate that their system supports 
natural gas analysis, but it was not demonstrated in this pilot 

due to the lack of availability of natural gas data. 

 No implementation costs are provided with recommendations.  

With the addition of an supplemental online survey, FirstFuel 
representatives indicate that cost estimates can be provided for 

recommended measures. 

 Identification of equipment is limited by quality of GIS imagery 

and and accuracy of building data in the public domain.  

When sufficient GIS imagery is not available, FirstFuel will utilize 

an online facility questionnaire which provides insight into 
installed equipment, etc.  

 Electric demand savings are not included for FirstFuel 

recommendations when demand reduction measures are cited as 
the basis for savings.  

FirstFuel staff has indicated that this feature will be available in a 
subsequent product release in approximately 6 months.  
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RECOMMENDATIONS 

It may be beneficial to conduct further assessments of the FirstFuel service 

at scale (>100 buildings). Such efforts could include the following:  

 Determine if the level of detail available in the findings produced by 

the traditional approach converge after further investigation of the 
FirstFuel recommendations. 

 Assess the time and cost savings provided by the FirstFuel service for 
a larger scale deployment – possibly targeting different building types, 

areas, and complexities of energy systems. 

 Future assessments could examine FirstFuel’s ability to identify 

electricity demand and natural gas savings opportunities. 

BENEFITS  

The FirstFuel Rapid Building Assesment provides a number of benefits 

as a tool for streamlining the scoping and measure identification 

process. Specific benefits include: 

 No site visits – reduces travel time and labor hours. 

 Results are consistently presented and reported, which improves 
overall credibility. 

 The analysis for a particular building can be completed in under 
6 hours. When compared to on-site approaches, this presents a 

substantial advantage at scale.  

 Overall, customer engagement is enhanced through the 

presentation of the remote building assessment. FirstFuel often 
brings to light operating conditions within facilities that might not 

be uncovered during a traditional on-site audit.  

 Recommendations and analysis are distributed digitally online. 

When FirstFuel adjusts recommendations or analysis, changes 
are reflected in the customer’s account almost instantaneously. 

 The FirstFuel system provides the customer with the ability to 

add additional EEMs as applicable and provides a platform for 
tracking energy savings. 

 The FirstFuel system currently uses a heuristic approach for 
determining energy end-use; as more buildings are analyzed, 

the system will incorporate case-based algorithms and leverage 
the collection of previously evaluated buildings. This feedback 
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loop will allow the service to continually improve its 

recommendations and require less human interaction to validate 
the results.  

 RCx program participants may find added value in the additional 
functionality allowed by the FirstFuel service after the initial 

scoping phase has been completed. Helpful features include the 
ability to establish whole building energy benchmarks and a 

platform to verify savings after EEMs have been implemented. 

 The FirstFuel analytics platform has demonstrated the ability to 

make assumptions based on the age of a building. This may be 
an invaluable asset for identifying energy cost savings 

opportunities that arise from updated buildings or energy codes 
or the recent availability of more efficient equipment. 

BARRIERS 

Factors limiting the application of the FirstFuel service into future pilot 
programs are as follows: 

 1 year of hourly interval data is required. Data may not be 
available for new buildings or buildings that do not have Smart 

Meters. 

 The process and agreements associated with sharing utility data 
with third parties services continues to improve; however, at 

scale, minor issues have the potential to undermine the cost 
effectiveness of an automated service such as FirstFuel. 

 Multi-building campuses that are served by a single utility meter 
may prove to be more difficult for the FirstFuel system to 

disaggregate and therefore produce reliable recommendations. 

SUMMARY 

A major benefit of the FirstFuel service is its ability to be deployed at 

scale and to produce consistent results that have been shown to 
correlate within a reasonable margin of error when compared to those 

obtained through traditional means. Energy efficiency programs that 
target market segments where manual, on-site scoping audits have 

been shown to be cost prohibitive, could benefit from the rapid, 
automated approach embodied in the FirstFuel service.  

The research results reported in this report provide benchmark 
comparisons for the quality of results and speed of the Rapid Building 

Assessment approach versus a traditional on-site scoping audit.  
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Further assessments of the Rapid Building Assessment approach 

across a broad portfolio of buildings could aim to validate the benefits 
and barriers cited in this report using a larger and more diverse 

sample size of buildings.  
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APPENDIX 

COMPARISON OF INITIAL FINDINGS 
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