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ABBREVIATIONS AND ACRONYMS 
 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning Engineers 

ASHRAE 
Standard 55 

Thermal Environmental Conditions for Human Occupancy 

DEG Davis Energy Group 

EER Energy Efficiency Ratio 

Ft2 Square feet 

HSPF Heating Seasonal Performance Factor 

HVAC Heating, Ventilating, and Air Conditioning 

kW Kilowatt 

kWh Kilowatt-hour 

LED Light Emitting Diode 

Modbus Addressed digital communications protocol 

PG&E Pacific Gas & Electric Company 

PV Photovoltaic 

RH Relative Humidity (%) 

RTU Roof Top Package unit (HVAC) 

SEER Seasonal Energy Efficiency Ratio 

ZNE Zero Net Energy 
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EXECUTIVE SUMMARY 
To validate energy savings estimates from computer modeling and other calculations 
completed by Point Energy Innovations and their consultant stōk, various end uses of the 
Newcastle Elementary School located in Newcastle, California were monitored over a 22-
month period between August 2016 and June 2018. A package of energy efficiency 
measures, including indoor and outdoor lamp replacements with LEDs, daylighting 
improvements, and HVAC replacements were installed between August 2016 and August 
2018. A PV system and a building energy management system were also installed and 
commissioned in June 2018. 

This report details monitoring, and analysis methods used for lighting, daylighting, and 
HVAC measures, and utilizes utility billing data to augment data gathered using direct 
measurement. Due to the lack of pre- and post- retrofit data, it was necessary to utilize the 
limited data available and apply assumptions to estimate energy savings, which were 
compared to modeled savings where possible. Energy impacts from such measures as 
package unit replacement, building sealing, exterior building lighting, and installation of a 
building energy management system could not be measured, preventing whole campus 
energy savings from being developed from monitoring results. Whole campus savings were 
instead compiled using utility bill data, which was also used as a secondary way to assess 
the impact of lighting and HVAC measures. 

A full-year comparison of pre- and post-retrofit energy use from utility bill data showed 
savings of 113,440 kWh or 49% when two months of PV production are included, and 
77,933 kWh (34%) when PV production and savings from daylighting were not included. 
Adding back in “measured” daylighting savings to the latter figure brings annual savings to 
86% of the projected whole campus energy savings from modeling of 98,100 kWh 
(excluding PV production). Some of this difference can be explained by thermostat settings 
that were higher in winter and lower than summer than those used in models, lower 
occupancy of modular classrooms than assumed, and reluctance of teaching staff to rely on 
daylighting when it was available (as was observed during walk-throughs).  

Individual measures that had the greatest impact were the classroom lighting retrofit (post- 
retrofit use of 15,601 kWh measured vs. 25,550 modeled) and the parking lot lighting 
retrofit (post- retrofit use of 3,584 kWh measured vs.7,693 kWh modeled). Modeled energy 
savings for parking lot lighting improvements were 38,150 kWh, and larger than the 
measured post-retrofit energy use. The “measured” energy savings determined from 
daylighting improvements was 6,146 kWh though there is a high level of uncertainty in this 
estimate. Projected daylighting savings from the ZNE Study Report were 14,908 kWh. A 
utility bill analysis of savings resulting from all lighting improvements yielded 48,910 kWh, 
which compares to 73,958 kWh from the ZNE Study Report.   

There are three main reasons why energy savings could be lower than expected: over-
optimism about performance of the energy measures, different occupant behavior than used 
in the model, and over-prediction of energy loads due to lower occupancy or building use 
than modeled. It is possible all three were at play. 

Annual post- retrofit energy use measured for the replacement BARD heat pumps was 9,476 
kWh. The expected energy savings for this measure of 3,100 kWh could not be confirmed 
due to the lack of pre-retrofit data. The utility bill analysis (limited to two months) showed 
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savings for all HVAC measures of 10,600 kWh, compared to projected savings of 7,200 
kWh. 

Challenges encountered by the monitoring team during this project included lack of baseline 
energy use data due to the completion of energy upgrades prior to the start of the 
monitoring project (including lighting and HVAC), removal and disposal of classroom 
monitoring equipment by construction crews, and failure of multiple classroom lighting 
sensors installed to detect light status and daylighting. 

INTRODUCTION  
This report describes the results of monitoring carried out to evaluate the impact of a 
variety of energy efficiency retrofits implemented at the Newcastle Elementary School. 
These improvements were supported by PG&E’s Prop 39 Zero Net Energy (ZNE) Schools 
Retrofit Pilot which augmented funding provided through California Proposition 39, the Clean 
Energy Jobs Act, and encouraged schools to strive to attain a ZNE goal. 

The Newcastle Elementary / Charter School District is in the foothills northeast of 
Sacramento, California. The school was built in the 1950’s and has undergone minor 
architectural modifications over time. Additional architectural improvements have been 
underway for at least the past two years. The campus includes a total of about 31,536 
square feet, including two permanent learning structures with 14 classrooms, six portable 
classrooms, and a multi-use building. The school year is July 1 to June 30, though students 
are present from mid-August through the first or second week of June.1 

An April 2016 report, the Newcastle Elementary School Zero Net Energy Study (hereafter 
“ZNE Study Report”) produced by Pointe Energy and stōk for PG&E developed energy 
savings estimates for three different packages of energy efficiency measures. Additional 
information on modeled energy savings was obtained from a draft Emerging Technology 
Coordinating Council report prepared by Resource Refocus and email communications.  

Of several energy efficiency measure packages evaluated, the school district adopted 
Package 1, which includes classroom and parking area lamp replacements, addition of 
daylighting features to classrooms, replacements of HVAC units serving the multi-use 
building and six modular classrooms, caulking and sealing, and the addition of a building 
energy management system (BMS), and a photovoltaic (PV) system. These improvements 
were completed incrementally between 2016 and 2018. 

Davis Energy Group was retained to monitor the various energy improvements. During the 
course of this project Davis Energy Group was acquired by Frontier Energy Inc., which 
explains references to Davis Energy Group, or “DEG” used in the report. As no natural gas 
efficiency measures were included in the energy upgrade package, monitoring was confined 
to electric end uses only. All energy units provided in this report are kilowatt-hours 
measured on a “site energy” basis. 

 

 
 
1 Janet Jabusch, Newcastle Elementary School District Fiscal Services, in 12/3/19 email 
communication. 



 

3 

PG&E’s Proposition 39 Zero Net Energy School Retrofit Pilot 

MEASUREMENT OBJECTIVES 
In its conception this monitoring project was to identify energy savings resulting from 
upgrades to lighting and HVAC measures using pre- and post- retrofit monitoring data to 
verify modeling results and cost-effectiveness calculations. Ideally, a year of data would be 
collected before any retrofits were to be carried out, and another year after work was 
completed.  

Due to a misalignment of the monitoring project start date and construction work, 
staggered implementation of measures, and the inadvertent removal and disposal of 
monitoring equipment that had been installed to collect baseline data during construction, 
these objectives could not be met as fully as anticipated. Optimal use was made of available 
data and savings were extrapolated from classrooms for which data was obtained to those 
where it was unavailable. Utility bill analysis was used to supplement data gathered by 
direct measurement and to identify whole-building energy use and savings. 

MEASURE IMPLEMENTATION AND MONITORING 
APPROACH 

RETROFIT SCHEDULE 
Table 1 lists the dates by which retrofits, equipment replacements, and other improvements 
were completed. The distributed nature of work prevented the opportunity to gather a full 
year of data prior to the changes and another year of data after all improvements were 
completed. However, the schedule did provide an opportunity to evaluate at the impact of 
individual measures using utility meter data. 

 

TABLE 1 - RETROFIT MEASURES AND COMPLETION SCHEDULE 

Energy Efficiency Measure Completion Date 
Replacement of classroom lights with LEDs  August 2016 
Parking lot lighting upgrade August 2016 
Multi-use building HVAC replacement October 2016 
Portable classroom HVAC replacement September 2016 
Solatubes in Classrooms 204 & 208 December 2017 
Photovoltaic system (based on start of NEM) June 2018 
Caulking and sealing to reduce HVAC loads July 2018 
Window paint removal & balance of Solatubes July 2018 
Energy management controls August 2018 
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INSTRUMENTATION PLAN 
This section summarizes the approach applied to gather the desired data. Further 
information is provided in  

Appendix C – Monitoring Plan.  

To avoid the need to string wire between the multiple sensors and data acquisition systems, 
this project utilized wireless sensor networks and gateways that were developed specifically 
for this project. Figure 21 provides a schematic view of how sensors conveyed data to the 
Davis Energy Group (DEG) server.  

 

FIGURE 1:  NETWORK DIAGRAM FOR DATA ACQUISITION SYSTEM 

RADIO TRANSMITTERS  

Wireless, battery powered transmitters were combined with sensors that included light-
state, light-level, temperature, and humidity. Data was transmitted as frequently as every 
minute. These were used to monitor the interior lights and the comfort levels in the 
classrooms. 

GATEWAYS 

The monitoring team developed a gateway that enabled data to be collected and stored on 
site and then pushed to servers through a Wi-Fi connection every 24 hours. This approach 
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minimized the potential for data loss. Data was collected from the wireless transmitters 
using a receiver and from Modbus instruments. The gateways were used to gather data 
from the following:  

• Interior lights – through a wireless receiver 

• Parking lot lights – through a Modbus connection from a power meter 

• Portable unit heat pumps – through a Modbus connection from a power meter 

POWER METERS 

Dent power meters and current transformers (CTs) were used to monitor HVAC and exterior 
light loads. These were installed on appropriate circuits in the service panels. 

SENSOR TYPES AND SPECIFICATIONS 

Table 2 lists the types of sensors used for the various monitoring points and their 
performance specifications. Sensor selection was based on functionality, accuracy, cost, 
reliability, and durability. Signal ranges for temperature sensors correspond approximately 
to listed spans. 

TABLE 2: GENERAL SENSOR SPECIFICATIONS. 

Type Application Mfg/Model Signal Span Accuracy 

Temperature/RH Indoor temp / 
RH 

Silicon Labs / 
Si7021 I2C 

-10 - 85°C ±0.4C 
0 – 80% +3%RH  

Light state Light on/off ROHM semicon. / 
BH1750FVI I2C 1-65k lx 20% 

Light level Light level for 
daylighting 

Texas Instruments / 
OPT3001 I2C 0.01 – 83k 

lx 5% 

Power meter Lights, HVAC Dent / Powerscout 
24, 3037 Modbus CT 

dependent 0.5% 

MONITORING IMPLEMENTATION  
In collaboration with the project team, energy efficiency measures were identified and 
methods for gathering data for evaluating energy savings and other impacts were 
developed. Monitoring was initiated on August 8, 2016 and continued until June 2018. All 
data relevant to determining energy use and savings was obtained from dedicated 
monitoring systems and utility bill data, though additional data including thermostat settings 
and system status was obtained from the building energy management system (BMS) that 
was installed with other retrofit measures. Sections that follow briefly describe the 
measures, the applied approach to monitoring, changes to planned monitoring methods, 
and difficulties encountered. 

DATA COLLECTION AND QUALITY CONTROL 
Raw data was automatically transferred to the DEG server and range checks were 
completed to identify defective sensors or channels, or unusual conditions. Email alerts were 
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used to automatically notify the project manager of any anomalies or any malfunctions that 
would require attention. Incoming data was reduced using Python scripts to align it on one-
minute time steps and to facilitate development of plots.  

To facilitate installation and contain costs, some of the data acquisition equipment for this 
project was prototypical and developed specifically for this use.  A consequence was that 
there were frequent issues with wireless transmission from light sensors. This resulted in 
missing data for some sensors in some classrooms. Data analysis techniques were 
conceived to circumvent these issues and to produce results of the highest possible quality. 

CLASSROOM LIGHTING, DAYLIGHTING, AND TEMPERATURE MONITORING 
Fluorescent light tubes in the classrooms were replaced with LED lamps without changing 
the luminaires. To improve daylighting, paint was removed from existing clerestory windows 
that had been painted over, and Solatubes were installed in classrooms 204 and 208 in 
December 2017, and later in other classrooms. 

Wireless sensors were installed facing upward to measure lighting status, as well as 
downward to estimate lighting intensity on desk surfaces. This configuration was designed 
to enable detection of lighting status, as well as to compare lighting levels when lights are 
switched off. Four wireless transmitter boxes were installed in each of the classrooms 100, 
101, 202, 203, 204, 208, 209, 210, 212, 300, 301, 302, and 303. One was located adjacent 
to the thermostat for measuring temperature and humidity, and the other three were 
attached to overhead light fixtures. The number of sensors installed were equal to the 
number of switch locations (usually three per room), and sensors were attached to 
representative lights. 

Gateways were also installed in rooms 100/101, 203, 204, 210, 300, 302, 501, 502, 503, 
and 504 to communicate data wirelessly to a server located in Davis Energy Group’s office. 
Lighting was not monitored in the portable classrooms.  

Unfortunately, construction crews removed and discarded the sensors and gateway hubs in 
June 2018, resulting in the loss of much of the post-retrofit data. In addition, the sensors 
used to determine light status produced noisy data for all but one of the rooms, resulting in 
uncertain results for lighting measures. However, the one room with adequate light state 
data was Room 204, which was one of two rooms that had the daylighting retrofit 
completed before monitoring equipment was removed. Thus, the pre-daylighting retrofit 
data available for Room 204 was used to estimate lighting savings due to lamp 
replacements, and the post-daylighting retrofit data was used to evaluate daylighting (as 
well as lighting control behavior) by comparing lighting operation for different segments of 
the day. 

Temperatures were monitored in the main classrooms as well as the portables. Comfort 
conditions are of greater interest in the portables where heat pumps were replaced with 
units that provided outside air ventilation. Monitored comfort conditions in the portables 
(including temperature and relative humidity) were plotted on psychrometric charts that 
include ASHRAE Standard 55 summer and winter comfort ranges (based on predicted mean 
vote data). 

PARKING LOT LIGHTING 
All existing parking lot lighting was replaced with LED fixtures. According to records, sixteen 
of the high-intensity discharge (HID) lamps at the lower lot and five quartz and HID lamps 
were replaced at the upper lot. Power meters were installed in electrical panels to measure 
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energy use of upper and lower parking lot lights, and gateways were installed to transmit 
data to the server wirelessly. Lighting upgrades were completed before power meters could 
be installed, eliminating the possibility of directly comparing pre- and post- retrofit energy 
use, but collected data can be used to validate modeled post- retrofit energy use 
assumptions for the parking lot lighting. 

HVAC REPLACEMENTS 
Replacements include the rooftop package unit serving the multi-use building and Bard heat 
pumps serving the six portable classrooms. Originally, the team planned to retrofit five out 
of the six portable classrooms first, leaving the 6th as a baseline. However, the school team 
opted to complete all 6 installations at once. According to John Burdette, an ABM Building 
Solutions representative, When the Bard units were replaced those classrooms became the 
envy of the school because the teachers couldn’t hear them running and the rooms were 
both comfortable and well ventilated. 

This equipment was replaced close to the time that power monitors were commissioned, 
leaving no baseline data for evaluating efficiency improvements and energy savings. Power 
for the multi-use building rooftop package unit (RTU) which was also replaced was not 
planned to be monitored. Modeling assumptions for the Bard units included an EER of 8.7 
for the existing units and 14.5 for the replacements. No data could be located on modeling 
assumptions for the RTU. Billing data for the entire campus provided some indication of the 
energy savings impact from the combined HVAC replacements. 

END USES NOT MONITORED 
The monitoring system was designed to capture as much of the impact of improvements as 
was feasible. Strategies employed for each measure are described below. 
The following end uses and measures were not directly monitored for logistical and cost 
reasons: 
 

• Reductions in the energy use for all HVAC systems due to lighting changes were not 
measured because of the lack of baseline (pre-retrofit) data. Resulting savings are 
captured in utility bill data. 

• PV system energy production was not be measured. At the time monitoring systems 
were installed it was not known to which panel the inverter would be connected 
(There are two panels). The impact of PV production is included in the utility bill 
analysis. 

• To conserve monitoring costs, lighting monitoring included only a subset of 
representative fixtures and did not include building exterior lighting (except parking 
area lighting). 

• Savings resulting from caulking and weatherstripping impact HVAC energy use, and 
savings for both are reflected in the campus-wide utility bills.  
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EVALUATION METHODS 
This section describes how measurement data were used to estimate energy use and 
savings. Analysis for each measure was structured to provide data that can be compared to 
modeling assumptions. 

INDOOR LIGHTING REPLACEMENTS 
The monitoring plan anticipated that lighting schedules from a teacher survey combined 
with known lighting power before and after lamp change-outs could be used to calculate 
energy savings. Ten teachers were surveyed in an effort to determine the length of time 
lights were used in classrooms. Table 3 lists survey results from each teacher identified by 
the classroom he/she occupied in September 2016. The results show a reasonable amount 
of diversity in habits, making it challenging to select representative schedules for modeling 
lighting energy use. Further, the survey did not identify evening and nighttime janitorial 
activity. A primary impediment to this method was that lighting retrofits were completed 
before monitoring systems were commissioned. 

TABLE 3: CLASSROOM LIGHTING USE SURVEY RESULTS 

On a typical day, when are the lights 
turned on? 

6:00 AM to 6:59 AM 100, 208, 209, 210, 301, 302 
7:00:00 AM - 7:59 AM 203, 212, 303 

On a typical day, when are the lights 
turned off? 

3:00 PM to 3:59 PM 100, 212 
4:00 PM to 4:59 PM 208, 209, 301, 303 
5:00 PM to 5:59 PM 210, 302 

After 6:00 PM 203 

Are the lights on when you arrive in the 
morning? 

Never 301 
Sometimes 212, 303 

Always 100, 203, 208, 209, 210, 302 

How long are lights turned off during 
lunch? 

Not turned off 210, 302, 303 
30 minutes 100, 203, 208, 209, 212,  
45 minutes 301 

How many hours per week are all lights 
turned off due to daylighting or other 
reasons? 

0 208, 209, 303 
1-4 100, 203, 210, 302 

More than 4 212 

How many hours per week are some but 
not all of the lights turned off? 

0 208 
1 -4 209, 301, 302 
5-8 100, 301 

8-12 210 
More than 16 203, 303 

Approximately how many hours are 
lights used during weekends or 
holidays? 

0 203, 301 
1-8 100, 301 

17-24 210 
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25-32 208, 209 

 

The method to determine energy use and savings instead was to multiply measured post- 
retrofit hours of lighting use (based on lighting sensors) in each of the classrooms by their 
respective pre-retrofit and post- retrofit installed lighting loads. An example of a typical 
lighting schedule for a week in March in shown in Figure 2. 

 

 

FIGURE 2:  TYPICAL WEEKLY LIGHTING  USE – ROOM 204 

 

In order to eliminate the impact of daylighting, the data used to develop the lighting 
schedules were obtained from December 2016 through November 2017, before Solatubes 
were installed or any other daylighting improvements were completed. Additional detail on 
the method is provided below. 

To accurately assess the savings accrued from upgrading the lights, an algorithm was 
developed to determine the periods when the lights were on vs. off. This utilized the light 
state sensor, an empirically developed threshold for when the lights were on, and methods 
to turn variables into constant rate data. Light state and light level were plotted over time 
for each of the three light data collection systems in each classroom. This data was visually 
reviewed to determine which of the light state sensors in each of the classrooms were 
capturing reasonable data, and over what period. However, it was found that most of the 
light sensors were not working consistently and many sensors would regularly drop out for 
periods of time resulting in inaccurate results. To remedy this problem, all the light sensors 
for each room were averaged together to provide consistent data for each monitored light. 
This strategy assumes that all the lights in each room were all turned on together and 
ignores how teachers may have actually controlled the lights. This approach still showed 
noisy data for all the classrooms except for Room 204. Therefore, the lighting time 
schedules for each room used the monitored lighting schedule of Room 204 as the schedule 
for all classrooms. 

Once the hourly durations of light use were determined, they were multiplied by the power 
rating for the pre- and post-retrofit lamps used. The aggregate power rating of each of the 
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three luminaires varied, making it necessary to multiply hours of operation by power rating 
in a disaggregated fashion. 

DAYLIGHTING 
To determine the savings accrued from daylighting, it was anticipated that light sensors 
would be used to detect daylighting levels even when LED fixtures were on. This however 
was not possible to discern because lighting from the fixtures masked lighting contributed 
by daylighting. In addition, only room 204 could be used to evaluate the energy savings 
from daylighting using post- retrofit data. This room was the only room upgraded with 
Solatubes in December 2017 with reasonable data captured by the light state sensor. All the 
other rooms were either upgraded six months later in June 2018 or had faulty light state 
sensors. However, only five months of data could be analyzed for Room 204 due to the 
construction crew disposing of the monitoring equipment in all the rooms when they 
performed the rest of the daylighting upgrades. Table 4 lists daylighting upgrades made to 
each of the classrooms. 

TABLE 4:  DAYLIGHTING IMPROVEMENTS APPLIED 

Daylighting Improvement Affected Rooms 
Installed two Solatubes 204, 207 (library), 208, 304* 
Installed four Solatubes 202, 210 
Removed paint from clerestories 100, 101, 202, 203, 204, 207, 208, 209, 210, 212, 300, 301, 302, 

303, 304* 
Removed light shelf structures  100, 101, 203, 209, 300, 301 

*According to electrical plans Room 304 was not included in lighting retrofits. 

 

Utilizing the limited amount of available data, daylighting energy savings for Room 204 was 
calculated by comparing the same five full months of data for the pre- and post-daylighting 
retrofit periods. To perform this analysis, the algorithm developed to asses classroom 
lighting use was used to determine the frequency of light use for both periods. The 
difference in frequency could then be related to savings accrued from daylighting. 

PARKING LOT LIGHTING 
Due to the lack of pre-retrofit data, it was only possible to report post- retrofit energy use. 
This usage can be compared to energy use assumptions completed for the ZNE Study. 
Energy savings for outdoor lighting along with other measures were also aggregated in the 
compiled utility meter data. 

PORTABLE CLASSROOM HVAC SYSTEM REPLACEMENT 
The monitoring plan presumed that heat pumps on five of the six portables would be 
replaced, leaving the sixth one to provide an energy use baseline. Specifications in the ZNE 
Study Report indicate that EER 8.7 heat pumps were replaced with units having an EER of 
14.5.  
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Apparently, the desire to provide uniform comfort, indoor air quality, and quieter operation 
for all of the portable classrooms prompted the replacement of the sixth unit. Given that 
heat pumps were replaced before monitoring equipment was installed, no baseline data is 
available with which to calculate energy savings. Also, for unknown reasons only four of the 
power meters reported data, which was for Rooms 501, 502, 503, and 504. Measured 
energy use for these units can be used to provide a check on modeled energy use, but 
modeling must be relied upon to estimate baseline use and energy savings.  

Over the timeframe used for this analysis (September 2016 to August 2017) there were 
substantial gaps in the data from both the heat pump power monitors and in BMS data that 
suggest that not all of the modular classrooms were continuously occupied. The method 
used for estimating annual energy use with full occupancy is provided in the Results section. 

The energy saving contribution from the heat pumps combined with the multi-use building 
RTU replacement is also reflected in utility bill savings calculations. 

UTILITY BILL ANALYSIS 
Utility bills were obtained from the school district covering the period from July 2015 
through December 20182. Intervals of this data were compared to estimate savings 
resulting from individual improvements to lighting (parking lot and classrooms), HVAC 
(multi-use and portable unit replacements), and the photovoltaic installation. Pre- and post- 
retrofit energy use was also compared for the entire building.  

To isolate the impact of HVAC and PV improvements from other improvements it was 
necessary to only compare two months of data. In all cases the months compared were 
aligned to minimize occupancy and climate impacts. Since outdoor temperature was not 
measured, no effort was made to normalize HVAC energy use. The school has been 
occupied through the summers of 2017, 2018, and 2019 due to construction activity, which 
would likely have increased energy use compared to the pre-retrofit baseline. 

TEMPERATURE AND HUMIDITY MEASUREMENT 
Particularly in the case of the modular classroom HVAC replacements, it is important to 
qualify energy use and savings with temperature and relative humidity data. Temperature 
and humidity were plotted on psychrometric charts with summer and winter acceptable 
comfort ranges shown in accordance with ASHRAE Standard 55. Since monitoring was 
initiated after units were replaced, no pre-retrofit comfort data is available.  

 

  

 
 
2 Billing data was obtained for meter numbers 1008821354 and 1003868747. It was not 
determined which buildings are served by these meters and energy use was combined. 
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RESULTS  
This section provides observations and results of monitoring and data analysis, as well as 
comparisons to modeled energy savings described in the ZNE Energy Study.  

INDOOR LIGHTING REPLACEMENTS AND DAYLIGHTING 
Figure 3 plots data from light sensors in classroom 204 on May 16, 2018.  The upper “light 
state” line plots status based on readings from the upward-facing sensor, while the lower 
“light level” line plots the input from the down-facing sensor. The light state line shows 
lighting turned off after about 9 AM, then briefly on during the noon hour, then off during 
the afternoon and on in the evening, probably during custodial work. In this case it appears 
there was a strong reliance on daylighting. 

 

. 

FIGURE 3: CLASSROOM LIGHT USE AND DAYLIGHTING EFFECT - ROOM 204 

 

Figure 4 shows a similar plot for classroom 208 on May 9, 2018. This plot suggests there 
was frequent on/off operation of lighting throughout the day, though it was likely a result of 
low sensor sensitivity or sensor failure. Though the light level line indicates there was ample 
daylighting, there was no apparent correlation between daylighting and use of the LED 
lighting.  
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FIGURE 4:  CLASSROOM LIGHT USE AND DAYLIGHTING EFFECT - ROOM 208 

 

CLASSROOM LIGHTING ENERGY SAVINGS 
It was estimated that all fluorescent tube lamps were replaced with LEDs by August 2016. 
Table 5 lists annual energy use and savings calculated from lighting loads and annual hours 
of use for the thirteen classrooms in which light sensors were installed (excludes Rm. 207 – 
Library and Rm. 304). Since light sensor data proved to be inconsistent for all but room 
204, the lighting schedule for that room was applied to specified lighting loads to estimate 
pre- and post- retrofit energy use for all thirteen rooms. Survey results were not used to 
determine lighting use schedules because they did not include lighting use by custodians 
and available data did not agree with the survey.  

Except for rooms 204 and 208 which were equipped with Solatubes in December of 2017, 
all other daylighting improvements were completed in 2018. Any daylighting that may have 
offset electricity use would have been a result of natural light from existing windows.  

 

TABLE 5:  LED REPLACEMENT SAVINGS 

Total Annual Savings 

Pre-Retrofit Post- retrofit Energy Savings 

32,420 kWh  16,819 kWh  15,601 kWh   

 

Modeling results predicted savings of 20,900 kWh per year for lamp replacements only 
(adjusted for daylighting). Figure 5 illustrates the savings for Room 204 that were 
extrapolated to all classrooms over this timeframe. As shown, replacing LEDs with 
fluorescents conserved a considerable amount of energy. 
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FIGURE 5: LED LIGHTING RETROFIT IMPACT FOR ROOM 204 

DAYLIGHTING SAVINGS 
The Solatube retrofits for Rooms 204 and 208 took place during Christmas break in 2017, 
which provided five full months of post- retrofit data to analyze. The dates used for the 
analysis were January 1, 2017 to May 31, 2017 (pre-retrofit) and January 1, 2018 to May 
31, 2018 (post- retrofit). Results are provided in Table 6. 

 

TABLE 6:  ESTIMATED DAYLIGHTING RETROFIT SAVINGS – ROOM 204 

Daylighting Retrofit Total Savings – 5 months 

Pre-Retrofit (2017) Post- retrofit (2018) Energy Savings 

695 kWh 498 kWh 197 kWh 

 

Since the school is effectively in use twelve months of the year, annual savings were 
extrapolated from the five months of data from Room 204 to all thirteen permanent 
classrooms by multiplying Table 6 savings by 12/5 and by thirteen, which results in 
estimated savings of 6,146 kWh. This approach assumes that daylighting improvements in 
all classrooms are as effective as are the Solatubes in offsetting LED lighting use. Solatubes 
were installed in six of the classrooms (see Table 4). This finding compares to savings 
projected in the ZNE Study Report of 14,908 kWh 

Figure 6 illustrates the savings accrued from the daylighting retrofit for the five months of 
complete data for Room 204. The Pre-Retrofit Lighting Energy 2017 data is the energy 
spent from just LED lighting one year prior to the retrofit. (i.e. January 2017 – May 2017) 
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FIGURE 6:  DAYLIGHTING ENERGY SAVINGS – ROOM 204 

 

PARKING LOT LIGHTING SAVINGS 
No pre-retrofit data is available, but the monitoring team measured usage of 2,998 kWh for 
the year beginning January 2017 (2412 kWh for the upper parking area and 586 kWh for 
the lower lot), or a total of 3,584 kWh for both lots. Power measurements show that lighting 
was apparently shut off for periods of time, particularly in the lower lot, which would have 
the effect of reducing energy savings.  

An email communication from stōk listed the pre-retrofit lighting load as 10.5 kW and 
annual energy use as 45,842 kWh, with an assumed reduction to 2.5 kW and 7,693 kWh/yr 
(including reduced use due to motion sensors). The ZNE Study Report estimated savings at 
38,159 kWh per year for all exterior lighting (including buildings), more than ten times the 
measured usage for the parking areas. 

Lower and upper parking lot lights were usually on at a consistent schedule. Figure 7 and 
Figure 8 represents a common time frame that the lights were on during a winter month. 
The lower parking lot lights were usually on between 7:00 PM and 6:00 AM and the upper 
parking lights were on between 7:00 PM and 5:30 AM. During a winter month the lights 
were on for a longer duration (5:00 PM to 7:00 AM). It was anticipated that the parking lots 
might be motion sensitive to prevent unnecessary lighting, however this was not observed 
in the data. Table 7 verifies this finding for the night of the Winter Solstice; the parking lots 
are lit all night and appear to be only controlled by a photosensor.  
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FIGURE 7:  UPPER PARKING LOT LIGHTS POWER CONSUMPTION  

 

 
 

FIGURE 8: LOWER PARKING LIGHTS POWER CONSUMPTION 

 

TABLE 7: HOURS OF SEASONAL OPERATION – PARKING LOT LIGHTS 

 Winter Solstice (12/21/2017) Summer Solstice (6/20/2017) 

Hours of Night 14 hours 34 minutes 9 hours 6 minutes 

Lower Parking Lot 14 hours 55 minutes 13 hours 40 minutes 

Upper Parking Lot 14 hours 50 minutes 9 hours 30 minutes 
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BARD HEAT PUMP REPLACEMENT SAVINGS 
Monitored heat pump energy use and data from the BMS show no energy use for some 
classrooms, probably due to lack of occupancy. Periods of missing data are listed in Table 8.  

TABLE 8: MISSING HVAC DATA 

 No data for months: 
Room 502 12/16 to 2/17 and 7/17 

Room 503 7/17 and 8/17 to 9/18 

 

Energy use for those systems without missing data were averaged and used to fill those 
periods where data was lacking so that a full year of energy use for all four classrooms with 
full occupancy could be presented. Energy use values in Table 9 assume full occupancy and 
still show significant variance which cannot be explained from the available data. 

 

TABLE 9: POST- RETROFIT ENERGY USE OF BARD HEAT PUMPS, SEPTEMBER 2016 TO AUGUST 2017 

Room 501 Room 502 Room 503 Room 504 Total 
2,776 kWh 1,966 kWh 1,784 kWh 2,951 kWh 9,476 kWh 

 

The ZNE Study Report only provides energy savings, not energy use, and lists annual heat 
pump savings of 3,100 kWh for all portable classrooms, not an unreasonable amount given 
the significant improvement in efficiency (from 8.7 to 14.5 EER). 

Figure 9 and Figure 10 plot indoor temperature and relative humidity data points overlaid on 
a psychrometric chart. The pink and blue shaded areas represent winter (heating season) 
and summer (cooling season) acceptable ranges of temperature and humidity respectively, 
as defined by ASHRAE Standard 553. The periods covered by the plots include Sept. 22, 
2016 to March 20, 2017 for heating and May 1, 2017 to June 5, 2017 for cooling. 

At least for Room 503, thermostat settings appear to have held summer temperatures 
considerably lower than the acceptable comfort level. There were many incidences of winter 
indoor temperatures being in the uncomfortably cool range, but the room was probably not 
occupied during those occurrences. Additional information on differences between modeled 
thermostat setpoints and measured temperatures are provided in Table 13 and Figure 12 
(for Room 504). 

 
 
3 Standard 55 uses “operative temperature” instead of indoor dry bulb temperature where 
operative temperature is an average of the indoor air and mean radiant surface temperature. 
Only air temperature was measured in this case and was used as a proxy. 
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FIGURE 9:  THERMAL COMFORT RANGES FOR ROOM 503 DURING THE COOLING SEASON 

 
 

 

FIGURE 10: THERMAL COMFORT RANGES FOR ROOM 503 DURING THE HEATING SEASON 

 

UTILITY BILL ANALYSIS RESULTS 
Table 10 lists annual electrical energy use from utility bills leading up to the energy 
improvements which were partially completed in 2017 and fully implemented in 2018. The 
utility bill analysis of savings resulting from all lighting improvements yielded 48,910 kWh, 
whereas the ZNE Study Report estimated savings of 73,958 kWh.  
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TABLE 10:  ANNUAL ELECTRIC ENERGY USE FOR COMBINED METERS FROM UTILITY BILLS  

 

 

 

 

 

 

 

 

 

Table 11 lists the billing periods used to compare pre- and post- retrofit energy use and 
daily kWh savings for the two periods. To isolate the impact of HVAC and PV improvements 
from other improvements it was necessary to only compare two months of data for those 
measures. To facilitate comparisons, energy savings for the utility billing periods were 
divided by the number of days in each period. Factors such as occupancy and weather 
introduce errors in this method of analysis.  

TABLE 11:  DAILY ENERGY SAVINGS ESTIMATES FOR RETROFIT MEASURES FROM UTILITY BILL DATA 

Measure Pre-retrofit 
Period Post- retrofit Period 

Savings, 

kWh/day 

Lighting retrofits (Bldgs. A, B, C, 
Multi-purpose, and parking lot) 

Oct 2015-Aug 2016  Oct 2016-Aug 2017 134 

HVAC replacements (portables and 
Multi-Purpose) 

Aug-Sept 2016 Aug -Sept 2017 9 

PV installation  June-July 2017   June-July 2018  582 

Whole building analysis Aug 2015-July 2016 Aug 2017-July 2018 324 

 

Figure 11 plots energy use for the entire period from July 2015 through December 2018. 
Generation from the PV system first appeared in the PG&E statement covering June 6 – July 
7, 2018.  

Using the baseline electric usage averaged over 2014, 2015, and 2016 of 190,590 kWh, 
energy savings in 2018 were 113,440 kWh, or 49%, including contributions from the PV 
system which was first operational in June 2018. Excluding PV generation energy savings 
were 77,934 kWh or 34%. The latter value compares to 98,100 kWh from the ZNE Study 
Report. 

 

Year Total Electric Use, kWh 

2014 200,003 

2015 167,786 

2016 203,983 

2017 166,705 

2018 72,497 
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FIGURE 11:  MONTHLY TOTAL ENERGY USE COMPILED FROM UTILITY BILLS 

Table 12 compares KWh measured energy use from the billing data to modeled energy use 
for the entire campus. Baseline results from the billing data cover from August 2015 
through August 2016, and post- retrofit results are from August 2017 through August 2018 
(except as noted). The measured results were not adjusted to account for differences in 
indoor-outdoor temperatures, solar effects, or occupancy differences between the two time 
periods. The modeled results are based on Package 1A, which includes energy offsets from 
the 96 kW PV system. 

Since the PV system was commissioned in June 2018, to eliminate its impact on metered 
data due to PV, data from June 2017 to May 2018 was used to represent post- retrofit 
energy use without PV, but this also avoided the inclusion of savings resulting from 
daylighting improvements completed in July 2018.  

 

TABLE 12: COMPARISON OF ANNUAL MODELED AND MEASURED ENERGY USE FROM UTILITY DATA – ALL MEASURES (KWH) 
 

Data Source 
Baseline 

Use 
Post- 

retrofit 
Measured 

Savings 
Measured 
Savings % 

PV 
Production 

Total kWh 
Reduction 

Modeled, ZNE Study 
Report* 212,700 114,600 98,100 46% 147,677 242,677 
Measured from 
Utility Bills** 231,894 118,454 113,440 49% n/a 113,440 
Measured from 
Utility Bills*** 231,894 153,961 77,933 34% n/a n/a 

    * Using 2014 baseline from report 

   ** Includes 2 months of PV generation and all daylighting improvements 

***Excludes PV and daylighting improvements completed in July 2018; post-retrofit 
usage from June 2017 to May 2018. 
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MODELING ASSUMPTIONS FOR HVAC COMPARED TO 
MEASURED CONDITIONS 

Measured setpoints were found to vary from the modeling assumptions used in the ZNE 
Energy Study that are listed in Table 13. Heating setpoints varied from the high 60’s to the 
low 70’s. For example, values for Room 208 were representative of behavior in most 
classrooms with spikes at 67.5, 69.5, and 71.5. This is higher than the assumption that the 
heating would generally be set at 65.  

TABLE 13:  TEMPERATURE SETPOINT ASSUMPTIONS USED IN MODEL 

Time Period Heating Cooling 

M-F (7 AM - 8 AM) 63 87 

M-F (8 AM - 3 PM) 65 75 

M-F (3 PM - 4 PM) 63 87 

M-F (4 PM – 5 PM) 55 95 

Weekend + Holiday 55 95 

 

Figure 12 illustrates temperature setpoints for a typical classroom obtained from BMS data. 
Actual temperature settings differed from the modeling assumptions, with summer settings 
both lower and higher than modeled and winter settings uniformly higher than the 65°F 
assumed.  In addition, the temperatures were held more constant throughout the day than 
assumed by the model. The impact of these differences would likely be overprediction of 
energy savings by the model.  

 

 

FIGURE 12: ROOM 504 THERMOSTAT SETPOINTS 
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CONCLUSIONS 
ENERGY SAVINGS FROM MEASUREMENTS AND MODELING 

The lack of a full year of pre- and post- retrofit data and the complete lack of pre-retrofit 
monitoring data for lighting and HVAC replacements prevented a comprehensive analysis of 
energy savings compared to modeled energy use and savings. Utility meter data provided a 
useful summary of overall building energy savings with some indication of savings from 
specific measures due to their staggered implementation but provided an incomplete record 
of contributions from the PV system.  

Measurement of parking lot lighting energy use was initiated after LED replacements were 
installed so savings could not be not tabulated. Available reports on modeling do not include 
post- retrofit energy use assumptions for comparison to the measured 3,584 kWh annual 
use. According to a stōk communication, post- retrofit energy use was estimated at 7,693 
kWh/year including reductions from motion sensors (not listed in Package 1 measures). 
Close inspection shows intermittent operation of parking area lights, especially in the lower 
lot, could explain the difference.  

Based on schedules of classroom light use informed by monitored light levels and connected 
pre- and post- retrofit lamp power, annual savings from the replacement of fluorescent with 
LED lamps was estimated at 48%. Reliable daylighting energy savings was only available for 
one of the classrooms, and 28% savings were estimated using 5 months of post- retrofit 
data. Measured classroom lighting schedules did not correlate well with schedules reported 
in teacher surveys. 

Daylighting energy savings for individual classrooms will depend on the level of daylighting 
provided (clerestories with or without Solatubes), teacher and custodian behavior, and 
weather conditions. Lighting sensors used to monitor light levels and status were only able 
to detect a noticeable correlation between use of switched lighting and daylighting 
availability in one classroom. 

As was the case with the LED lamp replacements, the BARD HVAC units in the modular 
classrooms were replaced before monitoring was installed. An original BARD unit was 
supposed to be retained in one classroom to establish baseline performance, but it was 
replaced at the same time as the others. Energy use was logged for the new units (see 
Table 9). Modeled energy use data for the new units could not be found. 

Through utility bill analysis it was possible to break out the impact of certain energy 
improvements that could be observed by comparing the same months for different years. 
These included all lighting retrofits (10 months of data), HVAC replacements (two months of 
data), and PV generation (two months of data). Daily kWh savings are reported in Table 11, 
which also shows daily savings of 324 kWh using one year of pre-retrofit and one year of 
post- retrofit data, including two months of PV generation. These results capture savings 
from measures that could not be directly measured, such as building caulking and sealing.  

Overall energy savings estimates from modeling varied slightly between the two sources 
used (42% vs. 49%). When two months of PV production (June and July 2018) were 
included in annual utility bill comparisons, 49% savings were calculated. When these two 
months were excluded, energy savings from the efficiency measures dropped to 34% (see 
Table 12). Continuing analysis of utility bills would be valuable for identifying the full-year 
impact of energy efficiency measures and solar production. If the PV inverter logs energy 
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production as most do, then it will be possible to isolate savings resulting from the efficiency 
measures in billing data. 

LESSONS LEARNED 
Future M&V projects would benefit from what was learned in the process of monitoring the 
Newcastle school site. For future projects it is recommended that sufficient resources and 
planning be applied to do the following: 

• Pre-monitor loads for a full year to provide an accurate baseline  
• Provide for measurement of all exterior lights in addition to parking lot lights 
• Provide for power measurement of all interior lights at sub-panels 
• Measure solar production to enable reporting of net and gross energy consumption  
• Install systems and/or implement training to improve substitution of daylighting for 

electric light use and utilize light sensors mounted at desk level where possible   

REFERENCES 
The following sources were used to obtain modeled energy use and savings estimates, dates 
that retrofit measures were completed, and other information pertinent to this report. 

1. Newcastle Elementary School Zero Net Energy Study. Point Energy Innovations. 
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2. Zero Net Energy Pilot for Local Educational Agencies and Community Colleges. 
Resource Refocus LLC. December 2019. (Referenced as “ZNE Pilot”) 

3. Email communication with Will Gorrissen, stōk, March 13, 2018. 

4. Internal emails from prior project managers (Daniel Stewart and Brian Lima) that 
conveyed communications with school facilities staff. 
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APPENDIX A – SCHEDULES FOR LIGHTING MONITORING 
TABLE 14: REPORTED RETROFIT DATES 

Retrofit Date of Retrofit Affected Rooms 
Installed Improved Parking Lot 
Lighting and Upgrades 

August 2016 Upper and Lower Parking Lots 

Installed the BMS August 2016 Whole School 
LED Lights August 2016 100, 101, 202, 203, 204, 208, 209, 210, 212, 300, 301, 

302, 303 
HVAC Retrofit September 2016 501, 502, 503, 504 
Installed PV December 2017 Whole School 
Installed Solatubes December 2017 204, 208 
Installed Solatubes June 2018 202, 210 

Removed paint from 
clerestories 

June 2018 100, 101, 202, 203, 204, 207, 208, 209, 210, 212, 
300, 301, 302, 303 

Removed light shelf structures  June 2018 100, 101, 203, 209, 300, 301 

 

TABLE 15: MONITORING DATES 

Monitoring Equipment Start and End Dates 
Room Lighting/Temp Temperature HVAC BMS 

 Start Date End Date Start Date End Date Start Date End Date Start Date End Date 

100 8/10/16 4/30/18 8/20/16 4/30/18 

No Data 

9/12/16 6/4/18 
101 8/10/16 4/30/18 8/10/16 2/9/17 9/12/16 6/4/18 
202 8/10/16 6/3/18 8/10/16 5/30/18 10/3/16 6/4/18 
203 8/10/16 6/3/18 8/10/16 6/3/18 9/22/16 6/4/18 
204 8/10/16 6/3/18 8/10/16 6/1/18 10/4/16 6/4/18 
208 8/10/16 6/1/18 8/10/16 6/1/18 10/4/16 1/30/18 
209 8/10/16 6/3/18 8/10/16 6/3/18 10/3/16 1/30/18 
210 8/10/16 6/3/18 8/10/16 6/3/18 9/11/16 1/30/18 
212 8/10/16 6/3/18 10/3/16 6/3/18 10/3/18 2/28/18 
300 8/10/16 6/1/18 8/10/16 2/27/18 9/13/16 2/15/18 
301 8/10/16 4/28/18 8/10/16 6/1/18 9/13/16 1/30/18 
302 8/10/16 5/25/18 8/10/16 5/25/18 10/6/16 1/30/18 
303 8/10/16 5/25/18 8/10/16 5/25/18 9/22/16 1/30/18 
501 

No Data 

10/6/16 8/31/18 10/6/16 8/31/18 9/11/16 1/30/18 
502 10/7/16 8/31/18 10/7/16 8/31/18 9/13/16 10/31/17 
503 10/7/16 7/9/17 10/7/16 7/9/17 No Data 
504 10/7/16 7/24/17 10/7/16 4/1/18 9/11/16 10/31/17 
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APPENDIX B – TEMPERATURE SETPOINT AND THERMAL COMFORT 
PLOTS FOR ADDITIONAL ROOMS 

 

 

FIGURE 13: ROOM 501 THERMOSTAT SETPOINTS 

 

 

 

FIGURE 14: ROOM 503 THERMOSTAT SETPOINTS 
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FIGURE 15:  THERMAL COMFORT RANGES FOR ROOM 501 DURING THE COOLING SEASON 

 

 

 

 

FIGURE 16:  THERMAL COMFORT RANGES FOR ROOM 501 DURING THE HEATING SEASON 
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FIGURE 17:  THERMAL COMFORT RANGES FOR ROOM 502 DURING THE COOLING SEASON 

 

 

 

FIGURE 18:  THERMAL COMFORT RANGES FOR ROOM 502 DURING THE HEATING SEASON 
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FIGURE 19:  THERMAL COMFORT RANGES FOR ROOM 504 DURING THE COOLING SEASON 

 

 

FIGURE 20:  THERMAL COMFORT RANGES FOR ROOM 504 DURING THE HEATING SEASON 
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Definitions 
ASHRAE American Society for Heating, Refrigeration and Air 

Conditioning Engineers 

DC Direct Current 

DEG Davis Energy Group 

EER Energy Efficiency Ratio 

EF Energy Factor 

ft2 Square feet 

HVAC Heating, Ventilation and Air Conditioning 

I2C Addressed digital communication protocol 

kW Kilowatt 

LED Light Emitting Diode 

Modbus Addressed digital communication protocol 

PG&E Pacific Gas and Electric Company 

PV Photovoltaic 

RH Relative Humidity (%) 

SEER Sensible Energy Efficiency Ratio 

SHGC Solar Heat Gain Coefficient 

U-value Overall heat transfer coefficient 

V Volt 

ZNE Zero Net Energy 
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Project Overview and Objectives 

Project Description and Location 
 This project is being conducted under Pacific Gas & Electric Company’s (PG&E’s) 
Proposition 39 Zero Net Energy (ZNE) Pilot Program. The overall goal of the program is to 
establish by “proof of concept” that ZNE retrofits of schools are feasible across California. This 
monitoring plan was developed for a demonstration project that is underway at Newcastle 
Elementary School in Newcastle, CA. The school includes 14 permanent and six portable 
classrooms.  

Monitoring Objectives  
 This monitoring plan presents a general strategy and methodology for measuring the impact 
of improvements made to the school. Since the project schedule does not allow time for 
monitoring of existing conditions, data collected will be used for the following purposes: 

1. Evaluate whole building energy use for comparison to the building performance model 
that was used to assess the cost-effectiveness of improvements 

2. Identify energy savings from: 
a. Interior lights and daylighting 
b. Exterior lights 
c. Portable classroom HVAC system replacements 

3. Measure indoor comfort conditions, including temperature and relative humidity and use 
these data to qualify energy savings results 

4. Evaluate how occupant behavior related to temperature control and lighting affects 
building energy use 

Test Methods and Strategies 

Planned Energy Efficiency Measures  
The following energy efficiency measures were proposed by the design team and are planning to 
be implemented: 

1. Caulking and sealing to reduce HVAC loads 
2. Interior and exterior LED lighting retrofits 
3. Enhanced daylighting (dimming ballasts or other lighting controls will not be installed) 
4. Gymnasium AC replacement  
5. Bard unit replacement for portables  
6. Photovoltaic installation  

7.  
Systems to be Monitored 

The monitoring system will be designed to capture as much of the impact of improvements as is 
feasible. Strategies employed for each measure are described below. 
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Indoor Lighting Replacements 
 Baseline energy use will be estimated using the rated power of the baseline systems. Staff 
survey results will be used to estimate operating hours. 

Post retrofit energy use will be calculated by multiplying the reduced lighting load by baseline 
operating time, as well as by the operating time as measured by lighting state sensors. The 
number of sensors installed will be equal to the number of switch locations (usually three per 
room), and sensors will be attached to representative lights. 

Outdoor Lighting Replacements 
 Baseline energy use will be estimated using the rated power of the baseline systems. Staff 
survey results and timer settings will be used to estimate operating hours. 

Retrofit energy use will be determined using a power monitor at the electrical panel to log energy 
use. It is likely that most of the parking lot lamps are wired to a small number of breakers 
(making power monitoring an inexpensive solution). It is impractical to use state sensors for 
exterior lights because some of the replacement lamps have bi-level operation. The only exterior 
lamps that will be monitored are those in the parking lot. 

Daylighting 
 As for the indoor lighting replacement measure, baseline lighting energy use will be 
estimated using survey data and will be calculated two ways, one where the baseline usage is a 
function of the wattage of the original fluorescent lamps, and the other where it is a function of 
the replacement LED lamp wattage. 
 There are three conditions under which energy savings will be estimated: 

• Reduced operation of lights (manually controlled) due to improved daylighting and using 
pre-retrofit lighting loads. 

• Reduced operation of lights (manually controlled) due to improved daylighting and using 
post- retrofit lighting loads. 

• Energy savings resulting from the potential application of automatic on/off controls to the 
replacement LED lamps 

 This evaluation will be aided by the use of downward-facing light level sensors (in addition 
to the state sensors) which will measure reflected light from surfaces. An algorithm will be used 
in post processing of the data to determine when there was sufficient daylight such that the lights 
could have been turned off.  Times when the lights were on, but daylighting alone would have 
provided sufficient task lighting would count toward energy that potentially could have been 
saved had a control system been implemented.  

Portable Classroom HVAC System Replacement 
 The project calls for replacement of five of the six Bard heat pumps installed on the portables 
with mini-split heat pumps and dedicated fresh air ventilation systems. The one unit to be left in 
place will serve as the reference system on which energy savings for the other five units will be 
based. Heat pump energy use will be monitored using power monitors installed on each circuit.  
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Temperature and Humidity Measurement 
 Particularly in the case of the HVAC replacements, it is important to qualify energy use and 
savings with temperature and relative humidity data. Temperature and humidity will be 
compared to ASHRAE comfort zones to understand energy use in the context of comfort level 
achieved.  
 Temperature and relative humidity sensors will be installed in each of the permanent 
classrooms in conjunction with the light transmitters, and one each will be installed in the 
baseline and retrofitted portables. 

Measures That Will Not Be Evaluated 
The following will not be directly monitored for logistical and cost reasons: 

• Reductions in the energy use for all HVAC systems due to lighting changes will not be 
measured because there was no pre-monitoring and therefore no reference point.   

• PV system energy production will not be measured. It is not known at this time to which 
panel the inverter will be connected. Past and future utility bills can be used to compare 
pre-retrofit and post- retrofit net energy use. 

• To conserve monitoring costs, lighting monitoring will only include a subset of 
representative fixtures. 

 Comparison of weather-normalized utility bills can be used to estimate whole building 
energy savings. For future projects it is recommended that sufficient resources be allocated to do 
the following: 

Pre-monitor loads for a full year to provide an accurate baseline  
Provide for measurement of all exterior lights in addition to parking lot lights 
Provide for measurement of all interior lights  
Measure instantaneous solar production and net and gross energy consumed by the buildings 
Measure all HVAC energy use 
Install systems that provide guidance to the teachers as to when daylight is sufficient to turn 

off lights 
Instrumentation 

This project with utilize wireless sensor networks and gateways developed specifically for this 
site (Figure 21).  

Transmitters – A wireless, battery powered transmitter will be combined with sensors 
including: light-state, light-level, temperature, and humidity. Data is transmitted as frequently as 
every minute. These are used to monitor the interior lights and the comfort levels in the 
classrooms. 

Gateways – DEG developed a gateway that enables data to be collected and stored on site and 
then pushed to DEG servers through a Wi-Fi connection every 24 hours. This approach 
minimizes the potential for data loss. Data will be collected either from the wireless transmitters 
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using a receiver or from Modbus instruments. The gateways will be used to gather data from all 
of the sensors/meters:  

• Interior lights – through a wireless receiver 
• Exterior lights – through a Modbus connection from a power meter 
• Portable unit HVAC – through a Modbus connection from a power meter 

Power Meters – Dent power meters in appropriate channel and CT configurations will be used 
to monitor HVAC and exterior light loads 

 

Figure 21 – Network diagram for data acquisition system 

Sensor Types and Specifications 
Error! Reference source not found. lists the types of sensors to be used for the various 
monitoring points and their performance specifications. Sensor selection was based on 
functionality, accuracy, cost, reliability, and durability. Specific model numbers are listed as 
examples; similar models by other manufacturers may be used. Signal ranges for temperature 
sensors correspond approximately to listed spans. 
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Table 16: General Sensor Specifications. 

Type Application Mfg/Model Signal Span Accuracy 

Temperature/RH Indoor temp / 
RH 

Silicon Labs / 
Si7021 I2C 

-10 - 85°C ±0.4C 

0 – 80% +3%RH  

Light state Light on/off ROHM semicon. / 
BH1750FVI I2C 1-65k lx 20% 

Light level Light level for 
daylighting 

Texas Instruments / 
OPT3001 I2C 0.01 – 83k 

lx 5% 

Power meter Lights, HVAC Dent / Powerscout 
24, 3037 Modbus CT 

dependent 0.5% 

 

Installation 

Programming and commissioning 
Transmitters and gateways will be assembled at DEG’s shop. Each will be programmed and 
labeled based on the deployment location. They will then be tested for several days to ensure 
proper operation. 
Power meters will be programmed and tested at DEG’s shop in conjunction with the gateway 
they are to be deployed with. 

Site Installation 

Interior lights 
Transmitters will be attached to a representative fixture for each switch in each classroom using 
industrial grade double sided tape. Temp/RH transmitters for the portable classrooms will be 
placed in similar locations. One gateway will be used per classroom, placed in a location that is 
unlikely to be disturbed. 

Exterior lights and HVAC 
Power meters will be either placed in electrical panels containing the appropriate breakers or in 
NEMA enclosures attached adjacent to the panels. When NEMA enclosures are used, conduit 
will be used to route wires from the power meter into the electrical panel. CTs and voltage 
reference leads will then be attached from the meter to the panel. Loads will be switched on to 
ensure the correct load is being measured, and that the meter logs power correctly. Gateways will 
be connected to the power meter through each device’s Ethernet port. Checks will be made to 
ensure the gateways are able to properly connect to the school’s Wi-Fi network. 
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Data Collection and Analysis 

Data Collection and Quality Control 
 Raw data will be automatically transferred to DEG's server and a range check will be 
completed to identify defective sensors or channels, or unusual conditions. An email alert will be 
automatically sent to notify the DEG project manager of any anomalies or any malfunctions that 
require attention. 

Data Analysis and Reporting 
 Data will be reduced using Python scripts to align it on one-minute time steps.  
 Computations will be completed, and plots developed to evaluate each of the metrics outline 
in section 0. Methods, results, and recommendations will be provided in a concise performance 
report. 

Schedule 
 Pending the completion of building improvements, monitoring equipment is expected to be 
installed in late July and will require approximately two days on site to install and commission. 
 Monitoring will be initiated as soon as systems are commissioned and will continue to log for 
the duration of one year with data being collected on 1 minute intervals. During this time, 
automated data checks will be executed daily to ensure the systems remain functional and that 
data falls within expected ranges. Data will be reviewed at least monthly as a backup to the 
automated checks and to understand emerging trends. 
 After the monitoring period is complete, DEG will return to the site for decommissioning and 
removal of instrumentation. A performance report will be delivered within 60 days of the 
completion of monitoring. 
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