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EXECUTIVE SUMMARY 
Sempra Energy Services (SES) is pleased to submit this Final Proposal to the Social Security 
Administration (SSA) and the General Services Administration (GSA) to provide a comprehensive 
energy conservation project for the Frank Hagel Building.  This program is to be performed 
under the Super Energy Savings Performance Contract (ESPC) administered by the Department 
of Energy. 
 
The proposed program involves the following Energy Conservation Measures: 

ECM No. 1: Retrofit Stairwell and Parking Garage Lighting, 
ECM No. 2: Griswold Automatic Flow Balancing Valve Re-commissioning, 
ECM No. 3: Install 17 kW Photovoltaic Generation System, 
ECM No. 4: NOT RECOMMENDED, 
ECM No. 5: Reduce Primary Ventilation Air, 
ECM No. 6: Install Variable Speed Drives on Secondary & Tertiary Chilled Water Pumps, 
ECM No. 7: Install 260 kW Cogeneration Unit 
ECM No. 8:  Replace Boilers with One New Steam Boiler 

 
These Energy Conservation Measures (ECMs) were developed during the Detailed Energy Study 
of the Hagel Building.  This report is a follow-up to the DES SES submitted last August 2004.  
After further discussion with the SSA/GSA and ECM analysis, SES has concluded its final 
proposal effort.  During this comprehensive project, SES performed a detailed review of the 
design and operation of the building and took into consideration the recommendations provided 
by building operating staff and previous energy studies performed for the building. 
 
The proposed ECMs are intended to provide substantial energy savings as well as to alleviate 
several operating issues in the building including: 

• Excessive outside air introduced into the building, 
• Water imbalance and unstable operation of the Griswold balancing valves, 
• Excessive pumping of chilled water throughout the building, 
• Old and inefficient boiler system, 
• Reduction of boiler fuel consumption due to waste heat recovery from new cogeneration 

unit, and 
• Produce on-site electrical power, reducing exposure to electric utility costs while 

improving the energy security for the building 
 
The demonstration of clean, renewable distributed generation technology with a 17 kW 
photovoltaic system is also included.  The recommended ECMs will provide an estimated 
electricity energy savings of 1,632,996 kWh per year and reduce annual energy cost by 
$159,047. 
 
The energy results in this study are based on the PG&E E-20S, secondary voltage electricity rate 
and $0.733 per therm natural gas rate for boilers (GNR-1) and $0.569 per therm for 
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cogeneration fuel (GNR-1 and G-EG).  The derivation of the average gas rates were based on 
the historical monthly average for each month over the past year and are shown in the 
calculation section for ECM 7 and 8.  The PG&E electric rate schedule is summarized in the 
Table E-1 below and a full detailed rate schedule is shown in Appendix A. 
 
 

Energy Cost, $/kWh Peak Part-Peak Off-Peak 

Summer $0.15644 $0.08761 $0.08016 

Winter  $0.09338 $0.07995 

    

Demand Cost, $/kW Demand Charge Applicable 
Times/year  

Summer Peak $13.35 6  

Summer Part-Peak $3.70 6  

Winter Part-Peak $3.65 6  

Summer Maximum $2.55 6  

Winter Maximum $2.55 6  
 

Table E-1:   Summary of PG&E Rates Used as Baseline Schedule 
 
 
The rates mentioned above are defined as the “baseline” rates.  Future energy savings were 
derived by applying the baseline energy rates and increasing future savings based on an annual 
escalation of 2% for electricity and 3% per year for natural gas. 
 
This Detailed Energy Study follows the DOE Super ESPC guidelines for format.  Section 1 
provides detailed descriptions of the recommended ECMs and the energy savings.  Section 2 
presents the Monitoring, Measurement, and Verification Plan.  The Operations Plan including the 
approach for project management and on-going operations and maintenance is included in 
Section 3. 
 
SES is proud to submit this very beneficial proposal to the GSA/SSA.  It provides infrastructure 
improvements to the lighting, chilled water pumping, electrical generation, temperature control, 
and boiler plant systems, re-commissioning of key HVAC systems, and includes a solar 
photovoltaic array offering clean, renewable power generation.  The overall energy-efficiency 
improvements will result in lower utility costs and environmental pollution associated with 
energy consumption. 
 
SES looks forward to working with the GSA and SSA as we move forward with the 
implementation of this worthwhile project. 
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SECTION 1.0:  ECM DESCRIPTIONS & PROJECTED ENERGY SAVINGS 

ECM No. 1:  Retrofit Stairwell and Parking Garage Lighting 

Detailed Description of ECM: 
Stairwells: 
A total of 72 existing two-lamp, four-foot, F32/T8/735 wrap around, wall mounted, stairwell 
fixtures will be replaced with 72 one-lamp, F32T8/735, wall mounted, wrap around lens fixtures 
containing a seven-watt compact fluorescent lamp (the actual lamp is five watts, but ballast 
draw increase the total to seven-watts).  The new fluorescent stairwell fixtures incorporate a 
motion sensor.  When no movement is detected for a brief period the seven-watt compact 
fluorescent lamp remains on while deactivating the four-foot fluorescent lamp.  While occupied, 
both the compact fluorescent and 4 ft. fluorescent will be on.  Studies indicate that 95% of the 
time, stairwells are unoccupied allowing the fixtures to operate in the low seven-watt mode. 
 
Parking Garage and Loading Dock: 
The 13 existing 150-watt high-pressure sodium parking garage fixtures will be removed and 
replaced with 13 three-lamp F32/T8/735 high ballast factor strip fixtures with wire basket 
guards.  The EMS system that presently controls the lighting in the garage will control the new 
fixtures. 
 
The 42 existing loading dock 250-watt high-pressure sodium fixtures that burn 24-hours per 
day will be removed and replaced with 42 six-lamp F32T8/735 high bay fixtures with motion 
sensors.  The motion sensors should reduce annual burning hours by a minimum of 40%. 
 

Location Affected: 
1)  Stairwell landing areas of Hagel Building (total of 72 fixtures). 
 
2)  Parking and loading dock areas of Hagel Building (total of 55 fixtures). 
 

Interface with Government Equipment: 
Each of the two lighting ECMs meet local and national codes, and are compatible with all 
existing circuitry and equipment.  A very beneficial effect for security cameras will be produced 
when the lower color rendering high-pressure sodium fixtures are removed, and the higher 
color rendering fluorescent fixtures are installed in the parking garage and loading dock. 
 

Proposed Equipment Identification: 
The occupancy sensor controls are based on the “Occusmart” technology by Lamar Lighting or 
equivalent.  The high/low bay T-8 fixture to replace the high pressure sodium lighting is 
manufactured by Wellmade products.  Information on this equipment is detailed in cut sheets 
provided following this ECM description. 
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Physical Changes: 
1)  Stairwell Lighting Retrofit 
The stairwells will be more dim during unoccupied periods with the four-foot lamps deactivated.  
However, stairwells will always have some light 24/7 provided by the compact fluorescent lamp.  
The emergency incandescent wall pack lighting will remain as is. 
 
2)  Parking Garage and Loading Dock Retrofit 
Lighting levels post-retrofit may be “perceived” as greater than pre-retrofit because white light 
appears to be brighter than the high-pressure sodium lighting it is replacing.  Items seen under 
the new T8 fluorescent high bays will reflect more clearly and precisely their actual colors 
because the new fluorescent lamps have a higher color-rendering index (75 CRI) than high-
pressure sodium (22 CRI).  This is also an advantage to security camera operations. 
 

First Year Energy Savings: 
Total ECM-1 estimated energy savings are as follows: 

 
Energy Electric Savings (kWh): 111,016 
Energy & Operation Cost Savings: $10,682 

 
The direct lighting savings are calculated using formulas supported by U.S., D.O.E., FEMP and 
NEMVP guideline LE-A-01.  Wattage consumption for new lamps or fixture types installed per 
ECM is shown in attached manufacturers’ specification sheets and estimated operation hours 
(provided by facility staff interviews) are used to determine savings. 
 

Base Lighting 
kW base = kW per fixture x fixture quantity x base Demand Diversity Factor 

kWh base = kW per fixture x fixture quantity x base operation hours 

 
Post Lighting System 
kW post = kW per fixture x fixture quantity x post Demand Diversity Factor 

kWh post = kW per fixture x fixture quantity x post operation hours 

Monthly kW savings = kW base - kW post 

Post operation hours = base operation hours  

Operation Demand Diversity Factor = base Demand Factor  

Demand Diversity Factor = percentage of lights in usage group operating when utility 
demand peak is set. 

 

Utility Interruptions: 
Installation crews will operate in strict compliance with all National Electrical Code established 
safety code requirements.  The technicians may deactivate a lighting circuit during the actual 
retrofit process for safety and aiding in installation; however, at no time will a crew leave any 
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lighting circuits deactivated at the end of a work shift.  No building wide disruption of service 
will be made.  Installation is a room-by-room process that will be scheduled to accommodate 
facility activities. 
 

Agency Support: 
Assistance is needed to schedule work in order to avoid inconveniencing the occupants, staff, 
and missions of the facility.  Work can be scheduled during “off or down” times to facilitate 
convenience to the Owner. 
 

Potential Environmental Impact: 
1. Resource Use 

The electrical consumption of the lighting system will be reduced as a result of these ECMs. 
 
2. Waste Production 

No hazardous waste is produced in the execution of these ECMs. 
 
Existing T8 fluorescent lamps and high-pressure sodium lamps/ballasts/fixtures will be 
removed and disposed of as Universal Waste.  These disposal costs are inevitable to the 
facility and would continue to reoccur without these ECMs, but the costs are included in this 
proposal. 

 
3. Mitigation Measures 

Waste fluorescent and HID lamps and ballasts collected through the implementation of 
these ECMs will be properly disposed of in accordance with federal, state and local 
regulations; however, disposal waste will remain the property of the facility 
owner/generator.  SES will serve as a project manager for the administration of regulated 
disposal for the owner.  Although the possibility of existing PCB containing ballasts are not 
expected in the implementation of this project, SES will identify, segregate, store on site any 
PCB ballasts removed - to be packaged in EPA/DOT approved containers provided by the 
recycling contractor.  These containers will be removed from the facility by the approved 
recycler.  The ballasts will be recycled and PCBs incinerated, and manifests of destruction 
will be delivered to the facility. 

 

ECM Project Schedule: 
The project schedule including the implementation of this ECM is included in Appendix B. 
 

Supporting Information: 
For Savings calculation, see the information following this ECM description. 
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ECM No. 2:  Griswold Automatic Flow Balancing Valve Re-Commissioning 

Detailed Description of ECM: 
The objective of this ECM is to verify the existing interior zone Griswold flow balancing valves to 
confirm the distribution of chilled water throughout the building.  This ECM is also intended to 
provide stable flow of chilled water, resolve nuisance noises that have been noted in the 
Griswold valves, and save energy.  Complete and updated documentation is to be provided for 
operation and maintenance. 
 
The interior zones of the building are served by fan-powered terminal units.  Most of these 
terminal units are equipped with cooling coils to provide supplementary sensible cooling, in 
addition to the primary cooling from the centrally supplied fresh air.  Each terminal unit is 
equipped with a thermal control valve (TCV) to modulate the flow of chilled water through the 
terminal coil in response to the cooling demand of the zone.  Each unit is also equipped with a 
Griswold automatic flow-balancing valve (GV).  The purpose of the Griswold valves is to limit 
the flow of chilled water to the maximum design value of each coil.  The Griswold valves act to 
equalize the flow of chilled water throughout the secondary chilled water piping system, and 
compensate for the pressure variations between floors.  The Griswold valves are automatic 
control valves and, unlike manual balancing valves, can maintain their flow settings with varying 
flow and pressure conditions in the chilled water system. 
 
Griswold valves are equipped with an orifice with a variable opening.  Over the selected range 
of pressure, for example 2 to 32 psig, the size of the orifice opening changes to maintain a 
constant flow.  When the supply pressure is higher, it pushes the internal cup in and results in 
less free opening area available and thus more pressure loss.  When the supply pressure is 
lower, the return springs on the internal cup force it to expose a larger opening, and thus result 
in a smaller pressure loss.  Within the design range, the pressure fluctuations are compensated 
and the flow across a GV is maintained nearly constant.  However, if the GV is specified 
incorrectly or the system supply pressure is out of range, lower than 2 psig or higher than 32 
psig, the internal cup becomes a “fixed opening orifice” by pushing out or in to its maximum or 
minimum opening positions, respectively. 
 
When a GV is used in line with a fan coil unit and a modulating flow control valve, the Griswold 
valve acts to limit the maximum flow through the coil.  When the modulating flow control valve 
is fully open, the Griswold valve maintains the chilled water flow at the specified maximum.  As 
the modulating valve closes, the pressure drop across the Griswold valve decreases.  Below the 
minimum control pressure drop, the Griswold valve has a fixed orifice and acts as a variable 
flow device, allowing the modulating valve to control the flow.  The Griswold valve also acts as 
a variable flow device if the system pressure increases beyond the control range of the Griswold 
valve. 
 
Catalog information describing the application and operation of Griswold valves is included 
following this ECM description.  Griswold valves are available in different pressure ranges, with 
different return springs and orifice cuts.  Each GV is individually specified, ordered, and labeled.  
If the GV used was a generic replacement or leftover from another project, it may not have the 
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correct internal cup and spring.  As a result, abnormal interactions between the GV and its 
immediate flow control valve can happen. 
 
Overall, there are approximately 196 interior fan coil units (FCUs) equipped with Griswold valves 
and 50 perimeter units equipped with circuit setter valves.  The majority of the 2-pipe FCUs that 
serve the perimeter zones of the building are equipped with Bell and Gossett (B&G) circuit 
setter valves (instead of Griswold valves) to limit the maximum flow to each FCU.  These are 
manual balancing valves and are not included in this ECM.  A few perimeter zone FCUs have 
Griswold valves, in lieu of B&G circuit setters – they are also not included in this ECM. 
 
Pictures of Griswold valves are shown below. 
 

 Typical Griswold Valve Installed on a FCU Internal Flow Regulating Cartridge 

 
 
The building operating staff has observed that a number of Griswold valves appear to be 
working improperly.  These observations include: 

1. Some Griswold automatic water balancing valves on the fan coils (interior zones) are not 
working properly to equalize flows in the chilled water distribution system. 

2. Hunting (unstable valve operation) and acoustic noise occurs on some (<10 units) 
Griswold valves, primarily on the 5th and 6th floors. 

3. Interactions between the Griswold valve and the modulating thermal control valve on 
the above FCUs are believed to cause this hunting.  Following the recommendation of 
the original design engineer a few years ago, the cartridges of these Griswold valves 
were removed and the noises ceased.  It is suspected that these units use more chilled 
water than others. 

4. Some of the Griswold valves are installed next to the associated thermal control valves, 
which are different from the typical approach of installing the Griswold valve on the fan 
coil inlet and the thermal control valve on the fan coil outlet. 

5. Some Griswold valves appear to have incorrect labels that are not consistent with the 
majority of the valves and what is shown in the balance report or as-built drawings.  It 
is suspected that the original valve was replaced without documentation. 

 
SES conducted a review of the installation of the Griswold valves during the Detailed Energy 
Study.  This review included discussions with application engineers from Griswold, review of the 
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original design of the Griswold valves for the building, and inspection of the selected valve 
installations including comparisons of the flow and pressure ratings of the valves with the 
requirements of the FCU location.  SES’ findings are listed below: 

1. The Griswold valves and thermal control valves are intended to control the flow of 
chilled water in different flow ranges.  The Griswold valve maintains a constant flow of 
chilled water within a selected range of pressure loss across the Griswold valve.  The 
Griswold valve is intended to limit the flow through the coil to the specified maximum 
flow when the thermal control valve is fully open.  The thermal control valve controls 
water flow in response to the zone demand in a flow range that is below the control 
range of the Griswold valve.  At reduced flows, the Griswold valve acts as a fixed orifice 
rather than as a flow control valve. 

2. With current operation, chilled water is over-supplied to some FCUs, forcing the 
Griswold and thermal control valves to operate at pressures beyond their design ranges 
resulting in interactions between the valves. 

3. Manual circuit setter valves will not provide improved performance and will not 
automatically react to system pressure/flow fluctuations.  Therefore, they are not 
recommended to replace existing Griswold valves. 

4. The chilled water flow design for all interior zones appears to be adequate based on 
thermal performance observed.  There is no need to re-design or re-balance the entire 
system.  The need is to provide a reliable and credible water flow documentation for the 
interior zone FCUs. 

5. Each existing Griswold valve (model 3052BGNO) uses a 2-to-32-psig cartridge, with a 
nominal pressure loss of 7.4 ft. H2O in the design flow range.  This model has an 
integral Y-strainer and a ball valve. 

6. Existing UltraZ model Griswold valves are no longer manufactured, however, 
replacement cartridges with varying ratings are available from Griswold, e.g., 1-to-14 
psig cartridge has a 3.5 ft. H2O pressure loss. 

7. The labels of a few existing Griswold valves do not show the fan-coil IDs as the majority 
has.  It is a clue that they were replaced from the batch originally ordered.  This may be 
the result of a corrective action from the original water balance, or an incorrect 
application.  Their performance may or may not match the design condition.  Thus, 
special attention will be paid to these valves. 

8. According to the application engineer at Griswold, the Griswold valve and thermal 
control valve can be installed on either side of the fan coil unit. 

9. The energy savings associated with replacing the existing valve cartridges with lower 
pressure loss cartridges is small. 

10. A separate ECM to be implemented in this program, variable flow chilled water pumping, 
is expected to alleviate the over-pumping and valve noise situations, and provide 
significant energy savings. 

 
Recommendations and scope of work: 
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SES recommends that the existing Griswold valves be retained.  Each of the valves will be 
evaluated to ensure the proper valve is installed and is operating properly.  The proposed scope 
of work is as follows: 

1. Document the baseline pressure and flow of the overall secondary chilled water system: 

1.1 Override the EMS controls to fully open all the thermal control valves at the (196) 
VAV boxes located in the interior zones on floors 2nd-6th to simulate the peak load 
condition.  This task is performed by building operators with SES assistance. 

1.2 Lock the secondary chilled water system bypass solenoid valve on the basement 
level between the supply/return headers at closed or nearly closed position, to 
maximize the savings. 

1.3 Document the running status of the secondary chilled water pumps (1 or 2 units), 
RPM, kW draw. 

1.4 Calibrate and document the pressure gage readings at the pump suction and 
discharge. 

1.5 Measure the flows in the (4) 4” and (6) 3” branches by measuring the pressure loss 
at the appropriate calibrated balancing valves (CBV).  They are easily accessible in 
the ceiling spaces of floors 2-6, near the vertical shafts in the building. 

1.6 Compare the total flow with the pump curve. 

 
2. Document the secondary chilled water flows in the (196) VAV boxes located in the 

interior zones of the 2nd-6th floors under the above condition. 

2.1 Measure the baseline pressure loss across each of the 196 Griswold valves at the 
as-found conditions, using the built-in pressure taps with Sysco connectors and a 
calibrated pressure differential meter by Griswold. 

2.2 Open the Griswold valves, inspect and clean if debris is found.  (The built-in 
strainers on each GV are said to be cleaned once a year, and the chilled water 
system is said to be generally clean.) 

2.3 Remove and inspect the flow control cartridges; document the external sticker 
labels and stamped rating (e.g. 10-2 means 10/2=5.0 gpm) on the internal 
cartridges for all (196) Griswold valves. 

2.4 Return valves to service and measure pressure loss, using the built-in pressure taps 
with Sysco connectors and a calibrated pressure differential meter by Griswold. 

 
3. Identify the Griswold valves with cartridges removed a few years ago – less than 10 

units, according to the operator.  New cartridges will be specified, ordered, and installed 
in these locations. 

4. Identify, specify, order, and replace Griswold cartridges with improper pressure or flow 
ratings with new correctly sized Ultra Z cartridges.  SES assumes and will change up to 
10 units in this category.  Any other modifications necessary found later beyond that is 
not included and should be a change order. 
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SES will document the air flow/temperature performance for each of the (196) fan-coil 
units, using data available from the EMS monitor.  Spot calibration may be performed to 
validate the accuracy of selected temperature sensors.  SES assumes all sensors are in 
working conditions and a system-wide calibration or adjustment is not required. SES will 
identify and provide a list of broken items found during the course.  It is SSA/GSA’s 
responsibility to repair/repair, so SES can continue and complete the work in the scope. 

5. SES’ construction plan is based on the premise that the existing FCUs with Griswold 
valves are functioning and can be isolated and drained in clusters with 5-10 units, as 
indicated by the facility operators.  If the actual piping configuration, building 
operations, or tenant specific requirements would not allow working in such clusters and 
require significantly more mobilization time or repair before work can resume, SES 
would have to submit a change order. 

6. SES will make reasonable effort using scaffolding, articulating ladders or similar to avoid 
requiring moving furniture and/or cubicle arrangements. SES will protect the area under 
the FCUs that are being worked and carefully coordinate the effort with SSA on-site 
staff.  Should circumstances require extra work including moving furniture or cubicle 
disassembly, SES would to then potentially submit a change order to the SSA/GSA for 
the additional work. 

 

Location Affected: 
This ECM will impact the fan coil units (FCUs) with secondary chilled water coils in the interior 
zones of the 1st to 6th floors. 
 

Interface with Government Equipment: 
This ECM involves equipment associated with the secondary chilled water distribution system, 
including FCUs.  This ECM will be performed after the ECM to implement variable flow 
secondary chilled water pumping, due to the impact of chilled water flow on the performance of 
the Griswold valves. 
 

Proposed Equipment Identification: 
Existing Griswold automatic balancing valves for the interior zones, mostly Model 3052BGNO. 
 

Physical Changes: 
The performance of each existing Griswold valve will be evaluated.  Some existing Griswold 
valves will be fitted with new cartridges.  Some Griswold valves currently cannot be isolated on 
both the inlet and the outlet sides.  Accordingly, draining of isolated portions of the chilled 
water system may be needed if replacement of any parts is necessary. 
 

First Year Energy Savings: 
Energy savings associated with the improved performance of the Griswold valves will be 
captured primarily with the ECM to implement variable flow chilled water pumping.  A small 
amount of savings that directly involves the Griswold valves will be obtained by replacing some 
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of the valve cartridges with new cartridges having a lower pressure loss.  Estimated energy 
savings from changing the cartridges is as follows: 

Electric energy savings: 4,771 kWh 
Energy cost savings: $755 per year 

 
Manufacturer’s design pressure loss is 7.4 ft. H2O and 3.5 ft. H2O for the two types of valve 
cartridges.  After reviewing the water balance data collected by SES engineers and interviewing 
operators, it is assumed that the existing Griswold valves are 50% above design flow/loss.  It is 
also assumed that the new water balance will be achieved using equal numbers of the two 
types of cartridges at balanced flow/loss conditions.  See the information following this ECM 
description for details. 
 

Utility Interruptions: 
None.  Selected FCUs may need to be out of service for a brief time period.  However, the work 
can be performed during unoccupied hours. 
 

Agency Support: 
Coordination with the building occupants for construction activities is needed. 
 

Potential Environmental Impact: 
This ECM will provide positive environmental benefits related to reducing energy use. 
 

ECM Project Schedule: 
The project schedule including this ECM is included in Appendix B.  This ECM work should be 
implemented in parallel but ultimately completed after ECM 6, VFDs for SCHW Pumps. 
 

Supporting Information: 
See the information following this ECM description for ECM calculation and reference materials. 
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ECM No. 3:  Install 17kW Photovoltaic System 

Detailed Description of ECM: 
SES proposes a commercial-scale 17 kW solar photovoltaic (PV) array for the open roof area 
above the sixth floor roof of the Hagel Building.  Photovoltaic solar cells can be mounted on 
open roof areas and are available that lie flat on the roof or mounted on racks that are tilted 
toward the sun.  SES’ proposal is based on an integrated self-ballasted system that lies flat on 
the roof without roof penetrations.  The system is of lightweight design so that no structural re-
design is necessary.  However, structural engineering analysis will be performed as part of 
sound design practice. 
 
Photovoltaic systems are passive systems that have the benefit of virtually zero maintenance 
other than keeping the solar panels clean.  Generating electricity via a PV system will bring 
environmental savings because PV has virtually no environmental impact.  In addition, SSA/GSA 
can anticipate positive publicity from the installation of a Photovoltaic power system. 
 
SES proposes the installation of 30kW Photovoltaic system. 
 
The Scope of Work is as follows: 

• Remove existing rock on roof. 
• Furnish and install 17 kW AC Photovoltaic solar cells on the roof of the building. 
• Furnish and install DC/AC inverter and associated transformer and disconnect. 
• The system will be interconnected in a 100 Amp subpanel on the basement level.  An AC 

disconnect will be placed within 10 feet of the electric utility meter in order to comply 
with NEC code.  In the even of an electrical outage, an automatic switch in the inverter 
will shut off all power/current to the building.  The inverter will turn on automatically 
when utility power is restored. 

• Related electrical work. 
• Design-Build of electrical, structural and engineering 
• All necessary labor associated with permitting and securing utility rebates 
• Monitoring software system that will provide live, real-time dynamic data with 24-hour 

web access.  This system will provide accurate accounting of revenue-grade energy 
generation, and solar/weather related data.  

• Data monitoring and educational display kiosk for public viewing of PV energy 
performance. 

 

Location Affected: 
This ECM will affect approximately 2,500 square feet of the open roof area.  Modifications will 
involve installing the 17 kW Photovoltaic system.  Crane access near the building will be 
required to hoist the solar equipment to the roof level. 
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Interface with Government Equipment: 
The PV system will be interfaced with an electrical panel in the basement electrical room.  No 
roof penetration will be required for the roof-integrated PV system. 
 

Proposed Equipment Identification: 
The equipment includes PV system manufactured by ASE or equivalent.  The net AC output will 
be a minimum of 17 kW. 

Physical Changes: 
The physical changes will involve the installation of PV system on the roof and associated wiring 
and cables to the nearest electrical panel. 
 

First Year Energy Savings: 
Estimated energy savings are as follows: 
 

Energy Electric Savings: 28,364 
Energy & Operation Cost savings: $2,921 

 
Estimated energy savings are based on the avoided electricity purchase generated by the PV 
system.  To be conservative, no credit has been assumed for demand savings because a lack of 
generation during any single 30 minute period during on-peak times each month will result in a 
demand charge.  Thus a single cloudy day during the month will eliminate or greatly diminish 
the demand savings.  Based on the California Energy Commission (CEC) Incentive Program, PV 
systems are eligible to receive an incentive of $2.80/Watt for qualified applications submitted 
prior to 6/1/05.  The incentive amount will change to $2.60/Watt for applications submitted 
after 6/1/05.  Details of the calculated savings are provided following this ECM description. 
 

Utility Interruptions: 
No down time is required.  Limited to time required installing the PV system. 
 

Agency Support: 
Limited to performing routine maintenance and services which primarily includes washing the 
PV panel array twice each year. Some scheduling and coordination is needed to support the 
construction. 
 

Potential Environmental Impact: 
This ECM will benefit the environment by displacing power plant fossil fuel used for power 
generation with clean renewable generated electricity. 
 

ECM Project Schedule: 
The project schedule including the implementation of this ECM is included in Appendix B. 
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Supporting Information: 
For savings calculation, see the information following this ECM description. 
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ECM No. 4:  Install Variable Speed Drives on Chiller No. 1 and Chiller No. 3 

This ECM is no longer proposed due to economic reasons.  Please refer to the section “ECMs 
Evaluated But Not Recommended”. 
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ECM No. 5:  Reduce Primary Ventilation Air 

Detailed Description of ECM: 
Air handling units (AHUs) 1 through 4 serve the core areas of floors 1 through 6.  The air 
handlers centrally supply 100% once-through outside air to fan-powered terminal boxes located 
throughout the conditioned spaces.  Each of the air handlers are equipped with filters, an 
enthalpy energy recovery wheel, heating coil, cooling coil, and a run-around reheat coil.  
Depending on the outside air conditions, the enthalpy wheel is used to pre-cool and dehumidify 
the incoming outside air or pre-heat the incoming air by enthalpy transfer with the return air 
that is exhausted through the air handler.  If enthalpy of the outside air is greater than that of 
the return air, the enthalpy wheel is operated at maximum speed.  If the return air enthalpy is 
greater than the outside air enthalpy, the supply and return air are bypassed around the 
enthalpy wheel and the wheel operates at minimum speed.  If the outside air temperature is 
less than the supply air set-point, the enthalpy wheel modulates to maintain the supply air set-
point. 
 
At the terminal boxes within the building, the supply air from the air handlers, referred to as 
“primary air,” is mixed with re-circulated air that is drawn into the terminal box locally from the 
ceiling.  Some of the terminal boxes are equipped with supplemental cooling coils to cool the 
return air for supplemental cooling and are designated as “air-water” boxes.  Chilled water is 
supplied to the terminal coils of these boxes at a relatively high temperature (50 to 55°F) to 
avoid condensation of moisture on the coils.  Terminal boxes without cooling coils are 
designated as “all-air” boxes, which rely solely on the primary air for cooling.  Some of the 
boxes also are equipped with electric strip heaters to reheat the air supplied to the spaces if 
needed to maintain the space temperature.  All of the boxes on the 6th floor have electric 
heaters. 
 
The basement is served by a single air handler, AHU 9.  This air handler provides primary air 
that is 100% outside air.  However, AHU 9 is not equipped with an enthalpy wheel or run-
around coil.  The basement is equipped with fan-powered terminal boxes, all of which are “all-
air” type (no supplemental cooling coil).  As with AHU 1 – 4, these terminal boxes mix primary 
air from the “central” air handler with re-circulated “local” air at the terminal box.  All of the 
basement terminal boxes are equipped with electric heaters to reheat the supply air as needed. 
 
Because the Hagel Building is located in an area with relatively high humidity, a key function of 
the HVAC system is to control humidity as well as air temperature.  The air handlers provide 
ventilation air that is 100% outside air.  This “primary air” can be cooled to as low as 40°F for 
dehumidification.  Primary air then is supplied to terminal boxes for distribution throughout the 
building.  The terminal boxes mix the primary air from the air handlers with re-circulated room 
air drawn from the plenum above the ceiling (or top of the room if there is no suspended 
ceiling).  The terminal boxes provide a constant volume of air to the spaces.  Temperature 
control in the space is achieved by varying the amount of primary air that is supplied to the 
terminal box.  A damper varies the flow of primary air based on a signal from the room 
thermostat.  The damper has a minimum setting so that the space always receives the 
minimum primary air required for outside air ventilation.  Boxes in locations subject to over-
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cooling at the minimum primary set-point are supplied with electric heaters to reheat the supply 
air from the boxes. 
 
Control of the humidity of the air in the building is achieved by controlling the dew point of the 
primary (fresh) air passing through the air handlers.  The air is cooled to the desired dew point 
and then distributed to the building.  Sensors are used to measure the temperature and 
humidity, and to calculate the enthalpy of the outside air, the supply air, and return air from the 
building areas.  The nominal design of the system is as follows:  If the enthalpy of the outside 
air is less than 21.6 Btu/lb (enthalpy of 40°F dew point), chilled water is supplied to the air 
handlers by the chilled water chillers at a temperature of 42°F to produce a supply air 
temperature leaving the cooling coil of 55°F.  If the enthalpy of the outside air is greater than 
21.6 Btu/lb, the chiller system operates in “dehumidification” mode to achieve additional 
dehumidification.  Chilled water is supplied by the glycol chillers at a temperature of 32°F to 
produce a supply air temperature leaving the cooling coil of 40°F.  This supply air temperature 
is then reheated to about 49°F by the run-around coil.  Actual operation of the system can vary 
slightly from the above. 
 
The outside air supplied to the building spaces specified in the User Manual is based on a 
minimum ventilation rate of 20 cfm per person, and 0.2 cfm/ft2 for office areas or 0.1 cfm/ft2 
for other areas.  The design minimum outside airflow rate for the entire building was estimated 
based on the building areas described in the User Manual.  The estimated outside airflow rate is 
75,000 cfm for the entire building.  Based on a ventilation rate of 20 cfm/person, this would 
correspond to a maximum building occupancy of 3,750 people. 
 
More detailed analysis using available design data was performed on air handlers AHU 1 – 4 
(serving the building core) and air handler AHU 9 (serving the basement).  The results of this 
analysis are included following this ECM description.  AHU 1 – 4 serve a total area of 262,175 
ft2.  The design minimum outside air for these air handlers is 53,107 cfm, which corresponds to 
a building occupancy of 2,655 for the building core areas.  The minimum outside air ventilation 
rate can be reduced based on occupancy of 200 ft2 per person (50% of occupant load factor 
specified for emergency exit requirements).  The allowable number of occupants would be 
1,311 with a minimum outside airflow of 26,218 cfm.  This represents a reduction in the design 
outside airflow rate of a factor of 2. 
 
Similarly, AHU 9 serves an area of 56,590 ft2 with a design minimum outside are flow rate of 
11,320 cfm.  The revised occupancy based on 200 ft2/person is 283 people with a minimum 
outside airflow of 5,659 cfm.  This also represents a reduction in the design minimum outside 
air by a factor of 2. 
 
Based on the above analysis, the minimum outside airflow for the building can be reduced by a 
factor of 2.  For the entire building, this would correspond to an outside airflow of about 37,000 
cfm and a maximum building occupancy of 1,850 based on 20 cfm/person. 
 
Reducing the minimum outside air can provide energy savings due to both decreased fan power 
and reduced cooling or heating of outside air.  The most significant energy savings are available 
in building areas that are subject to over-cooling.  For example, many areas of the basement 
are over-cooled even when primary air from the air handler is reduced to the minimum set-
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point.  Some terminal boxes are equipped with electric heaters to reheat the supply air to the 
areas to alleviate this over-cooling.  Reducing the minimum primary (outside) air supplied to 
these areas will reduce primary air cooling and subsequent supply air reheating.  Because the 
air handler supply and return fans are equipped with variable frequency drives (VFDs), fan 
energy savings can be realized as well. 
 
Unlike many HVAC systems that condition building return air through the air handlers, the air 
handlers serving the basement and building core areas of the building only condition outside 
ventilation air.  Re-circulated air is processed through the terminal boxes located in the building 
spaces.  The intent of this system is for the air handlers to process a smaller volume of air 
compared to a typical system, and to meet the cooling demand by cooling this smaller volume 
of air to a lower temperature than in a typical system (e.g. 49° vs. 55°F in a typical system).  
Cooling of each space in the building is controlled by a damper in the primary air supply duct to 
each terminal box.  If the box is equipped with a cooling coil, additional cooling and 
dehumidification can be provided at the box.  If the box is equipped with an electric heater, the 
supply air from the box can be reheated if needed to control the space temperature and 
humidity. 
 
A review of the HVAC operation during SES’ site visit in the summer of 2003 indicated the 
following: 

1. Most of the electric heaters in the basement terminal boxes show significant operating 
time indicating that the spaces are receiving too much cooling from the primary air 
supplied by the air handler.  Primary air to these boxes is typically being controlled to 
the minimum air set-point.  Outside air ventilation supplied to the basement is higher 
than needed based on the current building occupancy.  Reducing the minimum airflow 
set-point of the primary air to each box can reduce the over-cooling.  This will provide 
significant energy savings due to reduced air handler supply and return fan power, 
cooling of outside air, and electric reheating.  Over-cooling can also be reduced by 
resetting the primary air temperature to a higher temperature, but this would reduce 
dehumidification of the outside air. 

2. Terminal boxes served by AHU 1 – 4 show less electric reheating.  Most of these boxes 
have primary air flow rates that are above the minimum set-point indicating that the 
cooling demand is being maintained by the primary air.  Lowering the minimum primary 
air set-point for these boxes will not be effective because the primary air is needed for 
cooling.  The air handlers serving these boxes use the run-around coil to reheat the 
primary air from about 46°F to 52°F.  Rather than reheating the primary air, it would be 
preferable to supply the colder primary air to the terminal boxes.  This will allow the 
amount of primary air to be reduced, resulting in lower fan power and lower cooling of 
outside air.  Alternately, the temperature of the chilled water provided to the terminal 
cooling coils could be lowered to increase cooling capacity.  However, this would 
introduce the potential for condensation of moisture on the coils in the terminal boxes. 

3. A few of the terminal boxes have erratic temperature readings in the EMCS, probably 
due to sensors out of calibration or broken wiring. 
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A summary of findings of the terminal box primary airflow rates and electric heater operation is 
included in following this ECM description. 
 
The proposed ECM consists of reducing the primary air supplied to AHU 1 - 4 and AHU 9 by the 
following modifications to the control system: 

• Reduce the supply air temperature of the primary air from 49 to 44°F.  This will allow 
cooling loads to be satisfied with less primary air flow, 

• Reduce the minimum primary air flow rate set-point of the terminal boxes.  This will 
minimize over-cooling of the spaces and will reduce energy lost with electric reheating. 

 
The primary air passing through air handlers is cooled by the chilled water coil and then 
reheated to the supply temperature by the run-around coil.  Currently, the typical supply air is 
reheated to a temperature of 49°F.  Modifications as part of this ECM involve changing the set-
point in the energy management system that controls the operation of the run-around coil to 
reduce the supply air temperature to 44°F.  With a lower primary air temperature, less primary 
air-flow will be required to meet the cooling demand of the zones. 
 
In addition, the set-points for the minimum flow of primary air to each terminal box will be 
reduced.  This will allow a reduction in primary air flow to the zones when they do not need 
cooling and will reduce the need for electric reheating.  A nominal value of 50% will be used for 
the reduction in the minimum air flow set-point.  During detailed design, the setting for each 
terminal box will be assessed in terms of the occupancy and cooling demand of the space.  
Based on the energy savings calculations using actual building operating data, it is expected 
that the overall air flow will be reduced by 26% for AHU 1 - 4 and AHU 9.  Further reductions 
would not allow the cooling demand to be met. 
 
SES assumes these tasks could be accomplished mostly by varying set points in the EMCS.  It 
requires a system engineer, a programmer for the EMCS, and very limited use of a mechanic 
(e.g. up to 80 hours) to adjust the internal of the AHUs.  Should broken systems or components 
are found during the course, SES will report to SSA/GSA before proceeding to the next steps.  
SES has limited budget for repairing and calibrating up to 30 flow/temperature sensors in the 
existing terminal FCUs, provided that they are reusable.  It would be SSA/GSA’s responsibility to 
replace these items, and fix other broken equipment/components discovered in the course, 
such that SES may continue and complete the tasks in the scope without significant 
remobilization. 
 
During the detailed design phase, SES will coordinate the design of this ECM closely with 
SSA/GSA.  SES acknowledges the potential for two approaches based on conforming with 
ASHRAE Standard 62 or Standard 55.  Both Standards will be evaluated to determine which 
method is best suited for the building.  
 
This ECM will provide energy savings from the following sources: 

• Reduced cooling of outside air, 
• Reduced fan energy for the air handler supply and return fans, and 
• Reduced electric reheating at the terminal boxes. 
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Location Affected: 
This ECM involves changes to the set-points in the energy management system of the supply 
air temperature and minimum outside air set-points.  Equipment affected are the run-around 
coils in the air handlers and the terminal boxes.  Most of the physical work is in the control 
room and the basement mechanical rooms. 
 

Interface with Government Equipment: 
This ECM involves modifications to the energy management system.  No equipment changes or 
new interfaces will be required. 
 

Proposed Equipment Identification: 
No new equipment will be installed as part of this ECM. 
 

Physical Changes: 
Physical changes involve reduced supply air temperature and reductions in primary air flow. 
 

First Year Energy Savings: 
Estimated energy savings from reducing the outside air is as follows: 
 

Electric energy savings: 286,479 kWh  
Energy cost savings: $29,199 per year. 

 
Detailed energy savings calculations are shown following this ECM description. 
 
Estimated savings are based on evaluating the operation of existing AHUs (1 through 4 and 9) 
vs. the proposed system operation using spreadsheet calculations.  Detailed data obtained from 
the existing energy management system were used to characterize the operation of the HVAC 
systems.  The following steps were used in the savings calculations: 

• First, EMS data were collected for those AHUs and their terminal boxes at different 
hours of the day and outside weather conditions.  The current air flows and set-points 
from the energy management system were compared to the design data from the as-
built mechanical plans.  Operating data of the electric reheat coils were documented.  
The proposed reduction in primary air (outside air) was confirmed to meet minimum 
ventilation code requirements. 

• Second, the impact of reducing the primary air supply temperature was evaluated in 
terms of the air-flow requirements for each zone. 

• Third, the impact of changing the supply air temperature on the operation of the run-
around coil, the enthalpy wheel, and heat recovery in the air handler was assessed. 

• Fourth, the impact of the reduced air-flow due to the lower supply air temperature and 
the impact of reducing the minimum air flow set-points were evaluated.  This included 
the impacts on supply and return fan energy, cooling of outside air, impacts on heat 
recovery by the enthalpy wheel, and electric reheat.  It is expected that the reduced 
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primary air will largely eliminate electric reheat.  To be conservative, a reduction of 30% 
in electric reheat was assumed in the energy calculations. 

 

Utility Interruptions: 
No utility interruptions will be required to implement this ECM. 
 

Agency Support: 
Agency support that will be required will include review of the final design of the modifications, 
assistance during implementation of the changes to the energy management system, and 
assistance during commissioning. 
 

Potential Environmental Impact: 
This ECM will provide environmental benefits related to reducing energy use. 
 

ECM Project Schedule: 
The project schedule including implementation of this ECM is included in Appendix B. 
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ECM No. 6:  Install Variable Speed Drives on Secondary & Tertiary Chilled 
Water Pumps 

Detailed Description of ECM: 
The existing chilled water distribution system includes the following loops: 

• Ice water, 
• Secondary chilled water, and 
• Tertiary chilled water. 

 
These loops supply chilled water to coils in the air handlers and FCUs in the building.  Chilled 
water is supplied by primary chilled water loops that pass through the glycol and chilled water 
chillers.  All of the pumps serving these loops currently operate at constant speed and supply a 
constant volume of chilled water to the distribution loops.  Three-way valves are used at most 
of the larger coils to throttle the supply water and direct the un-used water back to the return 
headers.  The cooling flows are especially excessive because they were designed to support a 
building occupancy that is about double the actual occupancy. 
 
The secondary chilled pumps can be converted to variable flow operation by the addition of 
variable frequency drives (VFDs) and replacement of the three-way valves with two-way valves.  
The chilled water circulated through the distribution loops will be reduced to match the cooling 
loads.  This ECM will provide energy savings due to reduced energy used by the secondary 
chilled water pumps. 
 
Reducing the secondary chilled water pressure and flows will provide additional benefits related 
to the operation of the chilled water control valves.  Symptoms of poor system performance 
that have been observed include the following: 

• Some zones in the basement are too cold, possibly due to high chilled water pressure or 
failure of the chilled water thermal control valves to close tightly. 

• High use of reheat in some FCUs results in increased energy use for electric and hot 
water reheat. 

• Acoustic noise occurs on some automatic balancing valves (manufactured by Griswold), 
apparently due to interactions with the thermal control valves on the interior zone FCUs. 

 

 IWP-1, 2 & 3 Foreground CHP-4, 5 & 6 SCWP-1, 2 & 3 
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The reduction of chilled water pressure and flow rates in the secondary loops is expected to 
help alleviate the above problems in addition to saving energy. 
 
The scope of work includes the following: 

• Install three 25 HP VFDs on chilled water booster pumps CHP-4, 5, & 6; convert up to 
seven thermal control valves from 3-way to 2-way on AHU-5, 6, 7, 8, 9, 11 & 12.  Install 
one differential pressure (DP) sensor downstream of the farthest major load to provide 
VFD/Pump ramping and staging input. 

• Install three 30 HP VFDs for secondary chilled water pumps SCWP-1, 2, & 3.  The 
existing control valves are two-way valves and thus replacement of these valves is not 
required.  Reuse the existing differential temperature (DT) sensor on the headers to 
provide VFD/Pump ramping and staging input and optimize the controls algorithm for 
staging of the pumps. 

• Install one 7.5 HP VFD for the North Perimeter pump P-9A, which serves 25 groups of 2-
pipe FCUs with B&G circuit setters.  For cooling mode:  convert one chilled water 
thermal control valve to fully open/close from modulating to maintain constant supply 
temperature; reuse existing DT sensor to control the new VFD.  For heating mode:  
provide DT signal from two existing temperature sensors. 

• Install one 10 HP VFD for the South Perimeter pump P-9B, which serves 25 groups of 2-
pipe FCUs with B&G circuit setters.  For cooling mode:  convert one 4” chilled water 
thermal control valve to fully open/close from modulating to maintain constant supply 
temperature; reuse existing DT sensor to control the new VFD.  For heating mode:  
provide DT signal from two existing temperature sensors. 

• Install three 15 HP VFDs for Ice Water pumps IWP-1, 2 & 3; convert four 4” thermal 
control valves from 3-way to 2-way for AHU-1, 2, 3 & 4.  Install one differential pressure 
(DP) sensor downstream of the farthest major load to provide VFD/Pump ramping and 
staging input. 

• For all VFD groups above, adjust the existing loop header bypass control valve 
accordingly; add VFD status display in the existing EMCS. 

• All VFD units will be provided with hand-off-auto switches and power line harmonic 
filters. 

• VFDs are to be wall-mount, and installed within 20 ft from the corresponding pumps.  
The replaced starters will be de-energized and abandoned in place. 

• For 3-way valve to 2-way valve conversions, SES may choose the most cost-effective 
methods, such as adding block valve, disabling one of the 3 valve ports, or closing one 
of the existing isolation valves, etc. 

 

Location Affected: 
Locations affected will be the secondary chilled water pumps for the ice water, secondary 
chilled water, and tertiary chilled water pumps.  The VFDs to be installed will be wall mount or 
free standing, and installed next to the pumps.  All affected pumps are located in the basement 
chiller room.  All affected 3-way valves are in the mechanical rooms on the AHUs. 
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Interface with Government Equipment: 
Modifications associated with this ECM include the installation of VFDs on the existing pumps, 
conversion of three-way valves to two-way valves, installation of differential pressure and 
differential temperature sensors, and modifications to the existing energy management system.  
The VFDs and sensors will be interfaced with the existing energy management system to 
control the operation of the pumps and VFDs.  The new DP sensors will be inserted into piping 
systems on various locations and floors at the end of the distribution loops. 
 
This ECM will alleviate chilled water over-pumping and contribute to the resolving of operating 
problems to be addressed in ECM No. 2, Griswold Automatic Balancing Valve Re-commissioning. 
 

Proposed Equipment Identification: 
The new VFDs will be UL listed, manufactured by ABB, Square-D, or equivalent.  Catalog 
information for the VFDs is included following this ECM description. 
 

Physical Changes: 
All VFDs will be wall mount or free standing, next to the pumps serviced.  The output signal is 
4-20mA routed to the nearest multiplex communication box to connect to the existing EMCS.  
The new DP sensors will be inserted into piping systems on various locations and floors far 
away from the associated pumps.  Hot tapping may be used where isolation valves are not 
available. 
 

First Year Energy Savings: 
Estimated energy savings from the VFD pumping retrofit is as follows: 
 

Electric energy savings:  136,028 kWh  
Energy cost savings: $19,224 per year 

 
Estimated savings are based on separate evaluation of the existing chillers load profiles for the 
glycol and CHW systems.  The new VFDs will be tracking the cooling or heating loads.  Pump 
affinity laws using a power of 2.5 are used to calculate the pumping energy proportional to the 
cooling loads.  Safety factors 1.75 and 1.25 were applied to the CH-1/2 and CH-3/4 systems, 
respectively, to account for hydraulic limitations, reheat required, and the demand diversities. 
 

Utility Interruptions: 
Brief outages are needed to install VFDs and some new sensors on chilled water piping in the 
tenant areas.  These can be done during unoccupied time. 
 

Agency Support: 
Agency support is required for coordination of the construction activities, support during the 
modifications of the controls and energy management system, and system commissioning. 
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Potential Environmental Impact: 
This ECM will provide environmental benefits related to reducing energy use. 
 

ECM Project Schedule: 
The project schedule including the implementation of this ECM is included in Appendix B. 
 

Supporting Information: 
See the information following this ECM description for detailed energy analysis. 
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ECM No. 7:  Install 260 kW Cogeneration Unit 
ECM No. 8:  Replace Boilers with One New Steam Boiler 

Detailed Description of ECM: 
This section addresses changes to the boiler plant that will increase overall plant energy 
efficiency and provide the Hagel Building a source of electrical power generation.  ECM-7 
involves installation of single 260 kW cogen unit and interconnection with the space heating and 
domestic water heating systems.  ECM-8 involves removing the two existing boilers and 
replacing with one new steam boiler.  These ECMs are described together in this section.  
However, each ECM has been priced individually along with a unique energy savings estimate.  
The boiler energy savings were calculated assuming the cogen project will be installed. 
 
Existing System 
The Hagel Building currently has two Kewanee fire-tube steam boilers rated at 6,900 pound per 
hour (output) operating at 15 psig (low-pressure).  These boilers are over 30 years old and 
serve the following loads: 

• Space-heating, 
• tepid hot-water (showers, faucets, etc), and 
• domestic hot-water (cafeteria kitchen)  

 
Originally these boilers also supplied steam equipment in the kitchen and absorption chillers for 
cooling which have since been removed.  This results in the boilers being oversized for today’s 
heating load. 
 
In addition to the two existing steam boilers, one Teledyne-Laars hot-water boiler of 972,000 
Btu/hour (output) capacity, also known as the “pony boiler”, serves the tepid water loop and is 
primarily operated after-hours only for tank temperature maintenance. 
 
The domestic (kitchen) and tepid (showers/faucets) hot water systems are currently 
independent loops.  Each system has a hot water tank, in which an immersed steam-to-hot-
water heat exchanger satisfies each loop’s heating needs.  The kitchen hot water tank (750 gal) 
is maintained at 140°F.  The tepid water tank (500 gal) is maintained at 160°F and blended 
down after tank discharge to 120°F for distribution.  The 160°F tepid tank temperature insures 
that legionella bacteria do not develop in this system.  As an additional backup domestic water-
heating source, two electric boilers are connected with the hot water storage tanks dedicated to 
the tepid and domestic water loops. 
 
Figure 1 below provides a simple schematic of the current heating system configuration. 
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Figure 1:  Existing Heating System Layout 
 
 
Downsizing Opportunity to Reduce Heating System Capacity 
Since the kitchen steam equipment and absorption chillers have been eliminated, the overall 
heating demand has been reduced and direct utilization of steam no longer exists.  All current 
and future need for heating in the building is in the form of hot water generated via steam heat 
exchangers.  SES evaluated two options for retrofitting the existing boiler plant: 
 
Boiler Alternative 1:  Replace Existing Steam Boilers w/ New Hot Water Boiler System 
 
Boiler Alternative 2: Replace Existing Steam Boilers w/ New Steam Boiler Only 
 
Although Alternative 1 is preferred since slightly greater energy savings and lower operating 
cost would result, this option’s capital cost would require additional capital contribution from the 
SSA/GSA or allow inclusion of operating cost savings into the financial analysis.  The hot water 
scenario would reduce heat exchanger maintenance, steam trap maintenance, steam venting, 
boiler blowdown and other thermal losses associated with the larger surface area and higher 
operating temperatures.  SES does not endorse Alternative 1 for first-cost and payback reasons 
only. 
 
Alternative 2 is lower capital cost since only the boilers are removed and replaced with a new 
single steam boiler of smaller capacity.  All other existing steam distribution system is left intact.  
A new boiler of a size more appropriately matched to the building’s thermal demand will be 
more efficient and reduce boiler maintenance, thus providing benefit. 
 
Given the need to replace the existing boilers, it is a convenient time to convert the entire plant 
to a hot water system (Alternative 1).  SES wishes to explore possible ways to implement 
Alternative 1 in lieu of Alternative 2 during final negotiations.  However, Alternative 2 is the 
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recommended option for cost and overall program payback reasons only.  For the purpose of 
this proposal, Alternative 2 is the option included in the financial model presented herein. 
 
 
ECM-7 Description:  Add 260 kW Cogeneration Unit  
SES proposes a comprehensive thermal heating system revision, designed around one 260 kW 
cogeneration reciprocating engine.  This engine will supply 260 kW of electricity and deliver 
over 1,100,000 Btu/hr of 188°F water for building space and water heating.  The engine 
heating hot water supply will directly interconnect with the building’s space heating distribution.  
A branch line will also serve a double-wall heat exchanger interconnected with the domestic 
water loop.   
 
The existing tepid and domestic water storage tanks will be interconnected to unify the overall 
domestic storage system.  After renovation is complete, the domestic storage system will 
maintain a setpoint of 160°F but will be capable of re-setting to a higher temperature between 
170° to 175°F depending on the availability of cogenerated waste heat.  The additional hot 
water thermal storage capability will boost cogen heat recovery and decrease energy demand 
during the morning warm-up cycle. 
 
The tepid water loop will remain separate from the domestic water loop, each having a 
thermostatic mixing valve regulating supply temperatures.  The tepid water loop service will 
remain at 120°F and the domestic water distribution at its present temperature of 140°F (both 
after blending). 
 
With the addition of the cogeneration unit, the Hagel Building will have one additional source 
for generating domestic hot-water increasing system flexibility and reliability.  Table 1 below 
summarizes the domestic water heating sources and proposed operation. 
 
 

 Heat Output Available 
for DHW Heating Duty 

Pony Boiler 972,000 Btu/hr Primary Heating Source 

Cogen Waste Heat 0 to 1,100,000 Btu/hr Primary or Secondary Source 
Depending on Waste Heat 

Availability 

Steam Boiler 3,600,000 Btu/hr Primary Backup 

Electric Boilers 100,000 Mbtu/hr Secondary Backup 
 

Table 1: Post Cogen/Boiler Retrofit DHW Heating Sources 
 
 
ECM-8:  Steam Boiler Retrofit 
In addition to the cogen system, a new 3.6 MBTU space heating steam boiler is proposed to 
serve the buildings space heating system and supplement the domestic water heating as a 
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primary backup.  This boiler will be of low-NOx design and is sized to meet the building’s peak 
heating demand. 
 
Figure 2 below provides a simple schematic of the proposed heating system configuration after 
implementation of ECMs 7 and 8. 
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Figure 2: Proposed Cogeneration / Boiler Retrofit Schematic 
 
 
Equipment Thermal Output 
The proposed renovation plan has considered the building loads and was designed to the 
criteria: 

• Satisfy the building’s peak space heating and water heating needs 
• Maximize cogeneration waste heat utilization 
• Minimize investment in new boiler equipment 
• Provide appropriate redundancy and operational flexibility 

 
The proposed retrofit will provide adequate thermal output to meet the building’s heating 
needs.  Table 2 below provides a summary of equipment, peak thermal output, and heating 
service. 
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  Heating Service 

Heating 
Equipment 

Peak Thermal 
Output (MBtu) 

Space 
Heating 

DHW / 
Tepid 

B-1, Space Htg. Boiler 3,600 X  

B-2, Pony Boiler 972  X 

CG-1, Cogen Unit 1,100 X X 

EB-1, Electric Boiler 100  X 

EB-2, Electric Boiler 100  X 

1,250 Gallon HW Storage* 1,190  X 

* thermal capacity when stored hot water is 175°F supplied with 60°F makeup water 
 

Table 2: Post Retrofit - Heating Equipment Output & Service 
 
 
Building Heating Load Analysis 
Hourly boiler plant gas consumption data were obtained from the building’s Alerton EMS system 
for a one-year period from September 2002 through August 2003.  Matching this information 
with the actual natural gas bills, monthly thermal load profiles were developed.  Figure 3 
provides an example of January 2003’s total building heating system demand.  Figure 4 follows 
below and shows how the cogeneration waste heat contribution will lower the resulting load on 
remaining boilers.  Graphs for each month of the entire year are shown in following this section. 
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Figure 3:  24-Hour Thermal Load Profile by Day for January, 2003 
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Jan 2003 - 24 Hr Thermal Load-By Day of Week
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Figure 4:  24-Hour Thermal Load Profile by Day for January, 2003 with Portion of 
Load Met by Cogen Waste Heat 

 
 
Figure 3 shows that the total heating demand is approximately 3,500 MBH.  Each day for about 
one hour the peak heating demand occurs at system start-up which typically ranges between 
3,000 to 3,500 MBH.  This morning “warm up” is suspected to be associated with the large 
energy input required to warm the “cold” steam system to the steam point.  The relatively large 
thermal mass due to stored condensate in the oversized boiler, piping and condensate tank 
contributes to the morning “spike”.  The new smaller boiler size will store a smaller volume of 
condensate and should result in a lower morning startup demand.  
 
As Figures 3 and 4 demonstrate, the daily warm-up cycle is complete between 7 to 8 a.m. 
which is the time building occupancy starts.  The load for the remainder of the day then 
typically ranges between 1,000 to 2,000 Mbtu per hour until late afternoon. 
 
Cogeneration & Boiler System Sizing & Operation 
The size of the cogeneration system was sized to maximize the utilization of waste heat.  SES 
proposes to operate the cogeneration system from 5 a.m. to 7 p.m. each weekday, and from 7 
a.m. to 3 p.m. on Saturdays which matches closely with building’s heating load profiles 
(reference Figures 3-4 and graphs following this section). 
 
Engine heat will predominantly supply space-heating needs during the start-up period.  As 
occupancy begins and domestic water loads increase, the cogen waste heat can serve either 
the space heating, domestic/tepid water heating systems. 
 
The cogen unit includes a self-contained radiator system to dump excess waste heat.  The 
system will feature a duct that will allow the excess heat to be vented outdoors. 
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Electric energy savings will be realized by the offset of 260 kW of electric load for approximately 
4,000 hours per year.  This operation also assumes that the units do not run for 7% of these 
operational hours for unscheduled maintenance. 
 
The proposed replacement steam boiler will provide 3,105 lbs of steam per hour, or 
approximately 3,600 MBtu per hour peak output, and was sized to handle the assumed peak 
building demand of approximately 3,500 MBtu.  The peak load for the entire building was based 
on one year of gas consumption data as described above.  Since domestic water heating can be 
provided by the pony boiler, all or a portion of cogen waste heat, the resulting space heating 
demand seen by the steam boiler is likely lower than 3,500 MBtu.  Since the cogen waste heat 
will be available during the early morning hours, actual demand on the steam boiler will 
typically be in the 2,500 Mbtu range. 
 
Natural gas energy savings will occur from two sources; 1) gas consumption offset by the 
recovered heat from the cogen, and 2) improved system efficiency with a smaller steam boiler.  
The overall plant gas consumption will actually increase due to cogeneration fuel consumption, 
but be more than offset by the savings in electricity. 
 
Cogen System Control, Operations Optimization & Monitoring 
The following information summarizes key points associated with the proposed cogeneration 
project: 
 

 Automated Controls:  The Bluepoint control system can automatically load follow and 
start-stop based on preset limits and optimization sequences based on site operating 
conditions.  The control platform is based on the Encorp GPC (Generator Protection and 
Control) module.   This device is located on the unit and allows for either standard 
operation or configured for special operations.  Its primary function is to handle the 
engine cranking (the features that tell the starting motor to crank and for how long; 
when to terminate; when to try again on an unsuccessful start, etc.), control of engine 
safeties or protection devices, synchronizing to the grid, local electrical protection 
functions, and generator Power Factor and Loading control.  The system has both 
automatic (programmable) with manual override capability.  The cogeneration system 
will be set up for automatic operation. 

 Optimization Algorithms: SES has studied the Hagel building’s heating load profile and 
have proposed a start/stop schedule to correspond with the building’s heating schedule 
in order to optimize utilization of waste heat.  The Bluepoint system has the capability to 
program optimization logic.  During the detail design phase, SES will finalize the exact 
initial control sequence to be programmed.   For example, if the Building’s heating 
system is enabled to begin at 5 a.m., the engine start-time will be scheduled a few 
minutes in advance.  The engine will be prioritized as the lead heating equipment and 
the boilers secondary to provide supplemental heat required. However, during the 
daytime, the engine will be operated at 100% capacity to maximize electricity 
production during the PG&E peak electrical periods.  Since the on-peak period extends 
to 6pm M-F which is approximately the same time the building is shut-down, it is then 
prudent maintain operation until this point. 

 Sequence of Operations: The energy savings are derived based on specific start/stop 
time for the engine which will be programmed.  The normal operating time is 5 a.m. to 
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7 p.m.  M-F and 7 a.m to 3 p.m. on Saturdays.  The engine will not operate on Sunday.  
The sequence of operations is essentially a schedule driven start-stop command.  
TheCHP waste heat will provide the primary source of thermal energy to the domestic 
and space heating system.  If waste heat is not adequate to meet building demand, the 
boiler(s) will then fire to provide supplemental heat.  During the periods where CHP 
waste heat exceeds building demand, a heat dump radiator contained in the CHP 
package will activate.  This heat will then be ducted outdoors and discharged. 

 Monitoring:  Remote monitoring is included via the internet and/or phone line 
communication with automatic alarm notification.  The local building staff will not be 
required to oversee monitoring. 

 
The Scope of Work for ECM-7 is as follows: 

 Install one (1) 260 kW cogeneration engine skid mounted unit.  Each packaged cogen 
system shall include exhaust silencer, exhaust heat recovery unit, catalytic converter, 
and all hookups for utilities including products of combustion and excess waste heat 
exhaust. 

 Install piping connecting engine hot water supply and return ports to the building’s 
heating hot water distribution at a point of connection at the end of the existing header 
adjacent to the steam to hot-water heat exchangers currently in place. 

 Install one external double-wall heat exchanger (HX) for supplying the domestic hot 
water loop.  Piping to and from this new HX leading to the domestic hot water tanks will 
provide a loop for heating domestic water.  A small fractional horsepower pump will be 
installed to circulate water between the tanks and HX. 

 Unify the tepid and domestic water heating storage tanks by installing a common return 
and supply piping header.  However, the existing tepid loop and domestic loops internal 
to the building will remain as is.  Hot water supplied from the common storage system 
will enter each loop and mixed by thermostatic mixing valves to the appropriate 
temperature required. 

 Both ventilation and combustion supply air shall be entrained through the louvered 
openings in the side of the boiler room from the outside.  The combustion exhaust and 
the shroud ventilation exhaust shall be ducted through the existing architectural column 
designated the existing architectural drawings.  This column shall be come a fire rated 
shaft, penetrating the first floor.  The ducts shall travel from the boiler room to the roof 
by means of this column. 

 The cogen package includes an integrated waste-heat dump radiator.  A new duct will 
be installed between the engine and intake louver and during periods of low waste heat 
demand, excess heat will be vented outdoors. 

 Electrical interconnection with the building’s electrical distribution including interface 
with PG&E and Rule 21 compliance. 

 Equipment startup and commissioning 

 Air quality permitting and paperwork associated with securing utility incentives. 

 Additional monitoring points as described in the M&V section will be added to existing 
EMS system.  The proposed cogen control system will interface with the EMS for 
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monitoring purpose only.  A phone line connection to permit external monitoring of 
cogen operation will be required and shall be provided by SSA. 

 
The Scope of Work for ECM-8 is as follows: 

 Disconnect existing utilities serving the two existing steam boilers 

 Demo existing boilers and utility connections as required 
 Install new 90 HP, gas-fired, low-pressure, low-Nox steam boiler on the housekeeping 

pad of original Steam Boiler #1. 

 Re-connection of all utility services including connection to flue 

 Startup and commissioning 
 

Location Affected: 
This ECM will affect the boiler room and some of the immediate area adjacent to the domestic 
water storage tanks.  The majority of work will be completed during normal business hours.  
SES will require a shutdown of the space heating system during the period of interconnection.  
This will also result in downtime of the HVAC’s reheat capability.  SES has assumed this work 
can be done during business hours and planned during a period of no or relatively low space 
heating demand.  The interconnection with the electrical distribution and domestic water 
system requiring potential interruption of service will be performed after-hours. 
 
SES may require “hot-tap” of existing piping to perform its plumbing interconnection work.  SES 
will coordinate with SSA in advance to determine if alternate connection approaches are 
feasible.  Where hot taps are required SES will complete a system flush-out of the subject 
piping system after completed.  This work may require additional system downtime. 
 

Interface with Government Equipment: 
Interface with the space heating, tepid water, and domestic hot water systems are affected.  
Also affected is the electrical panel where interface between the cogeneration and the building’s 
power feed occurs.  Additional points will be added to the site’s Alerton IBEX energy 
management system, and new programming of the system will occur.   
 
SES understands SSA’s requirements for periodic “boil-outs” of the tepid water system.  Based 
on available anecdotal information of the process, SES believes future heating equipment will 
provide adequate capacity to support this process.  During the detailed design phase SES will 
seek to better understand SSA’s process and thermal loads associated with this process.  If SSA 
chooses to operate the cogen after-hours to utilize available waste heat for this process, any 
impact on M&V will be disregarded. 
 

Proposed Equipment Identification: 
The equipment proposed includes the following: 
 
CG-1 (Cogeneration Unit) – Bluepoint 260 kW each – 1,100 Mbtu of waste heat or equivalent 
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B-1 (Boiler) – 90 HP, or approximately 3,600 Mbtu, Low-Nox, Low-Pressure Steam Boiler by 
Parker or equal 
 
Heat Exchangers:  HX-3 (Domestic Hot Water) Double-Wall Shell and Tube 
 

Physical Changes: 
The physical changes will include the removal of the present boilers and the installation of the 
new cogeneration unit, double-wall heat exchanger, and the reconfiguration of domestic water 
storage system.  This includes placing the existing “pony” boiler supply in parallel with the new 
heat exchanger HX-3 to serve both tepid and domestic (kitchen) hot water loops. 
 
Additionally, new points will be added to the existing Alerton IBEX energy management system 
at the site.  This ECM will require SSA to provide a phone line in order to permit remote 
monitoring of the cogeneration system. 
 

First Year Energy Savings: 
Estimated energy savings from the cogeneration/boiler retrofit are as follows: 
 

Savings Category ECM 7:  Cogen ECM 8:  Boiler Total 

Electric Energy 1,066,338 kWh N/A 1,066,338 kWh 

Electric Cost $120,365 N/A $120,365 

Gas Energy (79,903) 3,914  (75,989) 

Gas Cost $(27,230) $3,130 $(24,100) 

Operational Cost Avoidance 
(Maintenance & Repair) 0 $3,500 $3,500 

Net ECM $ Savings $93,135 $6,630 $99,765 
 
 
Estimated savings are based on calculations from a Baseline of energy use and a Post retrofit 
energy use based on the new equipment.  The following steps were taken to develop the 
energy savings: 

• The boiler gas EMS hourly logs for the months of September, 2002 through August, 
2003 were extracted.  Additionally, the actual gas bill therms for these months were 
reviewed.  These two sources help to develop a thermal use profile by day and by 
month (the monthly by day profiles are presented following this ECM). 

• From these thermal use profiles, it was determined that, by using the 260 kW 
cogeneration unit that waste heat would be almost completely used for the majority of 
daytime operating hours.  The 260 kW output is far below the minimum electric demand 
of the building which has been documented in the past to not diminish below 500 kW. 

• Based on the manufacturer’s kW output and waste heat production, and the previously 
mentioned hourly thermal load curves, an optimized cogeneration operating strategy 
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was developed.  The operation involves the unit running at maximum output from 5 AM 
through 7 PM, Monday through Friday, and Saturday from 7 AM to 3 PM.  This allows 
most thermal waste heat to be utilized, while also completely utilizing the electric 
production. 

• Baseline energy then becomes the electric production and the boiler gas that the 
cogeneration units offset.  Retrofit energy is the offset electric usage, and the net gas 
usage from cogeneration gas used minus boiler gas saved. 

• Electric rate used is PG&E rate E-20S (Secondary). Gas Rate for boiler used is PG&E rate 
GNR-1.  Cogeneration rate includes PG&E rate GNR-1 for Procurement cost and G-EG for 
Transmission cost.  As these gas rates vary each month, an average rate for both the 
boiler gas and the cogeneration gas was developed and used in the savings. 

 

Utility Interruptions: 
Utility interruptions will be limited to non-working hours and should be of no more than a few 
hours duration.  SES acknowledges SSA’s annual electrical shutdown schedule and will closely 
coordinate potential electrical shutdown requirements in advance.  During the detailed design 
phase, potential shutdowns requirements will be identified and equipment procurement and 
construction sequencing will be planned accordingly.  SES will sequence actual shutdowns 
during SSA’s planned outages which are understood to occur four times per year. 
 

Agency Support: 
Agency support during construction is limited to scheduling and coordination of the work on the 
cogeneration, boiler, hot water storage tank, and EMS interface and programming. 
 

Potential Environmental Impact: 
Reduced procurement of utility grid electricity and utilization of engine waste heat will improve 
overall thermal efficiency as compared to traditional power plant generation and boiler 
combustion for heating.  In turn, energy efficiency improvement will reduce power plant and 
local boiler emissions.  There will be added site usage of natural gas due to the cogen, and a 
site review may be necessary to assess if the added consumption will be neutral in terms of 
added site pollution. 
 

ECM Project Schedule: 
The project schedule including the implementation of this ECM is included in Appendix B. 
 

Supporting Information: 
For savings calculations, see the supporting documents following this ECM description. 
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ECMs Evaluated But Not Recommended 

1. (Formerly ECM #1 in DRAFT DES) Convert from Secondary to Primary Electrical 
Service:  This ECM is no longer considered due to the dramatic increases in copper, steel 
commodity prices which in turn increased the overall cost of this project and is no longer 
cost effective.  This ECM also involves considerable construction unknowns since the 
equipment is currently owned by PG&E, and PG&E will not clearly define their costs until full 
engineered drawings are completed. 

2. (Formerly ECM #4 in DRAFT DES) Install Variable Speed Drives on Chiller No. 1 and 
Chiller No. 3:  This ECM is no longer proposed due to economic reasons. 
 
The existing cooling plant consists of four constant speed centrifugal chillers with a 
combined cooling capacity of 1,940 Tons.  There are two chilled water chillers (CH-1 and 
CH-2) with a capacity of 500 Tons each, and two glycol chillers (CH-3 and CH-4) with a 
capacity of 470 Tons each.  Chiller logs show that the building cooling load is approximately 
700 Tons in summer and 300 Tons in winter; and that normally only one chiller of each type 
runs at a time during occupied hours.  The two types of chillers serve separate loads via 
different distribution loops (chilled water and ice water loops), and thus it is necessary to 
run two chillers (one chilled water chiller and one glycol chiller) even when the building 
cooling load is within the capacity of a single chiller.  The operating chilled water and glycol 
chillers serve similar loads and thus the chillers are typically only 20-75% loaded.  This 
results in relatively inefficient chiller operation, since centrifugal chillers are most efficient 
near full load. 

3. (Formerly ECM #7 in DRAFT DES) Control Operation of Heating Hot Water Pump:  
This ECM is no longer proposed since further investigation has shown that shutting down 
the HW pumps above 65F will adversely affect the HVAC reheat system.  It was formerly 
understood most reheat is accomplished with electric heat. 

4. ECM #9:  Bypass Heat Exchangers PHE-1, 3, & 4:  This ECM was studied in detail by 
SES and is not recommended at this time, but should be further evaluated after 
implementation of the primary ECMs in this proposal. 

The existing design is to supply several levels of chilled water temperature, only as cold as 
necessary, to different air supply systems.  Accordingly, plate-and-frame heat exchangers in 
the chiller plant are utilized to separate glycol-water from chilled water and to cascade 
water temperatures to secondary and tertiary levels meeting the temperature supply 
requirements for different air-handlers.  The result is higher pumping energy associated 
with the greater pressure-head resulting from the fluid resistance provided by the heat 
exchangers.  By installing a piping bypass around Heat Exchangers PHE-1, 3 and 4, SES 
would be able reduce approximately 35 feet of head loss and reduce pumping flow by 
approximately 2,000 gpm. 

This ECM should be studied further after implementation of the primary ECMs to make sure 
the expected benefits are still possible.  This is a more technically conservative approach, 
but is prudent given the complex nature of Hagel’s air-conditioning system. 
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5. ECM #10:  Re-Pipe & Unify CHW & GW Loops:  This ECM is not recommended at this 

time pending system constraints to be fully identified after implementation of other ECMs in 
this proposal.   

The existing cooling plant has two chilled water chillers (CH-1 / CH-2) and two glycol chillers 
(Ch-3 / CH-4), and only one of each chillers are operated at a time.  Since each type of 
chiller services different cooling loads via separate distribution loops, the overall load share 
as a percentage of overall cooling demand is approximate 50/50.  This results in a part-
loading on each chiller in the 20% to 75% range depending on cooling demand.   The part-
load efficiency of the chillers are low operating in this region and would be improved if the 
chiller loading was higher.  This can be accomplished by unifying the existing two loops into 
one.  However, this ECM faces many constraints in the existing system design which must 
be carefully considered prior to implementing this ECM.  In addition, this ECM would also be 
influenced by other ECMs proposed in this study and ECM 10 above if it would be later 
implemented. 

Similar to the recommendation for ECM 10 above, SES recommends implementing the ECMs 
proposed in this study first, and then evaluate this ECM further at a later time. 

6. ECM #11:  Desiccant Cooling and Dehumidification:  This ECM would propose to 
replace the glycol refrigerated dehumidification with a desiccant-based system, and has a 
great potential of electrical energy savings.  However, this ECM is not recommended due to 
large impact on the existing design fundamentals, the plant layout, long outages, capital 
cost, and new requirement in heat source and flue gas vents to regenerate the desiccant 
wheels.  The desiccant system requires a hot stream of air to drive away moisture absorbed 
by the desiccant, which would increase natural gas consumption, or the use of waste heat 
from the cogen systems. 

7. ECM #12:  Vending Miser Controls:  This ECM would shutdown the lighting and 
refrigeration systems of vending machines during unoccupied hours.  This is accomplished 
through a system utilizing either local motion detectors and or timer controls.  SES 
recommends the SSA/GSA require the vending machine franchise contractor install these 
controls without incurring cost.  Potential savings could be more than $1,000/yr. 

 
 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 41 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 

SECTION 2.0:  ENERGY BASELINE & ECM PERFORMANCE MEASUREMENT 

Measurement and Verification Plan: 

Overview 
The purpose of performing any monitoring and verification of the installed ECMs through an 
agreed upon process1, provides the customer both a level of satisfaction that the improvements 
have been delivered and ongoing information as to their operation and performance.  
Additionally, this effort is used to assess the actual cost savings versus either some guarantee 
level or estimated savings.   
 
It is essential for the success of this program that SES and the Government agree on a mutually 
acceptable methodology for measuring and verifying energy savings that are attributable to the 
installed ECMs.  This M&V plan provides the procedures to document the energy savings of 
each of the proposed ECMs. 
 
The plan for monitoring and verifying energy savings for the proposed ECMs is based on the 
methods described in the International Performance Measurement and Verification 
Protocol (IPMVP)2.  Our approach to M&V is directly consistent with, and in compliance with, 
the IPMVP.  This protocol provides a framework for the most widely accepted and used M&V 
methods by the industry. 
 
Engineering calculations of energy and cost savings for the project are based on operating 
parameters (such as weather, temperature settings, run hours, occupancy patterns, and space 
usage) and equipment performance characteristics.  The M&V plan uses the operating 
parameters established in the baseline for all savings calculations during the term of the 
project.  The intent of the M&V plan is to verify that the ECMs installed will provide the 
expected energy savings.  Therefore, SES will collect data and related information during the 
post-retrofit period to demonstrate that the installed equipment is performing at expected 
levels.  SES is not responsible for changes in operating parameters or the impact they may have 
on savings.  The detailed M&V plan follows a separate M&V approach for each type ECM.  This 
approach allows the Hagel Building facilities management to adapt to any changes in the 
building demand and enables SES to isolate the effect of such changes to the estimated 
savings. 
 
This M&V plan requires SES having Internet or dial-up access to the appropriate building control 
interfaces. 
 
One year after the commencement date of the ECMs, SES will submit a report verifying and 
calculating the energy and cost savings for the first year.  This report will be submitted for 
facility review and approval.  SES will also conduct audit/field inspection surveys to verify the 

                                                           
1 It is essential for the success of the program that SES and Arizona Department of Administration (ADOA agree on a mutually 
acceptable methodology for quantifying the existing facilities' current energy consumption and measuring and verifying energy 
savings that are attributable to the ECMs SES installs. 
 
2 www.ipmvp.org.  
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performance of the installed ECMs on an annual basis and will submit an annual report verifying 
and calculating the energy and cost savings.  This report will include results of inspections of 
the installed equipment/systems, energy and cost savings, and recommendations to provide 
optimum energy performance.  
 
The following table lists the information concerning the M&V equipment used: 
 
 

Instrument Make 

Power Multimeter Fluke 39 

Light Meter Osram or Phillips 

Portable 
Temperature/Humidity 
Multimeter 

TSI 

Retractable Insertion Vortex 
Flow Meter Hydro-Flow Model 3100 

BTU Meter Hydro-Flow BTU-121 BTU/Energy 
Measurement System 

kW/kWH Transducers Veris Industries (H6000 SERIES) 

 
 
All permanent measurement equipment will be purchased new with a calibration certificate from 
the manufacturer.  The power multi-meter and the TSI multi-meter will be calibrated annually 
before using them in the annual inspection. 
 

General Approach to M&V 
Energy savings are determined by comparing the energy use associated with a facility or certain 
systems within a facility before and after the installation of an ECM or other measure.  The 
“before” case is the baseline.  The “after” case is the post-installation or performance period.  
Baseline and post-installation energy use measurements or estimates can be constructed using 
the methods associated with M&V Options A, B, C, and D, as described in the IPMVP.  The 
challenge of M&V is to balance M&V costs, accuracy, and repeatability with the value of the 
ECM(s) or systems being evaluated, and to increase the potential for greater savings by careful 
monitoring and reporting. 
 

M&V Options 
The IPMVP guidelines classify the M&V procedures into four categories, Options A, B, C and D.  
As shown in the table below, these options differ in their approach to the level of complexity of 
the M&V procedures. 
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M&V Option Performance Verification Techniques

Option A 
Verifying that the measure has the potential to 
perform and to generate savings. 

 
Engineering calculations (possibly 
including spot measurements) with 
stipulated values. 

Option B 
Verifying that the measure has the potential to 
perform and verifying actual performance by 
end use. 

 
Engineering calculations with metering 
and monitoring throughout term of 
contract. 

Option C 
Verifying that the measure has the potential to 
perform and verifying actual performance 
(whole building analysis.) 

 
Utility meter billing analysis-using 
techniques from simple comparison to 
multivariable regression analysis. 

Option D 
Verifying actual performance and savings 
through simulation of facility components 
and/or the whole facility 

 
Calibrated energy simulation/modeling; 
calibrated with hourly or monthly utility 
billing data and/or end-use metering. 

 
 
Option A is appropriate for ECMs that have energy use that can be readily quantified, such as 
the use of high efficiency lighting fixtures, high efficiency constant speed motors, and other 
standard engineering calculations. 
 
Option B is appropriate for ECMs that require periodic or on-going measurements to quantify 
energy use; such as the use of variable speed drives on pump or fan motors. 
 
Option C is used for ECMs for which the energy use or energy savings cannot be measured 
directly, such as building envelope modifications.  Option C is based on the use of utility meters 
to quantify building energy use. 
 
Option D is used for ECMs for which the energy use or energy savings cannot be measured 
directly, or savings for individual ECMs are heavily interdependent.  Calibrated building 
simulation is used to separate the energy savings attributable to each ECM. 
 
In general, 
 

ECM Energy Savings = Baseline Energy Use - Post-Installation Energy Use 
 
And 
 
Energy Cost Savings ($) = Total Energy Savings x Contractual Energy Rates 
 
Total energy savings and the contractual energy rates are based on PG&E’s time-of-use electric 
rate periods (TOU) and prices and average gas rates derived.  See Appendix A for the details  
 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 44 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 
Exceptions to this simple equation are for projects where an on/off M&V method is used.  For 
example, after a new energy management system is installed, control features are turned off 
for a set period of time to recreate baseline conditions.  Thus, savings are determined after 
installation by comparing energy use with and without the control features activated. 
 
Since energy use at a facility is typically changing, another way to define M&V is comparing a 
facility’s post-installation energy use with its usage in an unmodified condition (pre-installation).  
This takes into account situations in which baseline energy use must be adjusted to account for 
changing conditions, such as changes in facility operation, occupancy, or use or external factors 
such as weather. 
 

Post-Retrofit M&V Activities 
There are three components associated with M&V of performance contract projects: 
 

1. Verifying the potential of the ECM to generate savings, also stated as confirming that 
the proper equipment/systems were installed, are performing to specification and have 
the potential to generate the predicted savings. 

 
2. Determining/verify energy savings achieved by the installed ECM(s). 

 
3. Sustain expected savings and find additional savings opportunities for the entire period 

of the contract. 
 

Verifying the Potential to Generate Savings 
Verifying baseline and post-installation conditions involves inspections (or observations), spot 
measurements, and/or commissioning activities.  Commissioning includes the following 
activities: 

• Documentation of ECM or system design assumptions 
• Documentation of the ECM or system design intent for use by contractors, agencies and 

operators 
• Functional performance testing and documentation necessary for evaluating the ECM or 

system for acceptance 
• Adjusting the ECM or system to meet actual needs within the capability of the system 

 

Post-Installation Verification 
Post-installation M&V verification is conducted by both SES and the Hagel Building facilities 
management to ensure that the proper equipment/systems that were installed are operating 
correctly and have the potential to generate the predicted savings.  Verification methods may 
include surveys, inspections, and/or spot or short-term metering. 
 

Regular Interval Post-Installation Verification 
At least annually, SES will verify that the installed equipment/systems have been properly 
maintained, continue to operate correctly, and continue to have the potential to generate the 
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predicted savings.  Savings report for all the installed ECMs will be submitted each year after 
the acceptance date of the work performed by SES. 
 

Computation of Energy Savings 
After the ECMs are installed, energy and cost savings will be determined annually by SES in 
accordance with an agreed-upon M&V approach, as defined in a project-specific M&V plan. 
 

Methodology to Adjust Baseline3

SES’ methodology for establishing and adjusting the baseline is determined by: 

• Characteristics of the facility, 
• Conservation technology being installed, 
• Technology being replaced, 
• Type of measurement and verification the customer requires, and 
• Needs of the customer for future changes in facilities use. 

 
The purpose of this flexible approach is to make the most accurate possible measurement of 
energy use changes that are specifically attributable to the installed ECMs.  This creates the 
ability over the life of the contract to continue measuring only savings achieved by SES and 
leaves the customer free to make future changes to the building or systems without 
affecting the savings agreement.  It also necessitates fewer provisions for making 
adjustments to the baseline. 
 
Modifications to the energy baseline or savings will be made for any of the following: 

1. Changes in the number of days in the annual review cycle. 
2. Changes in the square footage of the facilities. 
3. Changes in the operational schedules of the facilities. 
4. Changes in facility indoor temperatures. 
5. Significant changes in climate. 
6. Significant changes in the amount of equipment or lighting utilized in the facility. 

 
Energy baseline modifications for #5 "Significant changes in climate" shall be made using an 
outdoor dry-bulb temperature regression model in accordance with the International 
Performance Measurement and Verification Protocol, Section 4, Option C, December 1997.  The 
established procedures will minimize the effect of load creep or load reduction on the project 
due to influences outside ECMs installed over the project life.  SES expects load creep and not 
load reduction based on our experience with similar facilities. 
 

                                                           
3 The energy baseline modifications shall use commonly accepted energy engineering methods that are mutually agreeable to both 
SES and the Government. Should agreement on these methods, including the climate adjustments, not be reached between SES 
and the Government, both parties could appeal to an independent engineer that performed the most recent audit for a final 
decision. 
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Examples of situations where the baseline needs to be adjusted are:  i) changes in the amount 
of space being air conditioned, ii) changes in auxiliary systems (towers, pumps, etc.), and iii) 
changes in occupancy or schedule.  If the baseline conditions for these factors are not well 
documented, it becomes difficult, if not impossible, to properly adjust them when they change 
and require changes to payment calculations.  To compensate for any addition and deletion of 
building area and resulting impacts on the baseline model, SES will use sound technical 
methodologies to adjust the baseline.  An example would be an increase in cooling load due to 
building expansion.  The energy impact would be calculated by estimating cooling load in tons 
as a percentage of the existing building tonnage.  Similar baseline indices like W/ft2 and Btu/ft2 
to calculate the energy consumption of the building might also be used. 
 

Methodology to Assign Dollar Value to Savings 
Calculating the units of energy saved is a critical measure of energy efficiency improvement, but 
does not indicate the actual dollars saved.  To calculate dollar savings, SES and SSA/GSA have 
established rates that will act as the baseline rates in calculating the savings.  For example, the 
average boiler and cogen gas rate will be applied to calculate fuel costs or savings.  Electrical 
savings will be derived by time-of-use rates and may or may not incorporate demand savings 
depending on each ECM.  The baseline rate used in this study is referenced in Appendix A. 
 
The following equation will be used to calculate the annual savings in dollars. 
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where: 
 
RatekWh,Base=Contractual rate for kWh consumption used in the engineering calculations 
kWhSaved,m= calculated kWh savings for month m  
RatekW,Base=Contractual rate for kW demand in the engineering calculations 
kWSaved,m= calculated kW savings for month m  
RateNG,= Contractual base rate for natural gas consumption used in the engineering calculations 
NGSaved,m= calculated natural gas savings in Therms for month m 
Agreed-to ($)= Annual savings in dollars (O&M, etc.) 
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Site Specific M&V Plan 
The following table summarizes the site specific M&V plans for each ECM recommended to be implemented at the Hagel Building.  
The table is followed by written descriptions detailing the M&V plan for each ECM. 
 

Site Specific M&V Plan 
Site-specific ECMs and their M&V approaches are given in the table below. 
 

ECM 
IPMVP4 

M&V 
Option 

Baseline M&V Post-Retrofit M&V Annual M&V 

#1 
Retrofit Stairwell & 
Parking Garage 
Lighting 

Option A 

Detail fixture count. 
Annual operating hours 
estimated based on 
facilities management 
interview and baseline kW 
by using manufacturer 
data/published wattage 
tables.  

Detail fixture count. Operating 
hours equal Baseline hours for 
fixtures. Electricity demand 
(kW) from sample 
measurements, manufacturer 
data/published wattage tables.  
Agreed-to savings based on the 
engineering calculations. SES 
will perform a complete post-
retrofit inventory of installed 
fixtures and adjust the baseline 
fixture count and savings as 
necessary during the 
commissioning period. 

Visual inspections of 
physical condition on a 
sample of fixtures.  Check 
replacement inventory, 
interview staff for 
maintenance and 
operational problems. 

                                                           
4 http://www.ipmvp.org 
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IPMVP4 
ECM M&V Baseline M&V Post-Retrofit M&V Annual M&V 

Option 

#2 
Recommission 
Griswold Valves 

Option A 
Agreed-to based on survey 
and engineering 
calculations 

Agreed-to savings based on 
engineering calculations.  

Visual inspections of 
condition and operation on 
the balancing valves.  
Interview staff for 
maintenance and 
operational problems. 

#3 
Install 17 kW 
Photovoltaic System 

Option B 

Baseline electrical energy 
equivalent to the portion 
of the facility electrical 
load to be carried by the 
PV system. 

Continuous measurement for 
the entire contract term of kWh 
produced by time-of-use (TOU) 
rate period by the PV system. 

Review maintenance and 
operations.  Interview staff 
for maintenance and 
operational problems 

#5 
Reduce Primary 
Venting Air to AHUs 

Option A 
Agreed to consumption 
based on engineering 
calculations. 

Agreed-to savings based on 
engineering calculations. 
Continuous monitoring of key 
performance parameters (HZ, 
outside air temp, and reheat 
enabled/disabled on a sample of 
the boxes)  

Interview staff about 
comfort operational 
problems. Review the 
program on the EMCS. 

#6 
Install Variable 
Frequency Drives on 
Secondary Chilled 
Water Pumps 

Option B 

Spot/short-term measured 
electricity consumption 
and power draw on the 
baseline pumps. 

Savings based on metered kWh 
for a minimum of two years.  
Temperature based regression 
post-retrofit model developed 
applied to remaining years.  

Calculate Savings. Visual 
inspections of equipment 
conditions.  Operation 
schedules verified.  
Interview staff for 
maintenance and 
operational problems. 
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IPMVP4 
ECM M&V Baseline M&V Post-Retrofit M&V Annual M&V 

Option 

#7 
Install One (1) 260 
kW Cogen Unit, and 
#8 
Replace Existing 
Steam Boilers with 
One (1) New Steam 
Boiler 

Option B/C 

Baseline electricity 
consumption equivalent to 
post-retrofit electricity 
produced. Natural gas 
consumption based on a 
regression model 
developed from the 
baseline period utility 
billing data. 

Continuous measurement of 
electricity produced, boiler 
natural gas consumption as well 
as cogen systems natural gas 
consumption. Also, status of the 
cogen systems and the boilers 
will be continuously trended for 
the entire length of the 
contract. 

Calculate Savings. Visual 
inspections of physical 
condition and operation and 
Interview staff for 
maintenance and 
operational problems. 
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Site-Specific M&V Plan for ECM #1:  Retrofit Stairwell & Parking Garage Lighting 
Objective 
The objective of this plan is to verify that (1) baseline conditions are properly assessed in the 
savings analysis; (2) measures are properly installed, operating, and maintained to affect the 
potential for saving impacts. 
 
Approach 
The general approach will follow Option A (Measured Capacity, Stipulated Consumption) in 
IPMVP.  Energy, energy cost, and O&M savings will be fixed through the term of the contract at 
the values established in this report.  Any significant changes that SSA/GSA and SES agree to in 
the scope of work between the proposed and the as-built installation will include an assessment 
of the impact on the estimated savings.  SES will perform a complete post-retrofit inventory of 
installed fixtures and adjust the baseline fixture count and savings as necessary during the 
commissioning period. 
 
Monitored Parameters 
Baseline operating hours for each group are determined based on the building management 
review approval of the estimated hours.  Due to the nature of operation of these two usage 
groups being retrofitted; namely, stairwell lights and parking garage lights, no light loggers will 
be used to verify the operating hours. 
 
Installed lighting wattage will be measured for each significant lamp-ballast combination with a 
Fluke Power Meter.  For every fluorescent lamp-and-ballast combination with more than a 
quantity of ten within the facility, SES will measure post retrofit wattage consumption on a 
sample of three fixtures of that fixture type.  All readings must be within a variance of 20%, or 
five will be taken and the high and low discarded.  If the average of the measurements deviates 
more than 5% of the original estimate, the new wattage will be used.  SES will select the fixture 
with approval from the facility personnel to measure wattage. 
 
Savings Analysis Method 
Savings will be calculated using the differences in energy consumption by the existing fixtures 
and the new fixtures and will be calculated from the following equations: 
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Where: 
 
kWhSavings,t = kWh savings realized during the post-installation time period, t 

kWfixture,b = lighting baseline demand per fixture for usage group, u 

kWfixture,p = lighting post-installation demand per fixture for usage group, u 

Quantityb = quantity of affected fixtures before the lighting retrofit adjusted for 
inoperative lighting fixtures for usage group, u  

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 51 of 89 
Final Proposal  Updated: May 20, 2005 

 
 
Quantityp = quantity of affected fixtures after the lighting retrofit for usage group, u  

Operating hours b =total number of pre-installation operating hours for usage group u 

Operating hours p =total number of post-installation operating hours for usage group, u 

Operating hours p  =Operating Hoursb (areas with no lighting controls) 

 
Indirect Lighting Savings 
There is no HVAC lighting interaction since the retrofitted spaces are not air-conditioned. 

 
Annual Post-Installation Inspection 
Annually, SES will verify that the installed lighting fixtures have been properly maintained, 
continue to operate correctly, and maintain acceptable lighting levels. as intended. Staff will be 
notified of SES’s findings in the annual savings report. 
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Site-Specific M&V Plan for ECM #2:  Griswold Balancing Valves Recommissioning 
Objective 
The objective of this plan is to verify that (1) baseline conditions are properly assessed in the 
savings analysis; (2) measures are properly installed, operating, and maintained to affect the 
potential for water saving impacts. 
 
Approach 
The general approach will follow Option A in IPMVP. 
 
Energy Savings for this ECM is quite small.  Therefore, SES recommends agreed-to savings 
based on the engineering calculations described in the report.  As long as the ECM is installed 
and operating, the savings will be achieved as calculated. 
 
Monitored Parameters 
There will be no monitored parameters for this ECM after installation. 
 
Savings Analysis Method 
Since the savings for this ECM will be agreed-to based on the calculations, the energy and cost 
savings will be identical to the numbers reported in the detailed energy survey report. 

 
Annual Post-Installation Inspection 
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Site-Specific M&V Plan for ECM #3:  Install 17 kW Photovoltaic System 
Objective 
The objective of this plan is (1) to verify that baseline conditions are properly assessed in the 
savings analysis, (2) the measure is properly installed, operating, and maintained to affect the 
potential for energy saving impacts, and (3) to measure the electrical energy (kWh) production 
continuously and associated cost savings due to the PV system ECM on an annual basis 
throughout the term of the contract. 
 
Approach 
Option B will be used to measure the savings associated with the PV system.  The utility cost 
savings associated with this ECM are directly related to the electrical energy (kWh) produced by 
the PV system and the contractual utility rates.  Annual inspections of the operation of the PV 
system will be performed to ensure the equipment continues to operate properly.  This will 
include inspections of the solar panels, electrical system (connections and inverter), and the 
data monitoring equipment. 
 
Monitored Parameters 
The following parameters will be monitored continuously throughout the term of the contract 
using the on-site PV monitoring system and/or trended through the existing EMCS: 
 

Point    Engineering Units   Interval 
Electrical Power    kW    15 min. 
Electrical Energy kWh    15 min. 

 
Savings Analysis Method 
The following formula will be used to calculate the dollar savings based on the measured PV 
kWh: 
 
Utility Cost Savings ($) = Electrical Energy produced by PV  (kWh) × Contractual Electrical 
Energy Unit Cost ($/kWh) 
 
Notes: 

1. The SSA/GSA will be responsible for cleaning the solar panels in April and August of 
each year in order to maintain optimum panel efficiency. 

2. Insolation (sunlight) in any given year which is less than what has been modeled by SES 
will allow for an adjustment to guaranteed savings. 

 
Where: 
 
Electric Energy Produced by PV (kWh) x Contractual Electrical Unit Cost ($/kWh) is derived by 
the following calculation: 
 
= (Summer On-Peak kWhs Produced) x Summer On-Peak $/kWh Rate 
+ (Summer Mid-Peak kWhs Produced) x Summer Mid-Peak $/kWh Rate 
+ (Summer Off-Peak kWhs Produced) x Summer Off-Peak $/kWh Rate 
+ (Winter Mid-Peak kWhs Produced) x Winter Mid-Peak $/kWh Rate 
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+ (Winter Off-Peak kWhs Produced) x Winter Off-Peak $/kWh Rate  
 
Annual Post-Installation Inspection 
Annual inspection will be performed to ensure that the solar panel and related equipment are 
being properly maintained. 
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Site-Specific M&V Plan for ECM #4:  Install VFDs on Chillers 
The M&V plan for this ECM has been eliminated due to deletion of this ECM for economic 
reasons.  
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Site-Specific M&V Plan for ECM #5:  Reduce Primary Air Flow 
Objective 
The objective of this plan is (1) to verify that baseline conditions are properly assessed in the 
savings analysis; and (2) the measure is properly installed, operating, and maintained to affect 
the potential for energy saving impacts. 
 
Approach 
The savings from this ECM are expensive to measure; therefore, SES recommends agreed-to 
savings based on the engineering calculations described in the report.  The performance will be 
verified through monitoring and trending key parameters such as the VFD speed on the primary 
AHUs and periodically checking whether the reheat is enabled or disabled on the sampled fan-
powered boxes (FPB).  As long as the ECM is installed and operating, the savings will be 
achieved as calculated  
 
Monitored Parameters 
The following points will be monitored and trended through the EMCS: 
 

Point    Engineering Units   Interval 
Primary AHUs fan speed Hz    15 min. 
Outside dry-bulb temperature F    15 min. 
Reheat (on a sample FPBs) enabled/disabled   15 min. 

 
Savings Analysis Method 
Since the savings for this ECM will be agreed-to based on the engineering calculations, the 
energy and cost savings will be identical to the numbers reported in the detailed energy survey 
report. 

 
Annual Post-Installation Inspection 
Annually throughout the program term, SES will inspect the programming and operation and 
ensure that the ECM is operating to design intent.  In the case that the monitored parameters 
indicate that the ECM performance is not achieving the design intent, SES will investigate the 
causes of such deviation and make the necessary modifications to achieve the design intent 
granted that the factors that caused the deviation are within SES’ control.    
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Site-Specific M&V Plan for ECM #6: Variable Speed Drives on Chilled Water Pumps 
Objective 
The objective of this plan is to verify that (1) baseline conditions are properly assessed in the 
savings analysis; (2) the individual measures are properly installed, operating, and maintained 
to affect the potential for energy saving impacts; and (3) to measure the electrical energy 
(kWh) savings, electrical demand (kW) savings, and associated cost savings on an annual basis. 
 
Approach 
The general approach will follow Option B (Measured Capacity, Measured Consumption) in the 
IPMVP. 
 
SES proposes to install VFD drives on the secondary chilled water pumps.  Baseline operation 
schedules have been determined from site survey observations and interviews.  Actual electrical 
kW demand data from the pumps, documented in the energy-savings analysis section, was 
metered to establish the baseline load.  Baseline energy (kWh) was based on an hourly model 
of typical day for each weekday and Saturday of each month.  The operating sequence of 
pumps is also documented in the energy-savings analysis section. 
 
Monitored Parameters 
Since the VFDs will be controlled by the EMCS, post-installation usage is easily discernible via 
trending. 
 
The following points will be monitored for each VFD in the post-installation case: 
 

Point    Engineering Units   Interval 
Motor Command On/Off    15 min. 
Motor Speed Hz    15 min. 
Motor Power  kW    15 min. 

 
The kW or motor speed information will be collected using the EMS and downloaded by SES for 
analysis and savings calculations for the pumps. 
 
Sampling Plan 
All the VFDs will be trended; therefore, sampling plan coverage is 100%. 
 
Savings Analysis Method 
VFD electrical savings over a time interval T will be calculated using the following equation: 
 

∑ −×=
T MonitoredBaseT kWkWkWhSaved min15)(25.0  

 
The baseline kW values for each pump receiving a VFD are shown in the following table: 
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Pump ID Motor HP Baseline kW 
SCWP-1 30 OFFF

5

SCWP-2 30 23.57 
SCWP-3 30 OFF 
CHP-4 25 OFF 
CHP-5 25 17.40 
CHP-6 25 OFF 
IWP-1 15 9.80 
IWP-2 15 10.27 
IWP-3 15 OFF 
P-9A 7.5 3.82 
P-9B 10 5.50 

 
The baseline occupied schedule for the pumps is Monday through Saturday from 6:00 AM to 
5:00 PM. The trend data will be used to compare the post-installation operating hours to the 
baseline operating hours. Such comparison will be the basis of any baseline adjustments. 
 
Missing measurement data will be interpolated where the number of missing data points is less 
than three.  If the missing data is continuous for an hour or more (more than three 15-minute 
data points) then data from another interval corresponding to the same time of day and similar 
operating conditions (such as occupancy and weather) will be inserted in place of the missing 
data. 
 
The Measurement Phase:  Measurements for savings calculations will commence with the 
completion of the commissioning of this ECM.  As a minimum, these measurements will 
continue for two years after “tuning” of the ECM.  SES may elect to extend the measurement 
period. 
 
The Performance Phase:  For the contract period after the measurement period, the annual 
savings will be calculated using a post-retrofit regression model.  The model will be developed 
using the data collected during the measurement phase.  The data could be grouped into 
weekday/weekend groups before it is regressed versus daily average outside air temperature. 
Another possible regressor would be the time of day schedule.  In general a regression model 
would be in the following form:  
 
Daily VFD kWh Consumption = YCP + LS × (T – XCP)- + RS × (T – XCP)+ 
 
Where: 
 YCP = constant  
 LS = left slope 
 RS = right slope 
 XCP = temperature change point 
 T = billing period average temperature 
 
                                                           
5 The power (kW) measured and recorded by the VFD at 60 Hz will be used as the baseline kW for the 
pumps that were off during the time of the baseline measurements (9/16/03 at 12:25 PM) 
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The superscript signifies that the term (T – XCP)- is equal to zero unless it is negative. Similarly, 
the superscript signifies that the term (T – XCP)+ is equal to zero unless it is positive. In general, 
a statistically acceptable model would have R2 > 0.6 and CV-RMSE < 10%.  In a similar fashion 
a baseline energy consumption energy consumption model will be developed based on the 
baseline data.  The energy savings during the performance phase will be equal to the difference 
between the baseline model energy consumption and the post-retrofit model energy 
consumption. 
 
Annual Post-Installation Inspection 
Annually, SES will verify that the installed VFDs have been properly maintained and continue to 
operate correctly.  SES will inform Hagel Building facilities management of the findings in the 
annual M&V report. 
 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 60 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 

Site-Specific M&V Plan for ECM #7 and #8:  Renovate Steam Plant and Install One 
(1) 260 kW Cogen System 
Objective 
The objective of this plan is to verify that (1) baseline conditions are properly assessed in the 
savings analysis; (2) the measures are properly installed, operated, and maintained to ensure 
the highest possible energy saving impacts; and (3) to determine the energy cost savings due 
to the installed ECM by measuring key operating parameters. 
 
Approach 
Options B and C will be used to measure the savings achieved by this ECM.  The baseline utility 
billing data along with the weather data were used to develop a baseline regression model for 
the daily space-heating load for Hagel Building.  In the post retrofit case, the natural gas input 
to the boiler as well as the natural gas input to the cogeneration systems will be individually 
metered and trended continuously through the energy management control system (EMCS).  
The electricity produced by the cogeneration systems (kW, kWh) will also be metered and 
trended continuously through the EMCS. 
 
The collected energy data will be utilized to determine the achieved ECM cost savings.  The key 
to achieving the estimated energy savings is maintaining engine fuel efficiency, or heat rate, 
and ensuring engine availability.  A poor heat rate can lead to excess fuel consumption while 
excessive downtime has a direct impact on the estimated savings. Any shortfalls for these two 
key operating variables will directly result in a shortfall in the estimated savings. SES will be 
financially responsible if such a shortfall leads the entire performance contract to not meet the 
guaranteed savings. 
 
Baseline Models 
Natural gas utility bills were collected for Account #PJT16 57102-0/WJT75 41902-6 
(0550381188-6 STARTED 2/03). The latest available 24 months of data (March 2003 through 
February 2005) were used to develop a regression model using EMODEL program. Each billing 
period was normalized for the number of days. Weather data for Metropolitan Oakland 
International Airport, CA (WBAN 23230) were obtained from the National Oceanic and 
Atmospheric Administration (NOAA) National Weather Service (NWS). Table 3 shows the data 
that were used to develop the model. 
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Table 3:  Natural Gas Utility Billing Data and Outside Air Temperature 
 
 From To No. of 

Days
Total Gas 
Consumption 
(Therms)

Average Gas 
Consumption 
(Therms/Day)

Total Gas 
Cost ($) Average 

OA Temp. 
(F)

02/25/03 03/26/03 29 7,626.0 262.97 $6,883.87 54.27
03/26/03 04/28/03 33 8,187.0 248.09 $6,280.93 55.50
04/28/03 05/28/03 30 6,422.0 214.07 $4,426.73 58.03
05/28/03 06/26/03 29 6,585.0 227.07 $4,933.64 60.87
06/26/03 07/28/03 32 6,892.0 215.38 $5,280.07 63.37
07/28/03 08/25/03 28 5,685.0 203.04 $4,705.18 65.68
08/25/03 09/25/03 31 4,373.0 141.06 $3,621.71 65.70
09/25/03 10/24/03 29 6,134.0 211.52 $5,059.88 60.30
10/24/03 11/21/03 28 6,396.0 228.43 $5,761.62 56.78
11/21/03 12/23/03 32 8,437.0 263.66 $7,865.96 51.04
12/23/03 01/23/04 31 8,445.0 272.42 $8,223.50 49.12
01/23/04 02/24/04 32 8,884.0 277.63 $7,739.09 51.23
02/24/04 03/26/04 31 7,409.0 239.00 $5,280.18 57.22
03/26/04 04/23/04 28 6,394.0 228.36 $4,101.41 55.97
04/23/04 05/25/04 32 6,524.0 203.88 $4,224.43 60.53
05/25/04 06/25/04 31 5,791.0 186.81 $4,070.18 60.84
06/25/04 07/26/04 31 4,901.0 158.10 $3,586.39 63.16
07/26/04 08/25/04 30 5,063.0 168.77 $4,179.08 63.44
08/25/04 09/24/04 30 4,154.0 138.47 $3,655.92 66.33
09/24/04 10/25/04 31 5,516.0 177.94 $4,546.93 60.53
10/25/04 11/23/04 29 5,831.0 201.07 $5,814.22 54.15
11/23/04 12/23/04 30 7,899.0 263.30 $8,239.32 49.94
12/23/04 01/25/05 33 11,402.0 345.52 $11,825.86 47.75
01/25/05 02/23/05 29 9,844.0 339.45 $9,687.47 53.05

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 shows the regression model graph from the EMODEL program. The baseline regression 
model is as follows: 
 
 
 Baseline Gas Consumption (Therms/Day) = 
      YCP + LS × (T – XCP)- + RS × (T – XCP)+ 
Where: 
 YCP = 157.9137 (constant or minimum usage) 
 LS = -8.1888 (left slope) 
 RS = 0.0000 (right slope) 
 XCP = 65.9584 (temperature change point) 
 T = billing period average temperature 
 
The superscript signifies that the term (T – XCP)- is equal to zero unless it is negative. Similarly, 
the superscript signifies that the term (T – XCP)+ is equal to zero unless it is positive. 
 
 
 
 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 62 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5:   Regression Model of Average Gas Consumption versus the Monthly 
Average Outside Air Temperature 

 
 
The model is 3P-CP(H) (three-parameter change point for heating) regression model with the 
following statistical characteristics. 
 
Number of observations = 24 
R2 = 0.72 
CV-RMSE = 12.7% 
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Post Retrofit Monitored Parameters6

The commissioning of the cogeneration systems will verify their functionality and potential to 
save energy.  The M&V plan will use monitored data collected through the EMCS to verify that 
the system is operating correctly and calculate the savings accordingly.  The following points 
will be included as part of the EMCS and will be trended and periodically downloaded into a 
database: 
 

Point      Engineering Units  Interval 
 
Natural gas input to the cogen systems  MCF/MMBTU  15 min. 
Natural gas input to balance of the facility7 MCF/MMBTU  15 min. 
Cogen systems electrical power  kW   15 min. 
Cogen systems electrical energy produced  kWh   15 min. 
Cogen systems status on/off   15 min. 
New space heating Steam boiler status on/off   15 min.  
New space heating Steam boiler output MMBTU   15 min. 
Existing pony boiler status on/off   15 min.  
Existing electric boilers (2) status on/off   15 min. 
DHW Heat exchanger entering water temp. F   15 min. 
DHW Heat exchanger leaving water temp. F   15 min. 
 

 
Post-Retrofit Sampling Plan 
All major equipment will be monitored.  Sampling plan coverage will be 100%. 
 
Post-Retrofit Data Collection Plan 
The points mentioned under the section titled “Post Retrofit Monitored Parameters” will be 
periodically downloaded into the database.  These parameters will be collected on a continuous 
basis throughout the contract years. 
 
Savings Analysis Method 
The data listed under “Post Retrofit Monitored Parameters” will be collected and analyzed to 
calculate the savings resulting from the steam plant renovation and the installation of the cogen 
systems by SES.  The cost savings for this ECM will be calculated from the following formula: 
 
Annual ECM Cost Savings = Annual ECM Baseline Cost - Annual ECM Post-retrofit Cost 

 
Where: 

 
Annual ECM Baseline Cost = Baseline Total Annual Natural Gas Cost + Baseline Annual 
Electricity Cost of the Cogen produced Electricity 
 

Baseline Total Annual N.G. Cost =  

                                                           
6 Additional points may be added for monitoring purposes after the final design is complete. 
7 Excluding the cafeteria gas account. 
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Normalized Baseline N.G. Use8 (therms/yr) x Contractual Baseline N.G. Rate ($/therms)  

Baseline Annual Electricity Cost of the Cogen produced Electricity =  

Post-retrofit Annual Electricity produced by the Cogen Systems (kWh, kW)9 x  

Contractual Baseline Electricity Rate Schedule ($/kWh, $/kW)  

 
Annual ECM Post-Retrofit Cost = Post-Retrofit Total Annual N.G. Cost + Stipulated Annual Utility 
Stand-by Charges 

 
Post-Retrofit Total Annual N.G. Cost = Balance of the facility 10 Annual N.G. Use (therms/yr) 
x Contractual Post-retrofit  Balance of the facility N.G. Rate ($/therms) + Cogen Systems 
Annual N.G. Use (therms/yr) x Contractual Post-retrofit Cogen Systems N.G. Rate 
($/therms)  

 

Boiler Operations and Maintenance Savings 
$3,500 per year escalated at 3% per year as provided and approved by the SSA/GSA. 
 

Baseline Adjustments Specific to ECM#7 
The Hagel Building facilities management is responsible for the balance of the central plant 
equipment and for the impact of this equipment on the cogen systems availability.  Granted 
their availability, The Hagel Building facilities management is responsible to run the cogen 
systems as per the design intent.  The annual operating hours will be compared to the 
contractual schedule and operating hours.  If the actual operating hours are less than the 
contractual operating hours, a baseline adjustment will be warranted. 
 
SES acknowledges SSA’s requirements for periodic “boil-outs” of the tepid water system.  If SSA 
chooses to operate the cogen after-hours to support this process, SES will not consider this as 
an adverse impact on the M&V guarantee.  Please refer to the cogen/boiler description section 
for additional information concerning this process. 
 

Future Periodic (Annual) Measurement Plan 
The SES M&V Group will inspect and verify all the completed ECMs at the facility on an annual 
basis.  Typically this will include visual inspection of key parameters for each ECM as outlined in 
the M&V plan.  Wherever feasible, trended data from the Hagel Building’s existing EMCS system 
will be utilized to verify the effectiveness of the ECMs.  The inspection will be focused, but not 
limited to: 

1. Lamps and ballasts future replacements are equivalent or better in efficiency to the ones 
installed under the lighting ECM. 

2. Operations and maintenance checks on the cogen systems and new boiler. 
                                                           
8 Excluding the cafeteria gas account. 
9 The minimum 15-min kW produced by the cogen systems in each Time-of-Use utility demand window will 
represent the baseline demand for that particular utility demand window.  
10 Excluding the cafeteria gas account. 
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3. Operations and maintenance checks on the PV system. 
4. Operations and maintenance checks on the Griswold Valves. 
5. Verifying the validity of the trended data using spot measurements. 

 

Performance/Savings Persistence Plan 
Calculated savings beyond the Measurement Years will help to avoid significant annual costs for 
all parties by avoiding the cost of items such as savings calculations and reviews, resolving 
issues such as consumption data and baseline adjustments due to load creep.  However, this 
method does not ensure savings persistence over the term of the Performance Years.  In order 
to ensure savings persistence, SES will provide annual inspections of the ECMs to determine 
whether or not they are performing as intended.  The annual inspection will rely heavily on 
measured savings and well-documented commissioning data.  SES will provide an annual report 
to document the findings and make recommendations. 
 

Utility Incentives / Energy Savings During Construction (Year 0) 
Sempra may use projected energy savings achieved during construction period (year 0) as 
offset to lower utility incentives in event of reduced program funding.  SES estimated that 50% 
of the annual energy savings from ECMs 1, 2, 3, 5, and 6 will be achieved during “year 0”, or 
the construction period.  Please refer to note 7 on Schedule DO-3 for the amount of savings 
estimated. 
 

Plan for Resolving Dispute  
A well-defined M&V approach along with regular project meetings and reviews minimize the 
potential for a dispute.  SES will work to accommodate any concerns about the above M&V 
plan.  A major consideration in the establishment of an M&V plan, however, is to balance the 
value of information received with the cost of obtaining that information.  Disputes shall be 
resolved by engineering analysis of the calculations and adjustment to maintain equitable 
resolution to both parties. 
 
In the event of an actual dispute, it is recommended that an independent third-party review 
team be established to review and mediate issues.  This third-party review team will be 
composed of individuals with the necessary technical knowledge and background to resolve the 
dispute.  The members of this independent resolution team will be agreed upon by all parties 
involved, and will be provided with all background material and data related to the disputed 
ECM(s).  Based upon this information, a letter report will be prepared by the third-party 
reviewer, describing the disputed issue(s) and any actions necessary to resolve the dispute. 
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SECTION 3.0:  MANAGEMENT APPROACH 

Organization 
SES will ensure a highly effective site management approach, providing competitive pricing, 
subcontractor expertise, and teamwork.  SES will draw upon the unique skills and extensive 
experience from its direct employees and subcontractor personnel and, in addition, will 
emphasize the use of local labor to the maximum extent possible.  SES delivers a strong 
commitment to understand the short- and long-term goals of the Social Security Administration 
and the General Services Administration (SSA/GSA) to ensure that our approach is innovative, 
on target, and causes no adverse impacts on day-to-day operations. 
 
The advantages offered by SES are highlighted by strong capabilities for accomplishing all 
phases of energy savings performance contracting, and proven by nationally recognized results 
in conducting complex projects for large governmental entities. 
 

Project Management Approach 
SES’ management approach and implementation plan for SSA/GSA are based on: 

• A proven record of managing complex projects; 
• Experience in managing and verifying large-scale energy savings programs; 
• A proven set of procedures and tools for controlling and managing costs, schedule, and 

overall performance; 
• A quality assurance program to guarantee that the work performed in the design, 

development, implementation and operation of each ECM is of the highest quality; and 
• A system of interfaces that ensures SSA/GSA’s involvement in all appropriate decision 

making aspects of this program. 
 
To effectively manage a project, the overall approach must consist of a plan that includes: 

• Clearly defined lines of communication; 
• Single points of responsibility for each functional area of the contract; 
• Defined procedures for contract; and 
• A system for integrating project personnel (including subcontractors, if applicable) into a 

responsive, cohesive team. 
 
SES’ management approach offers experience and innovation as follows: 

• A team integration approach that minimizes management burden, provides single points 
of contact, and simplifies program interfaces and subcontract management. 

• A quality assurance program that is based on strong customer focus, effective and 
efficient work processes, and is dedicated to examining products/services and processes 
to prevent problems and improve quality continuously. 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 67 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 

• An environmental safety and health program that will focus on SSA/GSA requirements, 
as well as any appropriate state, local, or federal requirements, policies and procedures 
governing work performed. 

• A project specific team that will be with the project from start to finish under the 
direction of the Project Manager, assisted by the Project Engineers to provide technical 
direction and quality assurance.  The Project Engineer reports to SES’ Director of 
Engineering and manages both in-house engineering and our design subcontractor(s). 

• A team approach that follows a comprehensive process during all phases of the project.  
This includes peer review of SES and our design subcontractor’s work. 

 
The steps SES uses for energy-efficiency projects are generally: 

• Project Development (Completed) - SES, either through our staff or through our 
audit, engineering, and construction subcontractor(s), conducts on-site analysis of 
sufficient detail to establish the guaranteed energy savings, the scope of work, and a 
fixed project cost. 

• Project Engineering - SES will perform on-site verification, gather operating data, and 
perform detailed design and calculations which culminate in construction documents that 
are based on the definitive energy savings and project scope.  SES may also utilize the 
assistance of consulting engineering companies in this work.  SES provides over-sight of 
all engineering documents and activities including equipment specifications on all 
projects where outside design services are used.   

Our project team will have the full support of our engineering staff to review the 
equipment specifications before they are issued for bid.  Additionally, our on-site team 
will inspect the equipment for compliance with the specifications to ensure that all 
requirements are met.  For specialty systems SES may tap the expertise of other in-
house experts to support the on-site team as needed.  This approach provides excellent 
over-sight and keeps the project cost down. 

• Regulatory Compliance - During the audit and energy analysis phase of the project, 
compliance with the required regulatory bodies, codes, and standards will be developed.  
This information will be formalized in the project design criteria and, when appropriate, 
will be scheduled as a task or milestone, e.g., for plan check review and approval.  SES 
has worked with many federal, state, local, and other agencies as part of our execution 
of performance contracts and has always maintained a positive working relationship with 
these oversight or compliance agencies.  SES has accounted for all appropriate reviews 
with agencies that will be involved with this project. 

• Construction Management - Complete authority to develop and authorize work plans 
within the approved contract scope and budget is provided at the site level.  The Project 
Manager delegates the commitment of project resources to the site Construction 
Manager.  SES will provide on-site construction management during all critical points in 
the construction process.  This Construction Manager may also manage the project from 
off-site locations during periods of the project with minimal on-site activity. 

• Problem Resolution - The Construction Manager has complete on-site project 
authority to resolve construction problems.  This authority includes, but is not limited to, 
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the ability to allocate resources, settle conflicts and initiate corrective actions, as 
needed, in order to resolve a problem. 

• Resources - Complete control of project resources is maintained at the Project 
Manager level.  Additionally, the Construction Manager has authority over all on-site 
resources, including the commitment and allocation of funding, and personnel within the 
framework of the contract requirements. 

• Decision-Making - The Construction Manager has operational decision-making 
authority within the limitations of the contract.  Examples of site level decisions include 
personnel hire and dismissal, purchase of services and materials, and establishment of 
project policies and procedures. 

• Commitment - Full commitment authority is provided to the Construction Manager, up 
to the limit of the contract.  Each successive management level has commensurate 
authority for commitments up to the level of their budget and area of responsibility 
within the framework of contract requirements and project policy. 

• Project Control – One main function of the Construction Manager is to continually 
monitor and control the project with respect to scope, schedule, and budget.  
Management of the Triple Constraint is imperative in successful project execution.  A 
project schedule will be published initially after award of the project.  Using the Work 
Breakdown Structure and CPM schedule the CM will continually monitor Earned Value to 
ensure cost and schedule performance are on track.  Also critical in controlling the 
project, the CM will be responsible for verification of subcontractor schedule of values 
and % complete to ensure that only the work in place is being paid for.  Tight 
accounting and controls are maintained by the CM and PM alike. 

• Quality Assurance and Control - The CM will be responsible for implementing the 
Quality Control Plan developed for the project.  This plan will be strictly adhered with 
multiple quality checks in place to ensure compliance with customer expectations, SES 
Plans and Specifications.  The individual project products will be signed off only when 
each product has been verified that it meets the design intent as specified in the Plans 
and Specifications.  The CM and PM will work hand in hand to ensure the QC process is 
implemented and documented throughout the project. 

• Commissioning – It is the responsibility of the PM to develop the Commissioning Plan 
(CP) prior to executing the work of the project.  Together with the engineering staff, the 
PM will help develop the CP to help ensure the product meets design intent, customer 
expectations, and fitness of use.  The CM will assist in implementing the plan and will 
oversee the Commissioning agent through the entire process.   

• Contract Auditing- Prior to release of final payment (Retainage) to subcontractors, the 
CM along with the estimators will conduct a contract audit to ensure that the 
subcontractor has delivered all components outlined in the subcontract.  Once complete, 
the audit is reviewed by the PM at which time the subcontract is closed out and final 
payment is released. 

• Project Maintenance, Measurement and Verification – At the completion of the 
construction and commissioning phase of the project, the CM will complete a rigorous 
turnover to the M&V group for initiating the M&V phase of the project.  The CM will work 
closely with SES M&V personnel to cover all project engineering, construction and as-
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built documents and will facilitate a smooth seamless transition to this phase of the 
project. 

 
• Project Close-Out - At the completion of every project, SES submits to the client a set 

of “as-built” drawings, operation manuals, maintenance manuals, commissioning report, 
and a list of recommended spare parts.  SES also provides training for onsite facility 
personnel to familiarizing staff with O&M procedures for all new equipment and/or 
software installed in the project. 

 

Project Team 
SES’ Project Team is backed by a strong corporate commitment from all companies that 
comprise the Sempra Energy Solutions’ Team.  The designated Project Manager is Mr. Craig 
Pals and the Construction Manager will be Mr. Craig Priest. 
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ORGANIZATIONAL STRUCTURE FOR MANAGING THE PROJECT 
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Proposed Personnel and Responsibility 
Business Development Manager 
John Wilson, Business Development Manager:  Mr. Wilson will serve as the primary interface 
with SSA/GSA, and will have overall responsibility for client satisfaction.  Mr. Wilson will closely 
monitor the project activities to ensure that client expectations are met. 
 
Project Manager 
Craig Pals, P.E., Project Manager:  Mr. Pals will be the team leader for this project, and will 
direct all activities necessary to ensure that all resources are focused on maximizing the 
potential for energy conservation projects.  Mr. Pals will manage this project from SES’ Los 
Angeles office and will serve as the secondary interface with SSA/GSA for energy management 
services. 
 
On-Site Construction Manager 
Craig Priest, Site Construction Manager:  Mr. Priest has complete on-site project authority, 
including but not limited to, the ability to allocate resources, settle conflicts, make operating 
decisions, and initiate corrective actions within the limitations of the contract.  The site 
Construction Manager has complete authority at the site level to develop and authorize work 
plans within the approved contract scope and budget.  The on-site Construction Manager will 
develop and administer all subcontracts. 
 
Estimating 
Rami Nadershahi, Project Estimator:  Mr. Nadershahi will provide support for the Project 
Manager and the Construction Manager in estimating the project cost, evaluating the costs of 
alternatives, evaluating the cost of changes that might occur during construction and 
developing the site specific implementation strategy. 
 
Safety 
Herb Mauck, Safety Manager:  Mr. Mauck will assure that the installation is performed in a safe 
manner.  SES and its subcontractors will follow all safety codes. 
 
Project Engineer 
Jim Reese, P.E., Project Engineer:  Mr. Reese will provide direct supervision for the detailed 
design of the ECMs to be implemented.  Mr. Reese will be responsible for the technical 
correctness of the engineering and design for the SSA/GSA Project.  Additionally, Mr. Reese will 
coordinate and conduct training and support through local vendor representatives and 
equipment manufacturers.  This training entails conducting required management workshop(s) 
for the operations and maintenance personnel, as well as the administrative staff.  The 
workshop(s) will help personnel to understand the energy implications of their actions by 
conducting training sessions on preventive maintenance and other energy-saving practices as 
applicable to each ECM. 
 
Start-up and Commissioning 
Joe Shiau, P.E., Senior Engineer:  Mr. Shiau will be responsible for start-up and commissioning 
of the new equipment and systems to be installed during the project.  This will include verifying 
that the installed equipment meets specifications, is installed and started-up in accordance with 
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manufacturer's recommendations, and operates as intended.  A commissioning plan will be 
prepared that describes the functional tests to be performed on the equipment and the 
acceptance criteria.  A commissioning report will be prepared to document the results of the 
commissioning for future reference. 
 
Monitoring and Verification 
Aamer Athar, P.E., M & V Manager:  Mr. Athar will be responsible for monitoring and verification 
of the new equipment and systems to be installed during the energy retrofit.  This will include 
verifying that the installed equipment meets the energy saving specifications and is installed 
and started-up in accordance with the project energy savings plan. 
 
Project Financial Accounting 
Ronny Dickerson, Director of Measurement and Performance:  Mr. Dickerson is responsible for 
tracking all project expenditures.  All project costs will be tracked using a construction industry 
accounting program called Wennsoft.  Mr. Dickerson will assist the Project Manager and the on-
site Construction Manager to ensure that standard accounting procedures are met and that a 
complete audit trail is documented. 
 
Subcontractors 
SES’ approach to construction subcontracting is to utilize the local contractors when possible.  
SES solicits our clients for their input regarding contractors.  SES will develop a list of proposed 
subcontractors based on prior experience and client input, and issue bid packages to this group.  
SES will select the best-qualified contractor to perform the work.  In some cases, where specific 
expertise is required, SES may chose to add a specific contractor to the initial team. 
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Risk/Responsibility Matrix 
ESPC Contract Risk/Responsibility Matrix 

 

RESPONSIBILITY/DESCRIPTION ESCO PROPOSED APPROACH AGENCY ASSESSMENT 

Financial:   

Interest Rates:  Neither the ESCO nor the agency has 
significant control over prevailing interest rates.  During all 
phases of the project, interest rates will change with market 
conditions.  Higher interest rates will increase project cost, 
financing/project term, or both.  The timing of the Delivery 
Order signing may impact the available interest rate and 
project cost.  Clarify when the interest rate is locked in, and if 
it is a fixed or variable rate. 

SES utilizes an estimated interest rate for the development of 
the IP, DES & Proposal.  The estimate is intended to be 
higher than what is expected to be in place at signing.  SES 
proposes to complete negotiations on the proposal including 
the basis point differential on the estimated rate.  At time of 
signing, the fixed rate will be locked in using the negotiated 
differential and final financial schedules will be published for 
inclusion in the Delivery Order. 

 

 

Energy Prices:  Neither the ESCO nor the agency has 
significant control over actual energy prices.  For calculating 
savings, the value of the saved energy may either be 
constant, change at a fixed inflation rate, or float with market 
conditions.  If the value changes with the market, falling 
energy prices place the ESCO at risk of failing to meet cost 
savings guarantees.  If energy prices rise, there is a small 
risk to the agency that energy saving goals might not be met 
while the financial goals are.  If the value of saved energy is 
fixed (either constant or escalated), the agency risks making 
payments in excess of actual energy cost savings. 

SES proposes to utilize the current utility rates and rate 
structures in the proposal, escalated in the out years at an 
agreed-to rate.  The resulting rate figures will be fixed for the 
term of the Delivery Order. 
 

 

 

Construction Costs:  The ESCO is responsible for 
determining construction costs and defining a budget.  In a 
fixed-price design/build contract, the agency assumes little 
responsibility for cost overruns.  However, if construction 
estimates are significantly greater than originally assumed, 
the ESCO may find that the project or measure is no longer 
viable and drop it.  In any design/build contract, the agency 
loses some design control.  Clarify design standards and the 
design approval process (including changes) and how costs 
will be reviewed. 

SES will provide firm fixed construction costs based on 
specified equipment (or equivalent) in the negotiated 
proposal.  SES designs to standards established by the 
Uniform Building Code and will submit all drawings, 
specifications, and submittals for government approval.  If 
unusual design standards are required, the government 
should designate in the Delivery Order RFP.  If design 
changes result in increased costs, SES would expect to 
negotiate an equitable cost adjustment with the government if 
necessary.  The basis of all costs will be detailed in the DES. 
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RESPONSIBILITY/DESCRIPTION ESCO PROPOSED APPROACH AGENCY ASSESSMENT 

M & V Costs:  The agency assumes the financial 
responsibility for M & V costs directly or through the ESCO. If 
the agency wishes to reduce M & V cost, it may do so by 
accepting less rigorous M & V activities with more uncertainty 
in the savings estimates.  Clarify what performance is being 
guaranteed (equipment performance, operational factors, 
energy cost savings) and that the M & V plan is detailed 
enough to satisfactorily verify it. 

SES’ approach to M&V is to verify the guaranteed 
performance of the equipment installed where cost-effective 
to do so in relation to the value of the savings achieved with 
a given measure.  SES cannot guarantee factors beyond its 
control, i.e. operating hours, personnel population changes 
etc.  SES will utilize appropriate practices to validate the 
base case in all instances, and an acceptable value will be 
negotiated with the customer. 

 

 

Delays:  Both the ESCO and the agency can cause delays.  
Failure to implement a viable project in a timely manner costs 
the agency in the form of lost savings, and can add cost to 
the project. Clarify schedule and how delays will be handled. 

SES will develop (with customer consultation) and provide a 
schedule in the proposal for customer review and 
acceptance.  Circumstances that may lead to delays in the 
schedule should be communicated as quickly as identified.  
Discussion will seek mitigating alternatives.  Resolution to 
delays that result in meaningful cost impacts will be 
negotiated. 

 

 

Major Changes in Facility:  The agency (or Congress) 
controls major changes in facility use, including closure.  
Clarify responsibilities in the event of a premature facility 
closure, loss of funding, or other major change. 

Facility use profiles will be identified and discussed and 
agreed upon in the proposal phase.  SES cannot accept 
responsibility for, or guarantee, facility use profiles. 

 

 

Operational:   

Operating Hours:  The Agency generally has control over 
the operating hours.  Increases and decreases in operating 
hours can show up as increases or decreases in "savings" 
depending on the M & V method (e.g. operating hours times, 
improved efficiency of equipment vs. whole building, utility 
analysis).  Clarify if operating hours are to be measured or 
stipulated and what the impact will be if they change.  If the 
equipment loads are stipulated, the baseline should be 
carefully documented and agreed to by both parties. 

SES will work with the agency to identify acceptable values 
for operating hours.  The M&V protocol will focus on 
equipment performance rather than total energy use, 
minimizing the impact of changing operating hours.  If a 
substantial change in operating hours (i.e. from 9 hours for 5 
days to 24 hours for 7 days a week) occurs, and the change 
impacts the life of equipment that SES is responsible for 
repair and replacement, SES would expect to negotiate an 
equitable price adjustment. 

 

 

Load:  Equipment loads can change over time.  The agency 
generally has control over hours of operation, conditioned 
floor area, intensity of use (e.g. changes in occupancy or 
level of automation). Changes in load can show up as 
increases or decreases in "savings" depending on the M & V 
method.  Clarify if equipment loads are to be measured or 
stipulated and what the impact will be if they change.  If the 
equipment loads are stipulated, the baseline should be 
carefully documented and agreed to by both parties. 

The M&V protocol will focus on equipment performance 
where technically and economically feasible.  SES worked 
with the customer to measure existing loads and those loads 
will be utilized for calculating savings.  The methodology for 
determining these loads is documented.  The loads will be 
stipulated. 
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RESPONSIBILITY/DESCRIPTION ESCO PROPOSED APPROACH AGENCY ASSESSMENT 

Weather:  A number of energy efficiency measures are 
affected by weather.  Neither the ESCO nor the agency has 
control over the weather.  Changes in weather can increase 
or decrease "savings" depending on the M & V method (e.g. 
equipment run hours times efficiency improvement vs. whole 
building utility analysis).  If weather is "normalized" actual 
savings could be less than payments for a given year, but will 
"average out" over the long run.  Weather corrections to the 
baseline or ongoing performance should be clearly specified 
and understood. 

For ECMs impacted by weather, energy savings are 
calculated using typical weather profiles agreed to by SES 
and the Agency (such as published Typical Meteorological 
Year (TMY) data).  This weather profile is stipulated for the 
determination of baseline and post-retrofit energy savings.  
Energy savings will then be verified based on measurements 
to verify proper equipment performance. 
 

 

 

User Participation:  Many energy conservation measures 
require user participation to generate savings (e.g. control 
settings).  The savings can be variable and the ESCO may 
be unwilling to invest in these measures.  Clarify what degree 
of user participation is needed and utilize monitoring and 
training to mitigate risk.  If performance is stipulated, 
document and review assumptions carefully and consider M 
& V to confirm the capacity to save (e.g. confirm that the 
controls are functional). 

It will be the responsibility of the Agency to maintain proper 
set-points and programming of controls.  The savings are 
calculated based on anticipated compliance with established 
control settings that are agreed to by both the Agency and 
SES.  SES will provide training regarding the operation and 
maintenance of the controls and guidelines for proper control 
settings.  SES will review operating procedures and control 
set-points as part of the M&V Procedures. 

 

 

Performance:   

Equipment Performance:  Generally the ESCO has control 
over the selection of equipment and is responsible for its 
proper installation and performance.  Generally the ESCO 
has responsibility to demonstrate that the new improvements 
meet expected performance levels including standards of 
service and efficiency.  Clarify who is responsible for initial 
and long-term performance, how it will be verified, and what 
will be done if performance does not meet expectations. 

SES will select the equipment that will best meet the needs 
of the facility.  SES will verify proper operation of the 
equipment upon completion of the installation.  SES will be 
responsible for the performance of the equipment and will 
verify the performance at intervals agreed to with the Agency 
as specified in the M&V Plan.  

 

 

Operations:  Responsibility for operations is negotiable, and 
it can impact performance.  Clarify how proper operation will 
be assured.  Clarify responsibility for operations and 
implication of equipment control. 

The Agency will operate the equipment installed.  SES will 
provide training in proper equipment operation.  SES will 
specify operating logs to be maintained by the Agency.  SES 
will periodically review the equipment operation and 
operating logs to verify proper operations. 

 

 

   

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 



   
The Hagel Federal Building  Page 76 of 89 
Final Proposal  Updated:  May 20, 2005 

 
 

 
 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal. 

RESPONSIBILITY/DESCRIPTION ESCO PROPOSED APPROACH AGENCY ASSESSMENT 

Maintenance & Repair:  Responsibility for maintenance and 
repair is negotiable, however it is often tied to performance.   
Clarify how long-term maintenance and repair will be 
assured, especially if the party responsible for long-term 
performance is not responsible for maintenance. Clarify who 
is responsible for ECM overhaul, component or equipment 
repair required to maintain operational performance 
throughout the contract term.  

SES will be responsible for maintenance and repair as 
defined in the Table in the Summary of Operations, 
Maintenance, Repair and Replacement Responsibility in the 
following section.  All water treatment will be the 
responsibility of SSA/GSA.  SES will provide the Agency with 
training in proper maintenance procedures and will specify 
maintenance records to be kept by the Agency.  SES will 
periodically review these records as specified in the M&V 
Plan to ensure proper maintenance. 

 

 

Equipment Replacement:  Responsibility for replacement of 
contractor-installed equipment is negotiable, however it is 
often tied to ECM performance. Clarify who is responsible for 
replacement of failed components or equipment throughout 
the term of the contract.  Specifically address potential 
impacts on performance due to equipment failure.  Life of 
equipment is critical to ECM performance during the contract 
term.  Specify equipment life expected for all installed 
equipment and specify warranties proposed for the installed 
ECMs. 

SES will be responsible for replacements as defined in the 
Table in the Summary of Operations, Maintenance, Repair 
and Replacement Responsibility in the following section.  
Manufacturer’s warranties will be provided for all equipment.  
SES will provide the Agency with training in proper 
maintenance procedures and will specify maintenance 
records to be kept by the Agency.  SES will periodically 
review these records as specified in the M&V Plan to ensure 
proper maintenance. 

 

 

Emissions Exceeding Permit Limits SES accepts no responsibility for fines incurred by the 
SSA/GSA as a result of emissions violations. The SSA/GSA 
will be responsible for proper operation of the equipment, 
taking prompt action to avoid an emissions exceedance, and 
immediate notification to both SES and the local service 
provider of any conditions  which they observe that could 
result in an emissions violation. 
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Operations, Maintenance, Repair and Replacement 

Operations and Maintenance 
To achieve the projected savings, all ECMs must be operated, maintained, and repaired 
according to the manufacturer, design, and installation specifications.  Upon completion of the 
installation, SES will provide SSA/GSA with appropriate technical manuals that describe the 
equipment and its operation, as well as the manufacturer’s recommended maintenance.  SES 
will provide training in the operation and maintenance of the new equipment. 
 
SES will conduct semi-annual inspections of the equipment where Hagel personnel are 
responsible for performing operations and maintenance.  This is to ensure operations and 
maintenance procedures are being followed to maximize equipment longevity and ensure 
energy-efficient operation.  SSA/GSA will make operating logs and maintenance records 
available to SES for review.  SES will notify SSA/GSA in writing if there are any operations and 
maintenance discrepancies noted. 
 

Repair and Replacement  
Repair and Replacement means that SES will be responsible for all repairs on the piece of 
equipment up to and including the replacement of the piece of equipment should that be more 
economically viable.  SES will provide periodic oversight of the operations and maintenance of 
the equipment installed under this project.  If SES determines that proper O&M procedures are 
not followed and resulting damage or failure to equipment installed by SES occurs, the SSA/GSA 
may then be liable for the required repair and replacement and associated loss in savings. 
 

ECM Training 
SES will provide three (3) 8-hour days of operations and maintenance training.  The training will 
be conducted prior to project acceptance, and structured to include classroom and hands-on 
training.  The Operations and Maintenance manuals will be utilized in this training.  The training 
will include education on the concept of each measure and the importance of proper operating, 
maintenance, and troubleshooting procedures.  The training will also include procedures on 
proper reporting of operations and maintenance activities.  Specialized systems will include 
training support by the original equipment manufacturer (OEM).  The training sessions will be 
videotaped for SSA/GSA to use in training new personnel in the future or as a refresher for 
existing staff. 
 
The table below shows the proposed assignments of the responsibilities for operations, 
maintenance, and repair and replacement of each ECM. 
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Summary of Operations, Maintenance, Repair and Replacement Responsibility 
Hagel Building 

Responsible Party 
ECM 
No. Energy Conservation Measure 

Operations Maintenance Repair & Equipment 
Replacement 

1. Lighting Hagel Hagel Hagel 

2. Griswold Valves Hagel Hagel Hagel 

3A. Photovoltaic System – Inverter Only Hagel SES SES 

3B.  Photovoltaic System – PV Panels 
<2> Hagel Hagel Hagel 

5. Primary Air Flow Hagel Hagel Hagel 

6. Variable Speed Drives for Pumps Hagel SES SES 

7. Co-Generation system Hagel SES SES 

8. Steam Boiler Hagel Hagel Hagel 

 <1> See Warranty Table below. 
<2> The manufacturer warranty for the panels will be 20 years or longer. 
<3> All water treatment will be the responsibility of Hagel. 

 
 

Warranty 
Labor and material warranty will be provided for a period of 12 months from equipment 
installation acceptance, or 18 months from equipment delivery, whichever occurs first.  
Equipment covered includes all equipment installed by SES as part of this agreement.  In the 
case of the photovoltaic panels, the manufacturer’s warranty will be a minimum of 20 years.  As 
part of the lighting ECM, SES will provide an adequate stock of lamps and ballasts based on 
manufacturer(s) recommendations.  SES will also assist SSA/GSA in resolving any warranty 
related issues that may arise for all of the ECMs. 
 
 

ECM Manufacturer’s Warranty Coverage 

#1:  Lighting Retrofit 

Fluorescent Lamps – 1 year 
HID Lamps – 1 year 
Fluorescent Ballasts – 5 years 
HID Ballasts – 1 year 

#2:  Recommission Griswold Valves Valves – 5 years 

#3:  Install 30 kW Photovoltaic System Panels – 20 years 
Inverter – 5 years 

#5:  Reduce Primary Air Controls – 1 year 

#6:  VFDs for Secondary & Tertiary Chilled VFDs – 1 year 
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ECM Manufacturer’s Warranty Coverage 

Water Pumps 

#7: Install 260 kW Cogen Unit Cogen Engine – 1 year 

#8:  Install New Steam Boiler 
Boiler Drum – 20 year (against damage due to 
thermal shock. 
Other Boiler Parts – 5 years  

 
 

ECM Commissioning Approach 

Commissioning Plan 
SES will perform commissioning of all equipment impacted by the energy conservation 
measures (ECMs) to be installed as part of this project.  The objective of the commissioning is 
to verify that the design of the new systems meets the performance objectives, the equipment 
is installed in accordance with the design, and that the equipment and the equipment systems 
operate as intended.  Commissioning will include both pre-functional and functional testing of 
individual components, sub systems, and the fully integrated systems associated with the ECMs.  
This will include verification of installation, start up, and performance evaluation throughout the 
equipment’s operating range. 
 
SES will prepare a Commissioning Plan for review and approval by the Government in 
accordance with the delivery order reporting requirements.  This Commissioning Plan will 
include descriptions of commissioning roles and responsibilities of the project team, a detailed 
description of the commissioning process, and reporting.  An outline of the Commissioning Plan 
is shown below. 
 

Commissioning Plan Outline 
Frank Hagel Building 
 

1.0 Introduction 
• Objective of commissioning 
• Overview of commissioning activities 
• Schedule, coordination, and management of commissioning work 

 
2.0 Design Intent 

• System description (e.g., cogeneration, lighting retrofit, chiller VFDs) 
• Functional and performance objectives 
• Performance criteria (e.g., capacity, efficiency, operating range) 
• Matrix of responsibilities of commissioning work 
• Control strategy and sequence of operation 
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3.0 Commissioning Specifications to be included in Construction Bid Documents 
• Commissioning scope of equipment vendors and contractors, etc. 

4.0 Submittals and Documentation 
 

5.0 Pre-functional Tests 
• Verification of installed equipment, subsystems, and systems 
• Equipment start-up (per manufacturers’ specifications) 
• Test and balancing 
• Verify installation and operation of individual sub-components (e.g., thermometers, 

pressure gages, control valves, flow meters) 
• Oversight and observations of activities 
• Process of initial corrective actions and retesting 
• Determination of system readiness for functional testing 

 
6.0 Functional Performance Testing 

6.1 - Testing of Components 
• Verify operation is within manufacturer’s specifications. 
• Determination of deficiencies, corrective measures, and retesting procedures 

 
6.2 - Testing of Subsystems 

• Operation of subsystems (e.g., heat recovery loop through heat exchanger) 
• Verify subsystems operate within specifications over range of operating 

conditions including start-up, steady state operations, shutdown, and abnormal 
operations 

 
6.3 - Testing of Integrated Systems and Automatic Controls 

• Operation of ECM devices under automatic control (DDC) 
• Verify control settings, monitoring of equipment operation, trend logging, and 

printouts 
• Proper operation of equipment interfaces 
• Verify start-up, shutdown, steady state, abnormal, and emergency modes of 

operation 
 

7.0 Commissioning Report 
Document results of commissioning, to include: 
• Design intent 
• Test and balance reports 
• Results of pre-functional tests 
• Results of functional tests 
• Document any deficiencies and corrective action taken 
• Document equipment performance, initial control settings, reviews, etc. 
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• Issues and event log 
 

Roles and Responsibilities of Commissioning Team 
 
The table below shows the names and contact information for representatives of the primary 
parties responsible for implementing the project. 
 

Team Members and Contact Information 

Team Member Co. & Contact Names 
Voice, Office, Cell, Fax, Email, 

Address 

Owner Hagel Building 
Contact Person TBD 

 

Design Build Contractor Sempra Energy Services 
Craig Pals, Project Manager 

Mobile:  
Office:  
Fax:  
Email: 

Commissioning Agent Sempra Energy Services 
Agent TBD 

Office:  
Fax:  
Email:  

S1: Mechanical 
Subcontractor 

TBD  

S2: Electrical 
Subcontractor  

TBD  

S3: Controls Subcontractor TBD  
S4: Equipment 

Manufacturers 
TBD  

 
 

General Descriptions of Roles 
 
General descriptions of the commissioning roles and responsibilities are as follows: 

 
Commissioning Responsibility Matrix 

Title Description of Responsibilities 

DB: Design Build contractor; Fulfills roles of CA, CM, GC, PM, and A/E (below) 

CA:  Coordinates the Cx process, writes tests, oversees and documents 
performance tests 

CM: Facilitates the Cx process.  Approves test plans and signs-off on performance 

GC:  Facilitates the Cx process, ensures that Subcontractors perform their 
responsibilities and integrates Cx into the construction process and schedule 

PM: Facilitates and supports the Cx process and gives final approval of the Cx work 
A/E: Perform construction observation, and assist in resolving problems 
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Mfr.:  The equipment manufacturers and vendors provide documentation to facilitate 
the commissioning work and perform contracted startup 

Subcontractors:  Demonstrate proper system performance through implementation of pre-
functional and functional tests 

 
 

ECM Facility Performance Requirements 
 
Preliminary facility performance requirements to be verified as part of the Commissioning 
include the following: 

 
ECM Facility Performance Requirements 

ECM Performance Requirements 

1.  Lighting Verify proper equipment installed.  Measure wattages of selected 
fixtures as described in M&V Plan. 

2.  Griswold Valves  
Verify proper operation of Griswold valves including measurements 
of pressure drop of valves.  Verify temperature and flow 
performance of affected fan coils. 

3.  Photovoltaic System Verify proper operation of PV system including kW output. 

5.  Reduce Primary Air  Verify programming of supply air set points and minimum airflow set 
points for affected VAV boxes. 

6.  Variable Speed Drives 
for Chilled Water Pumps 

Verify proper operation of the variable speed drives, including 
sensor operation, modulation of pump speed and pump motor kW. 

7.  Cogeneration System Verify performance of the cogeneration system including engine 
heat rate, maximum generating capacity, and hot water production. 
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PRICE PROPOSAL 
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Schedule DO-1 (Final) 
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DE-AM36-97EE73565

SCHEDULE DO-1 (Final)

Guaranteed Annual Cost Savings and Annual Contractor Payments

The Contractor shall complete the following statement:

If selected the Contractor shall complete the installation of all proposed ECMs not later than 12 months after delivery order award.

Delivery Order Number Contractor Name Project Site
Sempra Energy Services Hagel Federal Building

(a) (b) (c)

Performance DES Proposed Guaranteed Annual

Period Annual Annual Contractor

Year Cost Savings Cost Savings Payments

$ $ $

    ZERO (see note 7) 1,190,641$                                    1,190,641$                                     1,190,641$                                            

    ONE 162,547$                                       158,848$                                        158,847$                                               

    TWO 168,583$                                       164,884$                                        164,883$                                               

    THREE 171,735$                                       168,036$                                        168,035$                                               

    FOUR 174,943$                                       171,245$                                        171,244$                                               

    FIVE 178,209$                                       174,511$                                        174,510$                                               

    SIX 181,534$                                       177,835$                                        177,834$                                               

    SEVEN 184,917$                                       181,218$                                        181,217$                                               

    EIGHT 188,361$                                       184,662$                                        184,661$                                               

    NINE 191,866$                                       188,167$                                        188,166$                                               

    TEN 195,433$                                       191,734$                                        191,733$                                               

    ELEVEN 199,063$                                       195,365$                                        195,364$                                               

    TWELVE 202,758$                                       199,059$                                        199,058$                                               

    THIRTEEN 206,518$                                       202,819$                                        202,818$                                               

    FOURTEEN -$                                                  -$                                                    -$                                                           

    FIFTEEN -$                                                  -$                                                    -$                                                           

    SIXTEEN -$                                                  -$                                                    -$                                                           

    SEVENTEEN -$                                                  -$                                                    -$                                                           

    EIGHTEEN -$                                                  -$                                                    -$                                                           

    NINETEEN -$                                                  -$                                                    -$                                                           

    TWENTY -$                                                  -$                                                    -$                                                           

    TWENTY-ONE -$                                                  -$                                                    -$                                                           

    TWENTY-TWO -$                                                  -$                                                    -$                                                           

    TWENTY-THREE -$                                                  -$                                                    -$                                                           

    TWENTY-FOUR -$                                                  -$                                                    -$                                                           

    TWENTY- FIVE -$                                                  -$                                                    -$                                                           

    TOTALS 3,597,108$                                    3,549,024$                                     3,549,011$                                            
  (1)  The first year ( Year One) DES Proposed Annual Cost Savings reflects technical proposal & engineering estimates as presented in DO-4.
  (2)  The Guaranteed Annual Cost Savings are based on the site specific M&V plan.
  (3)  The Total of Annual Contractor Payments represents the delivery order price and should be supported by information submitted in Schedules DO-2 and DO-3,
        and their required supporting documentation (See Section H.24.2).
  (4)  If applicable, pre-performance period expenses will be submitted for year Zero.
  (5)  The Guaranteed Annual Cost Savings must exceed the Annual Contractor Payments (except year zero) for each year of the delivery order performance period.
  (6)  Provide escalation rates applied to DES Proposed Annual Cost Savings in column (a) as follows:

a) Electricity: 2.00% b) Natural Gas: 3.00%
         Energy Related O & M Savings  3.00%.
(7) Cost avoidance: $937,000 is billable upon contract signature; $253,474 is the NPV of utility incentives.  SES does not guarantee utility incentives.
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DE-AM36-97EE73565

SCHEDULE DO-2

IMPLEMENTATION PRICE BY ECM

  Project Site:  Delivery Order N   Contractor Name:

Hagel Federal Building   Sempra Energy Services

   

(a) (b) (c) = (a) x (1+(b))

Tech ECM No. Equipment Description - Title  ECM Total Implementation Mark-up Implementation Price

Category  Size Expense (%)

   ($)

C.2.17 Proposal Development Energy Surveys 193,815$                                 23.79% 239,932$                                           

C.2.5 1 Lighting Retrofit various 38,104$                                   25.00% 47,630$                                             

C.2.7 2 Recommission Griswold Valves various 43,117$                                   25.00% 53,896$                                             

C.2.11 3 PV - 17 kW System 17 kW (AC) 185,685$                                 15.00% 213,538$                                           

C.2.2 4 VFDs for Chillers n/a -$                                             25.00% -$                                                       

C.2.4 5 Reduce Primary Air n/a 76,681$                                   25.00% 95,851$                                             

C.2.2 6 VFDs for Secondary Pumps 7.5 to 30 HP 177,657$                                 25.00% 222,071$                                           

C.2.10 7 Install 260 kW Cogen Unit 260 kW 837,398$                                 25.00% 1,046,747$                                        

C.2.1 8 Boiler Replacement 3.6 MBTU 181,692$                                 25.00% 227,115$                                           

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

2,146,781$                                        
Notes: 1)  Total Implementation expenses shall include only direct costs, and no performance period expenses.
 2)  Contractor shall identify direct costs for DES and proposal development costs as a separate line item, as applicable.
 3)  Contractor shall attach adequate supporting information detailing total implementation expenses (direct costs), in accordance with Section H.24.2 of the contract.
 4)  Contractor shall propose bonded amount representing the basis of establishing performance and payment bonds per Section H.17 of the contract, as required.

5)  Attached supporting information shall be presented to identify portions of ECM or project expenses included in proposed bonded amount.
6)  Proposed Bonded Amount is assumed to include markup applied to implementation expenses above, unless otherwise specified by Contractor.
7)  For the following ECMs, enter the total installed capacity of new equipment in the units specified (e.g. chillers-150); chillers and packaged units in tons, VFDs in hp, boilers and furnaces
     in input Btu/hr, BAS/EMCS in number of points, transformers in kVA, generators in kW.  For lighting ECMs, specify baseline kW treated.
8) Sempra may use projected energy savings achieved during construction period (year 0) as offset to lower utility incentives and/or lower customer contribution.

Bonded Amount ($)
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Applicable 
Financial Index 10 Yr Treasury

DE-AM36-97EE73565 DE-AM36-97EE73565

SCHEDULE DO-3 Term (Years) 13 Issue Date 5/17/2005 SCHEDULE DO-3

Performance Period Cash Flow Index Rate 4.15% Source Performance Period Cash Flow

Added Premium 170 basis pts.

Project Interest 
Rate 5.78% Effective Through 5/17/2005

  Project Site:    Delivery Order No.:    Contractor Name:

 Hagel Federal Building DORFP # GS-09P-03-KS Sempra Energy Services

     Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Total

Total Implementation Price (DO-2 Total) 2,146,781$                    

Financing Procurement Price ($) (note  9) $169,805

Less Pre-Performance Period Payments (notes 5, 6 & 7) ($1,190,641)

Total Amount Financed ($) $1,125,944

ANNUAL CASH FLOW (PERFORMANCE PERIOD)

Debt Service:

Interest ($) (see note 8) ($0) $61,015 $57,998 $54,654 $50,978 $46,949 $42,578 $37,850 $32,741 $27,228 $21,288 $14,894 $8,020 $636 $0 $0 $0 $0 $456,828

Principal Repayment ($) $107,159 $51,280 $56,523 $62,121 $68,080 $73,770 $79,810 $86,218 $93,014 $100,221 $107,863 $115,965 $124,554 ($636) $0 $0 $0 $0 $1,125,944

Total Debt Service ($) (a) $107,159 $112,296 $114,521 $116,775 $119,058 $120,719 $122,389 $124,067 $125,755 $127,449 $129,151 $130,860 $132,574 $0 $0 $0 $0 $0 1,582,772$      

Performance Period Expenses:

Management/Administration ($) 5,210$                           5,366$               5,527$                  5,693$                  5,864$                  6,040$                  6,221$                  6,408$                  6,600$                  6,798$                  7,002$                  7,212$                  7,428$                  -$                          -$                          -$                            -$                          -$                          81,369$           

Preventative Maint ($)  <cogen O&M + R&R all inclusive> 17,361$                         17,361$             17,361$                17,361$                17,361$                17,882$                18,418$                18,971$                19,540$                20,126$                20,730$                21,352$                21,992$                -$                          -$                          -$                            -$                          -$                          245,813$         

Preventative Maintenance ($) <non-cogen only> 3,824$                           3,939$               4,057$                  4,179$                  4,304$                  4,433$                  4,566$                  4,703$                  4,844$                  4,990$                  5,139$                  5,294$                  5,452$                  -$                          -$                          -$                            -$                          -$                          59,726$           

Repair and Replacement ($) 8,015$                           8,256$               8,504$                  8,759$                  9,021$                  9,292$                  9,571$                  9,858$                  10,154$                10,458$                10,772$                11,095$                11,428$                -$                          -$                          -$                            -$                          -$                          125,183$         

Measurement and Verification ($) 6,940$                           7,148$               7,363$                  7,584$                  7,811$                  8,045$                  8,287$                  8,535$                  8,791$                  9,055$                  9,327$                  9,607$                  9,895$                  -$                          -$                          -$                            -$                          -$                          108,387$         

Permits and Licenses ($) -$                                   -$                       -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                            -$                          -$                          -$                     

Insurance Premium For Availability Risk($) -$                                   -$                       -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                            -$                          -$                          -$                     

Property Taxes ($) -$                                   -$                       -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                            -$                          -$                          -$                     

Other (describe & itemize on attachment) ($) -$                                   -$                       -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                          -$                            -$                          -$                          -$                     

Subtotal Performance Period Expenses ($) 41,350$                         42,070$             42,811$                43,575$                44,361$                45,692$                47,063$                48,475$                49,929$                51,427$                52,970$                54,559$                56,196$                -$                      -$                      -$                        -$                      -$                      620,478$         

Performance Period Mark-up (%) 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

Performance Period Mark-up ($) 10,338$                         10,518$             10,703$                10,894$                11,090$                11,423$                11,766$                12,119$                12,482$                12,857$                13,242$                13,640$                14,049$                -$                      -$                      -$                        -$                      -$                      

Total Performance Period Expenses (b) 51,688$                         52,588$             53,514$                54,469$                55,452$                57,115$                58,829$                60,594$                62,411$                64,284$                66,212$                68,199$                70,245$                -$                      -$                      -$                        -$                      -$                      775,598$         

Total Annual Contractor Payment (a)+(b) 158,847$                       164,883$           168,035$              171,244$              174,510$              177,834$              181,217$              184,661$              188,166$              191,733$              195,364$              199,058$              202,818$              -$                      -$                      -$                        -$                      -$                      2,358,370$      

Notes: 1) Performance Period Expenses shall include only direct costs, and no implementation period expenses. 5) Less Pre-Perfomance Period Payments includes Customer Contribution and Utility Incentives.  The amount of each are: Customer Contribution: 937,000$              Net Present Value of Utility Incentive: 253,641$              
3)  Contractor shall attach adequate supporting information detailing total performance period expenses (direct costs), in accordance with Section H.24.2 of the contract. 6) Sempra does not guarantee utility incentive amounts.
3)  If applicable, contractor shall specify escalation rate applied to Performance Period Expenses:  3.00%. 7) Sempra may use projected energy savings achieved during construction period (year 0) as offset to lower utility incentives and/or lower customer contribution.
4)  If applicable, pre-performance period payments will be applied in year Zero to reduce principal repayment. Estimated const. period savings= 31,391$                (estimated at 50% of annual savings from ECMs 1, 2, 3, 5 & 6)

8)  Financing is based on Annual-in-Advance Payments.
9) Finacing procurement includes the following items: Performnc. Bond: 10,734$                Builder's Risk Ins: 3,220$                  Inter. During Const: 100,851$              Finance Procurmnt: 55,000$                

Do Not Remove  (RWC)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Project Capitalization
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SCHEDULE DO-4 DE-AM36-97EE73565
First Year Energy And Cost Savings By ECM,Technology Category, and Delivery Order

Project site: Delivery Order No. Contractor Name: Project Square Footage (KSF)
Hagel Federal Building Sempra Energy Services

(a1) (b1) (c1) (d1)
Electricity Electricity Natural Other

Energy Demand Gas Savings
($/kWh) ($/kW) ($/therm) ($/MMBTU)

Baseline Energy Prices (provide supporting attachment) -$             -$               -$             -$             -$             

(a) (b1) (b2) (c1) (c2) (d1) (d2) (e1) (e2) (f) (g) (h) (i) (j) (k)
=.003413xb1+d1+e1 =B2+C2+D2=E2 Other =(g)+(h) =j/I

n/a NPV of Energy Related
Tech ECM ECM Electricity Electricity Natural Natural ESTIMATED Total Total & O & M Estimated Implementation
No. No. Energy Energy Savings Demand Demand Gas Gas Other UTILITY Energy Energy Cost Cost Annual Cost Price Simple

Baseline Savings Savings Savings Savings Savings Savings INCENTIVE Savings Savings Savings Savings Payback
(mBTU/yr) (kWh/yr) ($/yr) (kW) ($/yr) (MBTU/yr) ($/yr) (MBTU/yr) $ (MBTU/yr) ($/yr) ($/yr) ($/yr) ($) (yr)

C.2.5 Lighting Retrofit 111015.9 10,682.16$    7.9 -$             0.0 -$               0.0 5,247$             378.9 10,682$       -$                10,682$    47,630$          4.5            
C.2.7 Recommission Griswold Valves 4770.7 755.22$         0.0 -$             0.0 -$               0.0 -$                 16.3 755$            -$                755$         53,896$          71.37        
C.2.11 PV - 17 kW System 28364.0 2,921.00$      17.0 -$             0.0 -$               0.0 44,999$           96.8 2,921$         -$                2,921$      213,538$        73.10        
C.2.2 VFDs for Chillers 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -$                   -            
C.2.4 Reduce Primary Air 286479.2 29,199.03$    0.0 -$             0.0 -$               0.0 37,916$           977.8 29,199$       -$                29,199$    95,851$          3.28          
C.2.2 VFDs for Secondary Pumps 136028.4 19,224.03$    0.0 -$             0.0 -$               0.0 18,003$           464.3 19,224$       -$                19,224$    222,071$        11.55        
C.2.10 Install 260 kW Cogen Unit 1066338.0 120,365.00$  260.0 -$             -7990.3 (27,230.00)$   0.0 147,476$         -4350.9 93,135$       -$                93,135$    1,046,747$     11.2          
C.2.1 Boiler Replacement 0.0 -$               0.0 -$             391.4 3,130.05$      0.0 -$                 391.4 3,130$         3,500$         6,630$      227,115$        34.26        

0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$             0.0 -$               0.0 -$                 0.0 -$                 -$                -$              -            
0 0.0 -$               0.0 -$            0.0 -$              0.0 -$                0.0 -$                 -$                -$             -          

Total 1,632,996    183,146         285              (7,599)          -                 253,641$         (2,025)                  159,047$     3,500$         162,547$  1,906,848$     13.21

Notes: 1)  Project Square Footage (in 1000 SF) - Include only building square footage affected by installed ECMS in project. 5) Utility Incentive based on NPV of $ received in year 1 and discount rate = 5.78%
2)  For column (a) insert estimated energy baseline by ECM and total project in MBTU based on DES and Final Proposal data. a) VFD incentives based on $0.14/kWh per SPC program.
3)  Energy conversion factors for MBTU:  MBTU = 10^6 BTU; Electricity - 0.003413 MBTU/kWh; Natural Gas - 0.1 MBTU/therm; #2 Oil - 0.128 MBTU/gal. b) Lighting utility incentive based on $0.05/kWh per SPC program.
4)  Specify "Other" energy savings in (e)(1) & (e)(2) as applicable.  Include energy type __________; energy units _________; and BTU conversion factor _____ BTU/______ (unc) Cogen incentive of $600/kW and CEC PV program at $2.80/kW
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DE-AM36-97EE73565

SCHEDULE DO-5

Annual Cancellation Ceiling Schedule

  Project Site Delivery Order No.:   Contractor Name

Hagel Federal Building Sempra Energy Services

Outstanding Total

Capital Cancellation

Investment Ceiling

$

  Installation Acceptance 1,125,944$                                  1,216,019$                                  

  End Of Year One 1,079,800$                                  1,166,184$                                  

  End Of Year Two 1,025,502$                                  1,107,543$                                  

  End Of Year Three 965,635$                                     1,042,886$                                  

  End Of Year Four 899,838$                                     971,825$                                     

  End Of Year Five 827,729$                                     893,947$                                     

  End Of Year Six 749,589$                                     809,556$                                     

  End Of Year Seven 665,050$                                     718,254$                                     

  End Of Year Eight 573,723$                                     619,621$                                     

  End Of Year Nine 475,197$                                     513,212$                                     

  End Of Year Ten 369,035$                                     398,558$                                     

  End Of Year Eleven 254,778$                                     275,160$                                     

  End Of Year Twelve 131,938$                                     142,493$                                     

  End Of Year Thirteen -$                                             -$                                             

  End Of Year Fourteen

  End Of Year Fifteen

  End Of Year Sixteen

  End Of Year Seventeen

  End Of Year Eighteen

  End Of Year Nineteen

  End Of Year Twenty

  End Of Year Twenty-one

  End Of Year Twenty-two

  End Of Year Twenty-three

  End Of Year Twenty-four

  End Of Year Twenty-five

  TOTALS
  (1)  Outstanding Capital Investment - A fixed subset of Total Cancellation Ceiling.  Constitutes the remaining unamortized principal on Total Amount Financed
         for each time period specified above plus any prepayment charges, as negotiated for the delivery order award.
  (2)  Cancellation Ceilings for each time period specified above establish the maximum termination liability for that time period.  Actual Total termination costs
         will be negotiated.
  (3)  The contractor may attach a monthly Financing Termination Liability Schedule which must correspond to the annual amounts submitted above in each 
         year for Outstanding Capital Investment.
  (4)  In the event of delivery order cancellation or termination for convenience, FAR 52.217-2 or 52.249.2 will apply.  Changes to a delivery order based on
         mutual agreement of the parties rather than cancellation or termination may use the information in this schedule.
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Task Name Duration Start Finish

Design & Construction Phase 207 days Tue 5/17/05 Wed 3/1/06

Delivery Order Contract Awarded 0 days Tue 5/17/05 Tue 5/17/05

Submit Certificate of Insurance 3 days Tue 5/17/05 Thu 5/19/05

Submit Payment & Performance Bonds 5 days Tue 5/17/05 Mon 5/23/05

ECM 1 - Lighting 69 days Tue 5/17/05 Fri 8/19/05

Final Design & Procurement Package 10 days Tue 5/17/05 Mon 5/30/05

Hagel Review 5 days Tue 5/31/05 Mon 6/6/05

Finalize Procurement Package 3 days Tue 6/7/05 Thu 6/9/05

Solicit SubContractor Proposals 10 days Fri 6/10/05 Thu 6/23/05

SubContractor Selection 5 days Fri 6/24/05 Thu 6/30/05

Equipment Submittals 5 days Fri 7/1/05 Thu 7/7/05

Procurement 20 days Fri 7/8/05 Thu 8/4/05

Perform Lighting Retrofit 10 days Fri 8/5/05 Thu 8/18/05

SES Notice of Completion 1 day Fri 8/19/05 Fri 8/19/05

Hagel Acceptance 0 days Fri 8/19/05 Fri 8/19/05

ECM 3 - PV System 128 days Tue 5/17/05 Thu 11/10/05

Design/Build Contract Development 15 days Tue 5/17/05 Mon 6/6/05

Engineering & Design 25 days Tue 6/7/05 Mon 7/11/05

PG&E Review 15 days Tue 7/12/05 Mon 8/1/05

Hagel Review 10 days Tue 8/2/05 Mon 8/15/05

Equipment Procurement 35 days Tue 8/16/05 Mon 10/3/05

PV System Installation 20 days Tue 10/4/05 Mon 10/31/05

Startup / Testing / Commissioning 8 days Tue 11/1/05 Thu 11/10/05

Hagel Acceptance 0 days Thu 11/10/05 Thu 11/10/05

ECM 7 & 8 - Cogen/Boiler 192 days Tue 5/17/05 Wed 2/8/06

Design/Build Contract Development 7 days Tue 5/17/05 Wed 5/25/05

Engineering & Design 15 days Thu 5/26/05 Wed 6/15/05

Hagel Review 10 days Thu 6/16/05 Wed 6/29/05

Finalize Design 10 days Thu 6/30/05 Wed 7/13/05

PG&E Review 25 days Thu 7/14/05 Wed 8/17/05

Environmental Review / Permitting 10 days Thu 8/18/05 Wed 8/31/05

Develop Procurement Package 5 days Thu 9/1/05 Wed 9/7/05

Order Equipment 60 days Thu 9/8/05 Wed 11/30/05

Boiler / Cogen System Installation 35 days Thu 12/1/05 Wed 1/18/06

Startup / Testing / Commissioning 15 days Thu 1/19/06 Wed 2/8/06

Hagel Acceptance 0 days Wed 2/8/06 Wed 2/8/06

ECM 6 - VSDs for CHW Pumps 87 days Tue 5/17/05 Wed 9/14/05

Engineering & Design 15 days Tue 5/17/05 Mon 6/6/05

Hagel Review 10 days Tue 6/7/05 Mon 6/20/05

Finalize Design 5 days Tue 6/21/05 Mon 6/27/05

Solicit SubContractor Proposals 12 days Tue 6/28/05 Wed 7/13/05

SubContractor Selection 10 days Thu 7/14/05 Wed 7/27/05

Equipment Submittals 5 days Thu 7/28/05 Wed 8/3/05

Procurement 10 days Thu 8/4/05 Wed 8/17/05

Perform VSD Install 10 days Thu 8/18/05 Wed 8/31/05

Startup & Commissioning 10 days Thu 9/1/05 Wed 9/14/05

Hagel Acceptance 0 days Wed 9/14/05 Wed 9/14/05

ECM 2 (Griswold) / ECM 5 (Primary Air) 131 days Tue 5/17/05 Tue 11/15/05

Finalize Field Engineering Plan 15 days Tue 5/17/05 Mon 6/6/05

Hagel Review 10 days Tue 6/7/05 Mon 6/20/05

Solicit Subcontractor Proposals 15 days Tue 6/21/05 Mon 7/11/05

Subcontractor(s) Selection 10 days Tue 7/12/05 Mon 7/25/05

Schedule Field Work 2 days Thu 9/15/05 Fri 9/16/05

Field Measurements / Data Collection 12 days Mon 9/19/05 Tue 10/4/05

Identify Defiencies & Corrective Action 5 days Wed 10/5/05 Tue 10/11/05

Implement System Changes 15 days Wed 10/12/05 Tue 11/1/05

Validation Testing & Final Documentatio 10 days Wed 11/2/05 Tue 11/15/05

Hagel Acceptance 0 days Tue 11/15/05 Tue 11/15/05

Complete/Submit As-Built Documents 10 days Thu 2/9/06 Wed 2/22/06

Overall Notice of Completion 0 days Wed 2/22/06 Wed 2/22/06

Hagel Acceptance 5 days Thu 2/23/06 Wed 3/1/06

Begin Performance Period 0 days Wed 3/1/06 Wed 3/1/06

5/17

8/19

11/10

2/8

9/14

11/15

2/22

5/15 5/22 5/29 6/5 6/12 6/19 6/26 7/3 7/10 7/17 7/24 7/31 8/7 8/14 8/21 8/28 9/4 9/11 9/18 9/25 10/2 10/9 10/16 10/23 10/30 11/6 11/13 11/20 11/27 12/4 12/11 12/18 12/25 1/1 1/8 1/15 1/22 1/29 2/5 2/12 2/19 2/26
May 21 June 11 July 1 July 21 August 11 September 1 September 21 October 11 November 1 November 21 December 11 January 1 January 21 February 11 Mar

Project Schedule - Hagel Building Energy Retrofit
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