Final Report for

National Grid USA Service Company
Evaluation of
2006 Custom Process Installations—Part 11

July 24, 2008

Prepared by

UTS Energy Engineering, LLC
141 South Central Ave,
Quincy, MA 02170
617-471-3454



TABLE OF CONTENTS

SECTION 1. EXECUTIVE SUMMARY ....coiiiiirerr e e ettt 1
L1 IOOAUCTION ..ottt e et e ae e v se e et ere et s st sasasenesmenesen 1
L2 Purpose OF STUAY .c.oeieeiee ettt ettt e ae s e rs st s s 1
1.3 C0PIE ettt ettt bt eb et b s b s nenter s eatsre e se et sraat s se b emeen et e e nenae 1
1.4 Survey and Analysis MethOdS......cocivevriririnirrces et et 2
1.5 Description of Evaluated ProjectS......cocueirriiieceiiies et e evess s e esresssss s ses 3
L0 RESUIES ..ottt ettt st r s bbbt e res e et s e e et sesse s neanes 4
1.7 ReCOMMENAAIONS ... .iviietieereiieteriietesseaesesee e e essseseessesbe st eseesabesseassbestensemeassnesesneensnesseenenes 6
1.8 Description of How Results Are Used in Savings Calculation...........ccoccovveeeiiveeeneeveeeeeenee 7

SECTION 2. EVALUATION PROCESS. ...ttt tens s s anenn 10
2.1 Bite ENTOLIMENL ..ottt riee e et eeeas e ees e esaeseersasatssassasseseeneene e 10
2.2 Site Measurement and Evaluation PIANS ......ccc..covveeveireee ittt 10
2.3 VASIE STIES e ieer e e esaes e e s escaeas et eas e mnenseee s erese e e ene e e s e s eaesmeeneenenaes 10
2.4 ANALYZE DALA......ocooieeeieer et n ettt n e e en e e r st e saerenes 11
2.5 PIepare REPOITS......ccouiiireicriieeeieieee ettt et e et e e e s re st sra sttt sesstessenessestsnessnas 11

SECTION 3. SITE REPORTS ...ttt sasss e sttt s s s s 12
3.1 Plastic Manufacturer, RI.......ooov ittt e e eeasenesaesseesnesreeseaeeeeneans S1-1
3.2 Ski Mountain, NH........coovriiieiiieieiie ettt ettt sn e te e sns e en e e sran s ne S2-1
3.3 Supermarket, MA ...t e et ee s bbbt bt nen s ene s S3-1
3.4 DALY, MA oottt bt en e r e ettt et et s S4-1
3.5 Freezer Facility, RL.......oo ittt st eae s sa e s S5-1
3.6 Semi-Conductor ManUIACTUIET, MA .......ooooeieeiecieetieeeeeeeeeeeeseeeeee e eesseseseaeseeseneeesarees S6-1
3.7 Metal Plating Company, RL......c.cccciviiiiiiniiiiiiirnesscesrereseesteeve e s s s san e e et sseeene S57-1

Supplementary data follows each site report.

c\]-uts\ngridiindustrial - 2007\final reports\2007_report_uts_exec_sum-jg6.doc

UTS Energy Engineering, LLC i



SECTION 1. EXECUTIVE SUMMARY

1.1 Introduction
National Grid provides technical and financial assistance to their commercial and industrial

customers for equipment and building energy efficiency improvements. Improvements can be
either custom-engineered or selected from a list of prescribed measures. This impact evaluation
study is Part II of three parts, and reviews seven Custom process projects that fall into five
categories: process systems (2), process cooling (2), refrigeration controls (1), industrial

refrigeration (1) and non-HVAC VFDs (1).

The seven projects included the installation of an all electric plastic injection molding machine,
efficient snow making guns, supermarket refrigeration controls, a dairy product process cooling
economizer, an ammonia refrigeration system, cooling water flow restrictors on a process cooling

system and specialized chillers for cooling metal plating baths.

1.2 Purpose of Study
National Grid seeks to quantify the actual energy and demand savings attributable to these

Custom process projects in order to:
e More accurately determine energy and demand savings achieved
¢ Demonstrate cost-effectiveness to regulators and other interested parties

e Sect appropriate financial incentive levels and eligibility criteria for future years

1.3 Scope
UTS Energy Engineering, LLC (UTS) was commissioned in August 2007 by National Grid to

evaluate seven Custom industrial process projects installed in 2006. The specific goal of this
study was to confirm the annual energy savings (kWh per year), the percent of energy savings
that occurs on-peak, and the summer and winter peak coincident demand savings (kW)
attributable to the projects at each site program. For this year, the goals of the study also
included determining peak demand savings using the ISO-NE (New England’s Independent
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National Grid Evaluation of 2006 Custom Process Installations Executive Summary

System Operator) Forward Capacity Market (FCM)-based definitions, which were not in place
for the 2006 programs, but which National Grid is using currently.

Three of the evaluated projects were Design 2000p/us (D2) projects and the other four Energy
Initiative (EI) projects. The Design 2000plus program is meant for new construction or new
systems and for old systems that are being replaced and redesigned to meet new conditions,
where the base-case is not the pre-existing system, but one that is designed to meet the
anticipated load. Energy Initiative projects replace existing equipment or systems for the sole

purpose of saving energy.

1.4 Survey and Analysis Methods
National Grid selected the seven specific sites for this evaluation from a random sample of

custom process projects to be evaluated. The evaluation involved physical inspection of every
installation, on-site metering, interviews with facility staff members, and engineering analyses.

The following paragraphs describe the general approach taken to evaluate each site.

1.4.1 Review Application and Original Savings Methodology
UTS reviewed the descriptions of the projects and the savings calculation methodologies

provided in the original applications. In particular, we assessed the reasonableness of the original
approach to calculating savings. Whenever it was technically appropriate and possible, we
attempted to mirror that approach in our re-evaluation of savings. Based on this review, we

developed site measurement and evaluation plans for each site.

1.4.2 Visit Sites
We performed the following tasks, during our site visits:

1. Inspected and collected nameplate data for the new equipment.
2. Obtained scheduling and operational data through interviews with facility operators.

3. Took spot readings of amperage, voltage, power factors, and kW of affected equipment

with a hand-held multi-meter and recording power meter.

4. Installed data loggers on equipment to be evaluated, and allowed loggers to record for 4

weeks or more,
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5. Recorded all system-installed meter or gauge data (run time, temperatures, pressures, etc.)

when we were at the site to install our metering equipment and later to remove it.

1.4.3 Analyze Data

General Approach
UTS’s general approach for process projects starts with identification of the key parameters that

affect the energy consumption and savings of the system. These include process load, weather,
work and time off scheduling and equipment efficiencies. Metering is done for 4 weeks or more
to understand the relationships between the variables. If the relationships are simple, the analysis
may rely on a single calculation to represent annual energy use. If they are complex, a
multivariable regression used in a bin-type of analysis may be warranted. UTS tries to adopt the
methodology used in the application if it is reasonable and does not leave out important

parameters and considerations.

1.5 Description of Evaluated Projects
Site 1 was purchasing a new plastic injection molding machine (IMM) and two choices were

available: hydraulic or all electric. The hydraulic IMM was less expensive and maintenance
issues were well known because many of the plant's other IMMs were hydraulic. They decided
to purchase an all-electric IMM with utility incentives partially offsetting the more expensive
first costs. The advantages of the all electric IMM go beyond using less energy; production is

more repeatable and easier to set up thus reducing waste.

Site 2, a ski mountain, purchased more efficient snow making equipment, which uses less
compressed air to make a given amount of snow. Site 3, a grocery store, had controls installed
for their walk-in cooler door heaters and evaporator fans to limit their run time. They also
installed switches to shut off beverage refrigerators when the store was closed and replaced

evaporator fan motors with ECM motors.

At Site 4, a dairy pasteurizes its products with steam and then cools it back down quickly. They
used a cooling tower to reject heat from the product instead of having their ammonia

refrigeration system reject the heat, thereby saving energy. A fish freezing warehouse, Site 5,
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installed new chillers and ancillary equipment that were ammonia-based instead of freon-based to
save energy. At Site 6, the manufacturer used cooling water at many stations and installed
controls to bypass stations that did not need cooling water at the time, thereby allowing the VFD

to slow down the pump and save energy.

The last site, Site 7, anodized aluminum in acid baths. The baths must be kept cold, and the
choice of cooling was to install a stainless steel heat exchanger to separate the acid solution from
a glycol solution which was in turn chilled by a standard chiller, or purchase a chiller with
stainless steel heat transfer surfaces to chill the acid solution directly, The special chiller’s
temperature set point didn’t need to be as low as the standard chiller’s because there was no
intermediary heat exchanger inefficiency to overcome, thus saving chiller energy, plus fewer

pumps were needed resulting in less pumping energy.

1.6 Results

1.6.1 Numerical Results
For the seven applications that UTS evaluated, verified total unweighted energy savings

comprised 85% of the annual energy savings claimed in the original Energy Initiative and Design
2000plus applications. We determined that 62% of energy savings for these seven projects
occurs during the on-peak period compared to 41% on the original application estimates. Some
of the difference is due to a redefinition of the length of the on-peak energy period between 2005
and 2006, which changed from 13 hours to 16 hours per non-holiday week day.

Total un-weighted verified summer and winter peak coincident demand savings were 125% and
115% of the original projections, respectively, using NGrid’s definitions and 123% and 117%
using the FCM-based definitions. Detailed comparisons using the NGrid’s definition are shown

in Table 1-2 and for FCM-based definitions in Table 1-3 at the end of this section.

The ammonia refrigeration system serving the fish freezing warehouse instead of freon-based
systems dominated the savings figures. That project accounted for 71% of the evaluated kWh

savings for all projects combined, compared to 47% of the applications’ estimates. The ammonia
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refrigeration system project's evaluated energy savings was 127% of its application's estimate.

The other projects’ evaluated savings were 47% of their applications’ estimated energy savings.

1.6.2 Reasons for Differences between Tracking Estimates and Evaluation Results
For these seven projects, realization rates varied from a high of 145% to a low of 18%. Each site

had its own reasons for the difference in savings.

Savings estimates are provided for six quantities: summer and winter coincident peak kW for
both the National Grid and FCM-based definitions and % on-peak kWh and annual kWh. Table
1-1 lists the primary reasons for the differences in annual energy savings between the evaluation

results and the projected savings.

Table 1-1: Summary of Annual Energy Savings Discrepancies

Primary Reason for
Site Application Eval/Track Discrepancy of Savings Estimate

1 New Injection 145% Demand of both the pre and post equipment was
Molding Machine ’ different then originally metered

2 New Snow Making 18% Significant over estimate of snow making capabilities
Guns ° leading to most rebated equipment not being used

3 Walk-in Cooler 750 Evaluated component run times were different then
Controls ° estimated .
Process

4 Economizer 26% Over estimate of load and runtime.
Cooling
Industriat Over estimate of load increased VSD compressor

5 Refrigeration 127% savings relative to base-case, and evaporator fan
Upgrades runtimes were lower than estimated.

5 Process Water 23% Significant over estimate of speed, flow and head
Flow Restrictors ° reduction.
New Process o . .

7 Chillers 26% Over estimate of loads and system runtime.

Reasons for savings discrepancies fell into the following categories:
1. Assumed annual operating hours affected savings. At Sites 2, 3, 4, 5, and 7 component

runtimes were less than predicted. Site 2 runtimes were 87% less than predicted, while at

UTS Energy Engineering, LLC 5



National Grid Evaluation of 20606 Custom Process Installations Executive Summary

2.

other sites runtimes were 10% to 40% less than predicted in the applications. At Sites 1
and 3 some components had approximately 25% greater runtime. Savings are tied
directly to operating hours; fewer hours with all else being held constant, mean lower

savings, while more hours mean larger savings.

Assumptions of component demand or system loads affected savings. At Sites 1,3 and 5
some component demands were about 25% lower than noted in the applications, while at
Sites 1, 3 and 4 some components metered demands were about 25% higher than
anticipated. The sites with ammonia refrigeration systems, Sites 4 and 5, had

refrigeration loads that were 40% and 38% lower than anticipated, respectively.

Some applications did not include savings analyses for components that received
incentives or calculated savings for components that were not installed. At Site 3 the
vendor listed 34 refrigerator/freezer doors to receive anti-sweat heater controls; however,
the site only had 29 doors. Only 4 beverage refrigerators were being controlled where the
vendor listed 6. Energy use of Site 4°s cooling tower sump heater was not considered in
the application but had use throughout the winter. Site 1 purchased 20 new snow guns,

but for the past year only used at most 4 and 15 were ultimately removed from the site.

1.7 Recommendations
Most tracking analyses’ results were substantially different from the evaluated results. The main

reasons for the differences are noted above. In general, the parameters that can be improved

upon, almost universally, are:

® Better estimate operating hours and system loads.

Detailed conversations with operations staff and plant management are needed to better

understand seasonal production cycles and plans for use of new equipment in relation to

existing equipment.

¢ Include changes to other systems and all energy using components of the new system.

Applicants need to include the impact changes will have on other systems, such as HVAC

and lighting. Energy use by all components of the new equipment needs to be accounted for;

an example is cooling tower or equipment sump heaters that are typically ignored.
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® C(Clearly define what is being installed and its operation.
Applications need to be clear as to what is being installed and how those components will be
operated. A sequence of operation for the updated system is needed for complicated systems.
The same goes for the base-case conditions; describing what is there and how it operates is

critical to accurately assess savings.

e Insist on better measure counts and updates to vendor calculation methodologies.
Perhaps the most challenging situation is when vendors, who are calculating savings and
submitting application on behalf of their customers, overestimate runtime or load or report
incorrect measure counts. More effort should be put into post installation verification of

estimates.

1.8 Description of How Results Are Used in Savings Calculation
The site-specific results reported here will be used to calculate case-weighted realization rates for

each of the four savings parameters for the entire Custom process group population. These
realization rates will be applied to all sites in tabulating the post-evaluation gross energy and

demand savings.
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