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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 I of three parts, and reviews four Custom process projects that fall into the 

categories of compressed air system modifications. 

 

The four compressed air projects included the installation of VFD screw compressors with 

coordinated controls at three sites; online/offline controlled screw compressors acting as base 

loaded machines at two sites, new cycling refrigerated dryers at all sites, large storage capacity at 

all sites, air-less auto drains at two sites, and upgrading of a centrifugal compressor and purchase 

of another at one site. 

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: 

• More accurately determine energy and demand savings achieved 

• Demonstrate cost-effectiveness to regulators and other interested parties 

• Set appropriate financial incentive levels and eligibility criteria for future years 

1.3  Scope 
Select Energy Services, Inc. (SESI) was commissioned by National Grid to evaluate five Custom 

industrial process projects installed in 2004.  At one of the 5 sites, controls modifications were 

being implemented at the time it was to be evaluated, which made it impossible to conduct an 

appropriate evaluation.   That particular site was dropped from the sample and due to time 

constraints was not replaced with another site.  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 
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site.  National Grid has recently changed the definitions of when seasonal peak demands occur 

and the hours that they define as on-peak.  For this year, the goals of the study also included 

determining peak demand and energy savings using these new definitions. 

 

All four of the evaluated projects were Design 2000plus (D2) 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. 

 

The projects broke down into the following service areas: in Massachusetts, two in the Southeast 

district, and one in the Central district.  The fourth project was in Rhode Island’s Capital district. 

1.4  Survey and Analysis Methods 
National Grid had a statistically random sample of 5 Custom process projects selected to be 

evaluated in this study.  As mentioned above, one of the five sites had to be dropped from the 

sample.  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 
SESI 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. 
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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 

about 4 weeks. 

5. Recorded all pressures and system-installed meter or gauge data (run time, temperatures, 

pressure setpoints, etc.) when we were at the site to install our metering equipment and 

later to remove it. 

1.4.3  Analyze Data 
 
General Approach 
 
SESI’s general approach to evaluating savings from compressed air systems was to construct the 

plant’s current annual compressed air load profile in the form of a bin table based on the 

recorded demand of the compressors and the manufacturer’s data linking demand to compressed 

air flow (cfm).  The kW/cfm efficiencies of the old and new compressors and hours of 

occurrence in each cfm bin were then applied to each load bin to determine total annual kWh per 

year. Energy savings are the difference between the base case and installed case annual usage.  

To determine savings coincident with the utility’s peaks, savings were calculated and reviewed 

with respect to time of day and week. 

 

A bin table approach typically captures savings better than simply reducing the compressor 

operation to one value for average cfm output/input, and thus one value for average efficiency.  

The one-value approach is a common practice, and was used in a number of the applications.  

The efficiency improvement of the new compressor over the old compressor is usually different 

at different cfm outputs.  It is important to reflect this difference throughout the actual range of 

compressor operation encountered at each site. 

1.5  Description of Evaluated Projects 
Three of the four sites involved the installation of new rotary screw compressors with VFDs as 

trim compressors because of their superior part load performance.  Two of those sites also 

installed non-VFD rotary screw compressors operating under online/offline controls for base 
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loading.  All new compressors had high-efficiency or premium-efficiency motors.  At each site 

large receiver capacity was added.  

 

The forth site had a relatively level compressed air load and exclusively used centrifugal 

compressors.  One of the compressors was upgraded with a new air end and an additional 

centrifugal compressor was added.  Distribution piping was enlarged and new oversized 

refrigerated dryers were added to reduce pressure drops in the system.  This site, which had two 

separate but interconnected systems (one system at ~ 100 psig and the other at ~50 psig), 

installed a demand controller/expander to meter compressed air from the high-side to the low-

side when occasionally needed. 

 

All sites included cycling refrigerated dryers, two sites included low pressure drop filtering and 

two sites included airless condensate drains. 

1.6  Results 

1.6.1  Numerical Results 
For the 4 applications that SESI evaluated, verified total unweighted energy savings comprised 

133% of the annual energy savings filed in the original Design 2000plus applications.  We 

determined that 41% of these energy savings for these four projects is coincident with National 

Grid’s “old” definition of on-peak period and 50% new on-peak period definition (the original 

applications indicated 39% of on-peak energy savings using the old definitions).  Total un-

weighted verified summer and winter peak coincident demand savings were 142% and 137% of 

the original projections, respectively.  Detailed comparisons are shown in Table 1-2 at the end of 

this section. 

 

Two sites dominated the savings figures: Sites 1 and 4.  They accounted for 83% of the 

evaluated kWh savings for all projects combined, compared to 90% of the applications’ 

estimates.  Combined, their evaluated energy savings were 123% of their applications’ estimates.  

The other projects’ evaluated savings were 221% of their applications’ estimated energy savings. 



National Grid Evaluation of 2004 Custom Process Installations Executive Summary 

1-5 

1.6.2  Reasons for Differences between Tracking Estimates and Evaluation Results 
For these projects, realization rates varied from a high of 229% to a low of 119%.  Each site had 

its own reasons for the difference in savings.  

 

Savings estimates are provided for seven quantities:  % on-peak kWh and summer and winter 

coincident peak kW for both the old and new definitions 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 
 

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

 
1 
 

Upgrade CAir 
System 132% Tracking analyst used 15% less operating hours 

than indicated. 

 
2 
 

CAir system in new 
plant: 3 comps, 3 
dryers, etc. 

214% 

Tracking analyst assumed cfm load was over 5 
times metered value.  The installed system was 
much more efficient at part load resulting in 
increased savings. 

 
3 
 

CAir system in new 
plant: 2 comps, 1 
dryer, etc. 

229% 

Tracking analyst assumed cfm load was over 10 
times metered value.  The installed system was 
much more efficient at part load resulting in 
increased savings. 

 
4 
 

Upgrade CAir 
System: modify a 
comp, install new 
compressor, increase 
distribution size, 2 
new dryers 

119% 

Net savings went up due to a mix of confounding 
issues:  Additional dumping of air from the high 
pressure system to the low pressure system and an 
overall increase in plant air use caused savings to 
significantly increase.  This increase was partially 
counteracted by correcting the tracking analyst’s 
assumption that the compressors operate in a less 
efficient constant pressure mode.  It was found that 
the compressors operate in auto-dual mode which 
significantly decreased savings. 

 

Reasons for savings discrepancies fell into the following categories: 

1. Assumed plant loads affected savings.  At all four sites the loads that were metered were 

different than assumed by the tracking analyst.  The tracking analysts’ loads were 125%, 

24%, 8% and + 115% of the metered values, at Sites 1, 2, 3 and 4 respectively.  Load 

variances can significantly affect savings depending on how compressors are loaded and 

staged. 
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2. Assumed annual operating hours affected savings.  At Sites 1 and 4, equipment 

scheduling was different than noted in the application.  Changes in equipment operating 

hours were + 15% and +2% at Sites 1 and 4 respectively.  Savings are tied directly to 

operating hours; fewer hours with all else being held constant, mean lower savings, while 

more hours mean larger savings. 

3. How equipment was operated/controlled significantly affected savings.  At Site 1 it was 

assumed that the multiple compressor system would operate in a perfect cascade (e.g. one 

compressor would act as trim while the others would be either fully loaded or off).  

However, it was found that two of the three compressors shared the load with both being 

partly loaded.  At Site 4 the compressors were controlled via an auto-dual mode, which 

was significantly more efficient than operating under constant pressure mode at low 

loadings as assumed in the TA study. 

4. Some applications did not include savings analyses for components that received 

incentives.  Site 3 installed air-less condensate drains but the tracking analyst ignored 

their presence when calculating savings.   

5. Erroneous equipment information affected savings.  Lack of documentation lead to errors 

in determining what was actually installed on site.  At Site 4, the tracking analyst 

assumed all three pre-existing low-pressure centrifugal compressors that were to be used 

in the proposed system would have inlet guide vanes, even though only one had them.  

Site 4’s tracking analyst also assumed different compressor performance than was shown 

on available manufacturer’s curves.  

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 parameter that can be improved 

upon, almost universally, is to better document the rates of compressed air production.  Air 

production rates can have a major impact on energy use and savings.  Particular emphasis should 

be made to better define the compressed air load by short term metering, if at all possible.  All of 

these projects were Design 2000plus projects and by definition changes are being made or a new 

system was being installed.  However, at Site 3 the analyst was off by more than an order of 
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magnitude and at Site 2 they were off by a factor of five.  An improved effort in making more 

credible estimates of compressed air usage should be done so savings estimates are more 

accurate and customers end up with properly sized systems. 

 

Estimating operating hours is typically a major cause of savings discrepancies, but this year only 

at Site 1 was it a problem, and even there the analyst discussed operating hours that were very 

similar to those found in the evaluation but used different hours in his calculations. 

 

If applicants are applying for incentives for components they should be required to calculate 

savings for those components.  For example, Site 3 received incentives for air-less condensate 

traps, an appropriate measure, but there were no savings calculations in their support.  Low 

pressure drop filters is another common measure seen in these evaluations for which calculations 

are typically not done or if calculations are done they are based on erroneous assumptions (this 

year’s applications did calculate savings).  Site 4 applied for and received incentives for two new 

cycling compressed air dryers, a valid measure, but there were no savings calculations to support 

them. 

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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Table 1-2: Custom Process Projects—Summary of Results 
(with OLD definitions of On-Peak and Super Peak Demand periods) 

 
 

On- On- On-
SESI EI / LOC APPL CUSTOMER Peak Sum. Wint. Peak Sum. Wint. Peak Sum. Wint.
ID D2 ID # TYPE & LOCATION kWh/yr % kW kW kWh/yr % kW kW kWh/yr % kW kW

1 D2 2262352 215618 Forge                                          
Grafton, MA 569,445 37% 65.18 65.18  752,285 39% 90.34 86.44 132% 106% 139% 133%

2 D2 4587075 500552 Window Manufacturer                
Fall River, MA 101,705 45% 15.60 15.60 218,124 57% 36.87 44.35 214% 127% 236% 284%

3 D2 7515375 503650 Wood Products Manufacturer      
Providence, RI 95,871 53% 13.50 21.00 219,198 51% 33.17 32.22 229% 96% 246% 153%

4 D2 2281452 504573 Glass Bottle Manufacturer           
Milford, MA 1,189,588 39% 135.80 135.80 1,413,193 38% 166.52 163.62 119% 98% 123% 120%

EI Subtotal 0 0.0 0.0 0 0.0 0.0
D2 Subtotal 1,956,609 39% 230.1 237.6 2,602,800 41% 326.9 326.6 1.33 1.05 1.42 1.37

Total 1,956,609 39% 230.1 237.6 2,602,800 41% 326.9 326.6 1.33 1.05 1.42 1.37

 Peak Coinc. Peak Coinc. Peak Coinc.
SESI EVALUATION SVGS RATIO SESI / TRACKINGNat. Grid TRACKING EST. SVGS
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Table 1-3: Custom Process Projects — Summary of Non-Electrical Benefits 
(with NEW definitions of On-Peak and Super Peak Demand periods) 

 

On- On- On-
SESI EI / LOC APPL CUSTOMER Peak Sum. Wint. Peak Sum. Wint. Peak Sum. Wint.
ID D2 ID # TYPE & LOCATION kWh/yr % kW kW kWh/yr % kW kW kWh/yr % kW kW

1 D2 2262352 215618 Forge                                          
Grafton, MA 569,445 37% 65.18 65.18  752,285 48% 85.20 84.09 132% 106% 139% 133%

2 D2 4587075 500552 Window Manufacturer                
Fall River, MA 101,705 45% 15.60 15.60 218,124 64% 34.16 44.33 214% 127% 236% 284%

3 D2 7515375 503650 Wood Products Manufacturer      
Providence, RI 95,871 53% 13.50 21.00 219,198 63% 32.69 32.16 229% 97% 246% 153%

4 D2 2281452 504573 Glass Bottle Manufacturer           
Milford, MA 1,189,588 39% 135.80 135.80 1,413,193 47% 165.61 163.62 119% 99% 123% 120%

EI Subtotal 0 0.0 0.0 0 0.0 0.0
D2 Subtotal 1,956,609 39% 230.1 237.6 2,602,800 50% 317.7 324.2 1.33 1.27 1.38 1.36

Total 1,956,609 39% 230.1 237.6 2,602,800 50% 317.7 324.2 1.33 1.27 1.38 1.36

 Peak Coinc. Peak Coinc. Peak Coinc.
SESI EVALUATION SVGS RATIO SESI / TRACKINGNat. Grid TRACKING EST. SVGS

 
 
 
 

 
 


