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This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or rtsponsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Abstract 

This paper presents the pios and cons,& several enerwsavings estimating methods considered as 
part of a recent impact evaluation of energy conservation measures installed at a lumber mill in the 
Pacific Northwest. The energy conservation measures (adjustable speed drives, programmable logic 
controllers, and high efficiency motors) were installed when the mill was initially constructed rather 
than being installed as a retrofit. Therefore, direct measurement of baseline energy consumption was 
impossible. 

As described in this paper, several reasonable methods can be formulated for estimating the energy 
savings when a physical baseline does not exist. The alternative methods will often‘ result in radically 
different energy savings estimates, which may translate into significantly different conclusions 
regarding the efficacy of the energy conservation measures andor the energy conservation program 
being evaluated. Therefore, it is critical to understand and carefully consider the options for estimating 
energy savings when a physical baseline does not exist. 

Background 

An impact evaluation of energy conservation measures (ECMs) installed at Mayr Brothers Logging 
Company, Inc. (Mayr Bros.) was conducted by the Pacific Northwest Laboratory (PNL)(3) for the 
Bonneville Power Administration (Bonneville) as part of Bo~eville’s Energy $avhgs Plan (ESP). The 
E$P is designed to reduce electricity consumption in the industrial sector of Bonneville’s service I 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle 
Memorial Institute under Contract DE-AC06-76RLO 1830. 
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territory by offering cash incentives to firms participating in the Plan. The project at Mayr Bros. is 
one in a continuing series of industrial energy conservation projects to receive incentive payments from 
Bonneville and to have the project’s impact evaluated by PNL. 

The primary objectives of the impact evaluations are to determine how much electricity is saved by 
a project, how much the energy savings cost Bonneville and the Pacific Northwest, and how much of 
the energy savings can be attributed to the E$P. The effect, if any, of fuel switching, productivity 
improvements, and production changes on energy savings at the industrial facility, its serving utility, 
and in the Pacific Northwest are also examined as part of the impact evaluations. At Mayr Bros., 
ECMs were installed as part of a new facility, which complicates the energy savings estimate. The 
objective of this paper is to present and discuss options for estimating energy savings resulting from 
ECMs installed at a new facility, using the Mayr Bros. project as an example. 

Project Description 

Mayr Bros. is in the business of producing finished lumber from logs. Chips for pulping and hog 
fuel for boilers are significant co-products. Facilities are typical for a lumber mill and include log 
yards, sawmills, chipping mills, a boiler, a lumber kiln, and miscellaneous support facilities. Market 
conditions suggest that the diameter of the average log will decline in the future. In response to this 
trend, Mayr Bros. constructed a new mill to handle the smaller-sized logs. The principal components 
of the small log mill are the merchandiser, refuse system, and sawmill. The merchandiser processes 
raw logs into merchantable logs for resale or conversion into lumber. The first step is debarking. 
Based on quality, a debarked log is either routed to the refuse system for chipping or to the bucksaw 
where it is cut to various lengths. Logs passing through the bucking operation are sorted into bins by 
length and diameter where they are temporarily stored. Bark is sent to the refuse system for conver- 
sion to hog fuel. In the sawmill, merchantable logs are first directed through the hewsaw, which simul- 
taneously produces rough lumber and pulping chips. After trimming, the rough lumber is sorted and 
stacked, and then is sent to the kiln for drying. 

High-efficiency motors (HEMS) were installed in all three parts of the small log mill, while 
adjustable speed drives (ASDs) and programmable logic controllers (PLCs) were installed in the 
merchandiser and sawmill. In general, the ASDs and PLCs work together to increase the allowable 
flow of logs through the merchandiser and sawmill while keeping the motors more efficiently loaded. 
Flux-vector ASDs were used in the merchandiser due to the,high torque and precise control 
requirements that variable frequency ASDs cannot provide. Energy savings accrue via increased motor 
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efficiency (combination of HEMS and more efficient motor loadings) and increased throughput, which 
minimizes equipment idling time and spreads fured power requirements over a larger production base. 
This latter effect dominates the energy savings impact, which puts a premium on specifying the 
presumed production levels with and without the ECMs. 

Energy Savings Calculations 

As previously noted, the ECMs were installed at the time the small log mill was constructed, in 
contrast to being installed as a retrofit. Therefore, it was not possible to meter energy consumption for 
the "before" condition. In addition, historical production records were not available. BRACO Energy 
Services and Grays Harbor Public Utility District (the local utility serving Mayr Bros.) worked with 
Mayr Bros. prior to installing the ECMs to define expected motor loadings and production rates for the 
small log mill with and without the ECMs. These data were used by PNL to develop energy models 
for merchandiser, refuse, and sawmill systems to predict energy consumption at alternative production 
rates and operating schedules, which significantly impact mill energy productivity. 

Given the energy models, calculation of energy savings can proceed down several alternative paths, 
which vary depending on the perspective taken. Equations (1) through (6) present six basic alternatives 
for calculating energy savings when the ECMs are installed in a new facility. An energy index refers 
to the number of kilowatt-hours consumed per unit of production. "Baseline" refers to the conditions 
presumed to exist if the ECMs had not been installed and "ECM" refers to conditions with the ECMs 
installed. 

Energy Savings = (A - B) D 

Energy Savings = (A - C) D 

Energy Savings = (A - B) E 

Energy Savings = (A - C) E 

Energy Savings = (A D) - (B E) 

Energy Savings = (A D) - (C F) 
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Where A = estimated baseline energy index, 
B = measured ECM energy index, 
C = estimated ECM energy index, 
D = estimated baseline production, 
E = measured ECM production, and 
F = estimated ECM production. 

The approaches in Equations (1) through (4) focus on the change in unit energy consumption or 
energy productivity while the approaches in Equations (5) and (6) focus on the change in total energy 
consumption. Equations (5) and (6) are relevant to determining the actual change in kilowatt-hour 
consumption at the mill and the corresponding impact on the serving utility. Note that total energy 
consumption will increase if the percentage increase in production is greater than the percentage 
decrease in the energy index. 

Simply decreasing total energy consumption is not a sufficient objective for energy conservation 
programs in general, or the E$P in particular. That objective could be accomplished by shutting down 
industry production. Improvement in energy productivity is suggested as a more effective objective. 
Even if total industry production increases, energy productivity improvements effectively save energy 
compared to what energy consumption would have been if ECMs were not implemented. Thus, a 
focus on energy productivity is appropriate from a regional perspective, while focusing on total energy 
consumption at the mill is appropriate from the perspective of the serving utility. 

Equations (3) and (4) assume the energy productivity improvement applies to the new production 
level while Equations (1) and (2) assume the improvement only applies to the baseline production level. 
Implicitly, Equations (3) and (4) assume that without the ECMs, the new production would have 
occurred somewhere at the baseline productivity level. With at least two other small log mills in the 
Pacific Northwest employing conventional control technologies, this assumption seems reasonable. 
Conversely, Equations (1) and (2) implicitly assume that any incremental production associated with 
the ECM would have occurred somewhere else at the new productivity level. If all other small log 
mills were already employing the more efficient control strategy installed at Mayr Bros., then Equation 
(1) or (2) would be preferred. 

Equations (l), (3), and (5) are based on measured energy consumption with the ECMs, while 
Equations (2), (4), and (6) rely on estimated energy consumption with the ECMs. All equations are 
based on estimated energy consumption for the baseline system because the baseline small log mill only 
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existed on paper. In addition, Equations (1) through (6) are based on the reduction in energy 
consumption between the baseline and ECM systems. Therefore, absolute accuracy of ECM or 
baseline energy consumption is not as important as the relative accuracy of the two figures; the focus is 
on the difference between the two figures. Using two different approaches (e.g., estimated vs. 
measured) for calculating energy honsumption will almost always result in different values. The 
energy models were used to predict energy indices with and without the ECMs. Energy consumption 
predicted with the ECMs can be directly compared to measured energy consumption with the ECMs to 
judge the accuracy of the model. Although measurement (metering) produces a more accurate 
assessment of the energy consumption indices, the differences in measured and estimated (engineering 
calculation) values, with the ECMs installed, casts doubt on the accuracy of the estimated values for the 
baseline system. Therefore, some adjustment of the baseline indices (based on the knowledge of 
measured and estimated indices with the ECMs installed) is suggested. 

One possible adjustment mechanism is that defined by Equation (7). The difference found between 
measured and estimated ECM indices is presumed to proportionally apply to baseline indices. With 
this approach, an increase in measured ECM indices translates into an increase in the energy savings 
estimate, which runs counter to the intuitive relationship. However, the adjustment must be considered 
from the viewpoint that if the estimated ECM index is too low, then the estimated baseline index is also 
probably too low. Applying Equation (7) will likely improve the accuracy of the energy savings 
estimate, but this does run the risk that factors affecting the ratio of measured and estimated ECM 
indices do not apply to the baseline system. The adjusted baseline index calculated from Equation (7) 
can be substituted for the estimated baseline energy index in Equations (l), (3), and (5), where 
estimated and measured indices are mixed. Energy consumption indices and corresponding production 
assumptions are shown in Tables 1 through 3. The results of applying Equations (1) through (7) to the 
three principal operations at the small log mill are shown in Table 4. 

Adjusted baseline index = estimated baseline index (measured ECM 
indedestimated ECM index) 
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Table 1. Merchandiser Energy Consumption Indices and Production Levels 

1 

UnitsNr I 

II 

Estimated Baseline Production 
Measured ECM Production 

Estimated Baseline Energy Index 
Estimated ECM Energy Index 
Measured ECM Energy Index 
Adjusted Baseline Energy Index 

158,708 
175,565 

Table 2. Refuse System Energy Consumption Indices and Production Levels 

I kWh/Unit II 
Estimated Baseline Energy Index 
Estimated ECM Energy Index 
Measured ECM Energy Index 
Adjusted Baseline Energy Index 

61.60 
45.60 
17.70 
23.91 

Estimated Baseline Production 45,629 
Measured ECM Production 50,530 
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Table 3. Sawmill Energy Consumption Indices and Production Levels 

Estimated Baseline Production 
Measured ECM Production 

k W U n i t  

43,198 
68,477 

Estimated Baseline Energy Index 
Estimated ECM Energy Index 
Measured ECM Energy Index 
Adjusted Baseline Energy Index 

23.48 
17.97 
12.20 
15.94 

Table 4. Alternative Energy Savings Estimates 

Merchandiser 
Energy Savings 

(kwh) 

577,697 
453,905 
639,057 
502,116 
489,029 
352,089 
395,288 
437,273 
306,620 

2,003,113 
730,064 

2,218,267 
808,480 

1,916,365 
506,578 
283,3 80 
313,818 
196,632 

487,273 
238,021 
772,42 1 
377,308 
178,870 

(216,243) 
161,595 
256,158 

(146,809) 

3,068,803 
1,421,990 
3,629,745 
1,687,904 
2,584,264 

642,424 
840,263 

1,007,249 
356,443 

The figures presented in Table 4 demonstrate the wide variation in estimated energy savings 
possible, depending on the estimating method chosen. The variation is pronounced for the refuse 
system because of large differences between predicted and actual energy consumption, which amplifies 
the need to adjust the estimated baseline energy indices if they are to be used with measured ECM 
indices. Equation (6) or the combination of Equations (5) and (7) estimate an increase in sawmill 
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energy consumption because production increases by a greater percentage than the percentage decrease 
in the energy index. 

Energy savings calculations at the small log mill were further complicated by the fact that 
production during the metering period was not representative of conditions expected in the long run. 
This required an additional adjustment to the ECM energy index that was calculated via Equation (8). 
The energy savings estimating methods and results are summarized in Tables 5, 6, and 7. These 
calculations are based on substituting adjusted baseline and ECM indices calculated via Equations (7) 
and (8), respectively, into Equation (3). 

Adjusted ECM index = estimated long-run ECM index (measured ECM 
index/estimated ECM index) 

Table 5. Merchandiser Energy Savings Calculations 

Predicted baseline index = 8.90 

Predicted long-run ECM index = 7.20 

Actual index/predicted index at metered conditions = 5.26/6.04 = 0.871 

Adjusted baseline index = 8.90 0.871 = 7.75 

Adjusted long-run ECM index = 7.20 0.871 = 6.27 

Energy savings = (7.75 - 6.27) kWuni t  192,638 units/yr 
= 285,104 k W y r  
= 300,000 k W y r  (rounded) 
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Table 6. Refuse Energy Savings Calculations 

Estimated baseline index = 61.6 

Estimated long-run ECM index = 48.3 

Actual index/predicted index at metered conditions = 17.7/45.6 = 0.388 

Adjusted baseline index = 61.6 0.388 = 23.9 

Adjusted long-run ECM index = 48.3 0.388 = 18.7 

Energy savings = (23.9 - 18.7) kWuni t  55,480 units/yr 
= 288,496 k W y r  
= 300,000 k W y r  (rounded) 

Table 7. Sawmill Energy Savings Calculations 

Estimated baseline energy, index = 23.48 

Estimated long-run ECM energy index = 15.94 

Actual index/predicted index at metered conditions = 12.20/17.97 = 0.679 

Adjusted baseline index = 23.48 0.679 = 15.94 

Adjusted long-run ECM index = 15.94 0.679 = 10.82 

Energy savings = (15.94 - 10.82) kWuni t  99,320 unitdyr 
= 508,518 k W y r  
= 500,000 k W y r  (rounded) 

The data presented in Tables 1 through 3 and 5 through 7 show that the metered energy 
consumption was always lower than the predicted energy consumption at the same production rate and 
operating hour conditions. Specifically, the ratio of metered energy consumption to predicted energy 
consumption was 0.871, 0.388, and 0.679 for merchandiser, refuse, and sawmill systems, respectively. 
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The predictive equations were derived from known motor ratings and loading assumptions, which 
directly implies that the loading assumptions were too high for the ECM case. This also implies that 
motor loadings were too high for the baseline case because the majority of the energy savings are 
attributable to spreading fixed loads (e.g. , the refuse system) over a higher throughput rather than 
directly reducing energy consumption at the same throughput (e.g., via HEMS and more efficient load- 
ing of debarker and hewmill motors). Therefore, some adjustment of the baseline energy consumption 
indices is required to obtain a reasonably accurate estimate of energy savings. 

Conclusions and Recommendations 

Estimating the energy savings at the Mayr Bros. small log mill was complicated by the inability to 
meter energy consumption for the baseline system. The baseline system never physically existed and it 
was impossible to simply "turn off1 the ECMs and meter energy consumption after the mill was con- 
structed. Therefore, engineering calculations were required to estimate baseline energy consumption. 
Metering established actual energy consumption with the ECMs, which differed significantly from 
energy consumption predicted with the ECMs via engineering calculations. Additional evaluation 
problems stem from uncertainty in future production rates, which strongly affect the energy savings. 

The key recommendation resulting from this impact evaluation is to avoid the direct comparison of 
energy consumption estimates derived via engineering calculations and metering. If "before and after" 
metering is not possible, engineering calculations should be calibrated against metered data to enhance 
comparability. Thus, Equations (l), (3), or (3, used in combination with Equation (7), and Equation 
(8) if applicable, are recommended. The specific combination recommended depends on whether a 
local or regional perspective is taken and implicit assumptions regarding the energy efficiency of other 
similar facilities in the region. If calibration seems imprudent, basing energy savings entirely on 
engineering calculations (Equations [2], [4], or [SI) would be preferred to mixing calculations and 
metering. For the Mayr Bros. project, Equation (3), used in combination with Equations (7) and (S), 
was judged by PNL to provide the best estimate of energy savings from the perspective of Bonneville 
and the E$P. As always, care must be taken to account for the impact of changes in production 
conditions on energy savings. 
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