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The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-1 
Request: 
 
What was the rational for using the 10.05% discount rate in calculating the lifetime net present 
value of the CHP Project?   
 
Response: 
 
The calculation referred to in the question is understood as the calculation of the net present 
value (“NPV”) of the incremental gas revenues related to the proposed CHP project.  These 
revenues are future revenues of the Narragansett Electric Company’s gas delivery business.  The 
10.05% is the current pre-tax Weighted Average Cost of Capital (“WACC”) for the gas delivery 
business, as approved in the Amended Settlement agreement entered on December 20, 2012 and 
as filed with the Commission on January 24, 2013, in Compliance Attachment 6, Schedule 
MDL-3-GAS, page 56, row 9, column (e). As future revenues of the gas company, the current 
NPV of those revenues is most appropriately determined by using the WACC of the gas delivery 
portion of the Company. 
 
 
 
 

Prepared by or under the supervision of:  Ian Springsteel 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-2 
Request: 

 
According to page 5 of the Petition, the CHP Project is expected to reduce electricity 
consumption of centrally generated grid-supplied energy by 87,473 MWh/year with a total 
system efficiency of 58%.  Please explain how you arrived at 87,473 MWh.   
 
Response: 
 
The 87,473 MWh/year energy supply is based on the finalized Technical Assessment (TA) 
study, whereby the base line of 101,657 MWh/year was calculated using Toray’s existing 
consumption for the prior two years.  Using the proposed generators data provided by the 
equipment’s manufacturer, the Company calculated, in an electrically following mode, that the 
two engines would generate 87,473 MWh/year net. This is a combination of running production 
hours minus any new ancillary equipment.   
 
 
 
 

Prepared by or under the supervision of:  Mark DiPetrillo 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-3 
Request: 

 
Your AGT Financial Analysis references equipment life of 20 years. Why does the Offer Letter 
assume cogeneration equipment will remain in operation as the primary source of energy for a 
minimum period of 10 years?  Why not 20 years?  
 
Response: 
 
The major components of the CHP installation are expected to last approximately 20 years, so 
the assessment of the full lifetime benefit from the incremental gas sales is based on 20 years of 
such revenues.  The minimum performance period was designed to be less than this expected 
useful life as a minimum commitment by the customer to keep the CHP plant in place and 
operational, or face a financial penalty.  Maintenance requirements in the Minimum 
Requirements Document (Attachment A to the Petition) are intended to reinforce this 
commitment by the customer. 
 
 
 
 

Prepared by or under the supervision of:  Mark DiPetrillo and Ian Springsteel 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-4 
Request: 

 
According to the Letter of Award & Acceptance, (Offer Letter, Attachment 2, p. 7 of 9), 
“Customer agrees to allow National Grid periodic access to Toray Plastics (America), Inc. 
Energy Project’s invoices, records, utility bills, etc. to confirm the actual versus estimated 
performance as documented in the DSM Application and Technical Report.  This periodic access 
will not exceed the first two (2) years of the Energy Project’s commercial operation.”  Why is the 
periodic access limited to two (2) years and not four (4) or more years?   

 
Response: 
  
The term of (2) years is based on the Company’s existing Advanced Gas Technology program.    
However, this provision would not preclude the Company from collecting performance data over 
a four-year period, as specified in the offer letter (Attachment A to the Petition).   
 
 
 
 

Prepared by or under the supervision of:  Mark DiPetrillo 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-5 
Request: 

 
Page 3 of the Petition appears to discuss some, but not all, of the statutory criteria factored into 
the CHP plan.  Please explain how each of the statutory factors listed in R.I.G.L. §39-1-
27.7(c)(6)(iii) were considered in the CHP plan.  

 
Response: 
 
Rhode Island General Laws §39-1-27.7(c)(6)(iii) required the Company to factor the following 
criteria into its CHP program: “(A) Economic development benefits in Rhode Island, 
including…investments in combined heat and power systems; (B) Energy and cost savings for 
customers; (C) Energy supply costs; (D) Greenhouse gas emissions standards and air quality 
benefits; and (E) System reliability benefits.”  These factors were considered in the CHP plan as 
part of the 2013 Energy Efficiency Program Plan (“EEPP”), approved in Docket 4366 as 
follows: 
 

Economic development benefits were considered through the modification of the benefit 
cost test as proposed and adopted in the 2013 EEPP, Attachment 2, page 36.  These 
benefits were included in the screening process for the Toray project, as noted on page 3 
of the Petition. 
 
Energy and cost savings for customers, as well as energy supply costs are considered in 
the cost effectiveness testing of all energy efficiency programs, including CHP.  The 
costs and benefits of energy efficiency are among the factors included in the Total 
Resource Cost test as defined by the Standards approved by the Commission in Docket 
4202. 
 
Greenhouse gas benefits were considered through the modification of the benefit cost test 
as proposed and adopted in the 2013 EEPP, Attachment 2, page 36.  Although 
environmental benefits were not specifically considered in the benefit cost test for the 
Toray project, these benefits will be created by the installation of the project. 
 
System reliability benefits for CHP were considered through the modification of the 
benefit cost test as proposed and adopted in the 2013 Energy Efficiency Program Plan 
(EEPP), Attachment 2, page 35, to consider location specific distribution benefits, instead 
of system-wide benefits.  For the Toray project, local distribution benefits were zero. 

 
Prepared by or under the supervision of:  Jeremy Newberger 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-6 
Request: 

 
Assuming the incentives for the CHP Project are approved, when do you anticipate executing the 
final contract with Toray?  Will the contract be subject to Commission approval?   
 
Response: 
 
If the incentive package is approved by the Commission, then following such approval, the 
Company would negotiate and enter into an agreement with Toray that reflects the terms 
contained in the offer letter and any other terms and conditions that the Commission may order.  
If requested by the Commission, the Company would file a copy of the final agreement with the 
Commission.   
 

 
 

Prepared by or under the supervision of:  Mark DiPetrillo 



The Narragansett Electric Company 
d/b/a National Grid 

Docket No. 4397 
In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
Toray Plastics’ 12.5 MW CHP Project 

Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-7 
Request: 

 
Please provide a copy of the TA Study used to determine Toray’s eligibility for the EE 
incentives.   

 
Response: 
 
Please see Attachment COMM 1-7 for a copy of the TA Study.  
 
 
 

Prepared by or under the supervision of:  Mark DiPetrillo 
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Executive Summary 
 
Toray Plastics (America), Waldron Engineering and National Grid jointly participated in a Technical Assistance 
Study to investigate and conclude the optimal Combined Heat & Power System (CHP) based on Toray’s 2011 
energy usages and anticipated energy and preventive maintenance costs. 
 
The optimal CHP concluded is a pair of Kawasaki reciprocating engines totaling 12 MWe (Net), while also 
generating a total of 11,500 Pounds per Hour (pph) of 135 psig steam and 1,000 Tons of chilled water.  Medium 
pressure steam is generated from the engines’ exhaust gases heat and the chilled water is generated by a steam 
turbine-driven, centrifugal chiller.  All of the generated electricity will be directed toward the FAN building’s 
loads and all of the chilled water will be directed to the Lumirror building’s loads.  The generated steam will be 
used by both the Lumirror and FAN buildings. 
 
Boiler No.3 will continue to remain in Hot Standby (5,000 pph, 650 psig steam) and Lumirror’s existing 
Combustion Gas Turbine (CGT) will continue to serve Lumirror’s electric loads.  Although the CGT’s Duct-
Burner will continue to operate, it will be at a much reduced load due to the engines’ steam production.  
Lumirror’s chilled water plant will continue utilizing Free-Cooling as the first choice and be followed by the 
steam turbine-driven chiller when excess steam is available, then the existing electric chillers. 
 
Toray has requested and received contractor costs for the major components of the project (i.e., building, 
piping, electrical, controls, electric and NG utility interconnections, etc.) in addition to vendor prices on the 
major equipment (i.e., engine-generator sets, radiators, heat recovery boilers, emission control systems, etc.); 
including a special offer from Kawasaki for the engines-generators sets. 
 
The following two (2) tables summarize the anticipated financial and energy performance of the proposed CHP, 
respectively. 
 

Financial Summary 
 

Case 
Description 

 
Capital 

Cost 
($) 

Electricity & 
Natural Gas 
Incentives1 

($) 

 
Net Capital 

Cost 
($) 

 
Electric 
Costs2 

($) 

Natural 
Gas 

Costs3 
($) 

Preventive 
Maintenance 

Costs 
($) 

 
Total 
Costs 

($) 

Net 
Simple 

Payback 
(Years) 

Existing N/A N/A N/A $7,987,360 $4,704,237 $776,309 $13,467,906 N/A 
Proposed $22,700,000 $13,150,000 $9,550,000 $1,382,711 $8,451,663 $2,021,480 $11,855,854 N/A 

Savings/(Costs) ($22,700,000) $13,150,000 ($9,550,000) $6,604,649 ($3,747,326) ($1,245,171) $1,612,052 5.9 
 
Notes: 

1. Electric Energy Efficiency Program Incentive of $11,350,000 and Natural Gas Advanced Gas Technologies Program Incentive of $1,800,000. 
2. Based on NGrid’s projected electric B-62 Distribution Tariff and Toray’s projected electric commodity price. 
3. Based on Toray’s projected Natural Gas commodity price. 

 
 

Energy Summary 
 

Case 
Description 

 
Electric 
Energy 

(kWh/Y) 

 
Electric 
Demand 

(kW) 

 
Natural 

Gas 
(Therms/Y) 

 
Steam 

650 psig 
(Lbs./Y) 

 
Steam 

(135 psig) 
(Lbs./Y) 

Electric 
Chilled 
Water1 
(Ton-H) 

Steam 
Chilled 
Water 

(Ton-H) 
Existing 101,657,0001 21,0001 7,970,5812 339,753,9343 0 6,670,5973 0 
Proposed 14,184,000 14,000 14,319,999 321,191,954 88,805,215 2,167,292 4,503,305 

Decreases/(Increases) 87,473,000 7,000 (6,349,418) 18,561,980 (88,805,215) 4,503,305 (4,503,305) 
 
Notes: 

1. Based on NGrid’s total, metered data for both Lumirror and FAN in 2011. 
2. Based on NGrid’s total, metered data for the CTG CHP and Boiler No.3 in 2011; all other NG usages excluded. 
3. Based on metered data provided by Toray. 
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Facility Description 

Waldron Engineering & Construction, Inc.  Page 9  

2 Facility Description 

Toray Plastics (America) has a 70 acre campus located in North Kingston, RI that houses the TorayFan 
and Lumirror factories along with the corporate headquarters.  The TorayFan factory was built in 1987 
and is approximately 400,000 square feet.  The Lumirror factory, which was built in 1989, is 
approximately 300,000 square feet.  Toray Plastics (America) employs about 680 people and operates 
twenty-four hours per day, seven days per week, 365 days per year. 

The following table summarizes the existing utility infrastructure for both Lumirror and TorayFan. 

 

Figure 5 - Existing Facility Equipment Summary 

 

Figure 6 is a schematic representation of the utility infrastructure at Toray Plastics.  For additional site 
information, see the site plan in Appendix A. 

Existing Lumirror CHP Facility Equipment

(1) Combustion Turbine Generator, Taurus 70 7.5 MWe, nominal output

(1) Heat Recovery Steam Generator
with Natural Gas Duct Burner

600 psig, saturated steam
28,000 lbs/hr Unfired
65,000 lbs/hr with Duct Firing

(5) Electric Centrifugal Chillers (4) at 450 tons each, 0.567 kW/ton
(1) at 700 tons, 0.67 kW/ton

Existing TorayFan Chiller Plant Equipment

Area A3 Chiller Plant (2) at 450 ton Electric Centrifugal Chillers

Area A4 Chiller Plant (2) at 450 ton Electric Centrifugal Chillers

Area A5 Chiller Plant (2) at 400 ton Electric Centrifugal Chillers

Area J Chiller Plant (1) at 400 ton Electric Centrifugal Chiller
(1) at 500 ton Electric Centrifugal Chiller

Existing Central Boiler Plant Equipment (serves both Lumirror and TorayFan)

Boiler 1 (being decommissioned) 650 psig, saturated steam
33,000 lbs/hr

Boiler 2 (being refurbished) 650 psig, saturated steam
33,000 lbs/hr

Boiler 3 (normal hot stand-by boiler) 650 psig, saturated steam,
80,000 lbs/hr each

Attachment COMM 1-7 
The Narragansett Electric Company 
d/b/a National Grid 
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Facility Description 

Waldron Engineering & Construction, Inc.  Page 10  

 

Figure 6 - Utility Infrastructure Schematic 
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Load Profiles 

Waldron Engineering & Construction, Inc.  Page 12  

4 Load Profiles 

The first phase of the study was to develop hourly utility load profiles for steam, chilled water, and 
electricity.  These hourly load profiles are loaded into Waldron’s 8,760 model to calculate prime mover 
performance, auxiliary electric loads, waste heat recovery, utility costs, and operating and maintenance 
costs. 

4.1 Steam Load Profile 

There are four (4) steam pressure systems used at Lumirror and TorayFan.  Currently, all the campus 
steam is generated at 45 bar.  A portion of the steam is reduced to 16 bar for steam loads in Lumirror, 
another portion is reduced to 7 bar for steam loads in TorayFan, and a third portion is reduced to 5 bar for 
building heating loads.   

 

Figure 9 - Annual Steam Load by Pressure 

During peak heating season, the unfired capacity of the HRSG is not sufficient to cover the entire steam 
load, so the duct burners are fired to increase steam production.  In the event that the duct fired capacity 
of the HRSG is insufficient to cover the loads, Boiler #3 is dispatched to cover the remainder. 

Toray provided Waldron with historical steam load data for each of the pressure headers on a daily basis.  
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Load Profiles 

Waldron Engineering & Construction, Inc.  Page 13  

Hourly steam load data was also provided for a one month period of time.  This hourly load data was used 
to develop the shape of a normalized curve that correlates to the steam load in excess of the process steam 
load.  The process steam load is taken to be constant throughout the year and equates to 30,500 lbs/hr.  
The 8,760 steam profile was developed by taking the total steam production for the day, netting out the 
process load, and applying the normalized curve to the residual steam.  As a result of this, the general 
shape of the steam profile for each day is similar, but the magnitude of the curve varies based on the daily 
total steam load.  Figure 10 below shows three examples of the daily steam profile; one curve is for a 
winter daily steam load of 1.415 MMlbs/day, one curve is for a shoulder season daily steam load of 1.115 
MMlbs/day, and one curve is for a summer daily steam load of 0.775 MMlbs/day.  In all cases, there is a 
constant steam process load of 0.732 MMlbs/day. 

 

Figure 10 – Shape Examples of Daily Steam Profile 

Figure 11 below shows the 8,760 hour total steam load profile for 2011.  The annual total of this 8,760 
steam profile is within 0.23% of the annual total of the daily load data provided by Toray. 
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Load Profiles 
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Figure 11 - 8,760 Steam Load Profile 

Figure 11 shows the manufacturing process steam load of just over 30 kpph is maintained throughout the 
year.  During the heating season, the steam load increases to a peak of about 68 kpph.  The general shape 
and magnitude of the steam profile was the same for 2010 and 2011. 

To maximize the steam production from the recip engines, they were configured to produce steam at 9.5 
bar.  This provides for better heat recovery compared to generating at 45 bar, and provides sufficient 
pressure to the steam turbine driven chiller.  In order to verify that the steam could be fully utilized, a 
second steam profile was generated using the same methodology.  This steam profile, shown in Figure 12 
on the following page, corresponds to the 7 and 5 bar loads and was the profile against which the recip 
waste heat boilers operate. 
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Figure 12 - High Pressure and Low Pressure Steam Profiles 
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Load Profiles 
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Figure 13 - Steam Duration Curves 

Figure 13 shows the load duration curve for 2010 and 2011, which confirms that the year to year steam 
loads do not differ significantly.   

4.2 Electrical Load Profile 

Currently the Lumirror factory and the TorayFan factory are metered separately.  The Lumirror factory 
uses the electricity generated by the Solar Taurus 70 CTG in Cogen 1 to offset purchased electricity.  Any 
required electricity that is not provided by the CTG is purchased. 

The TorayFan factory has no on-site electrical generation and therefore purchases all needed electricity. 

8,760 electric load profiles were generated for both factories based on historical 15 minute interval data 
provided by Toray.   

Although Lumirror and TorayFan are independent load centers, Toray Plastics is a single customer to the 
utilities (e.g. Toray Plastics receives a single bill for both factories). 

The Lumirror electric load profile was used to model the hourly performance of the Taurus 70 CTG, 
which in turn affects the steam production of the HRSG and Duct Burner.  The TorayFan electric profile 
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Load Profiles 
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was used to model the performance of the proposed CHP.  Details of the modeling calculations are 
provided in Section 6 Modeling Methodology. 

 

Figure 14 - 8,760 Electric Load Profiles 

Figure 14 shows the 8,760 electric load profiles for both TorayFan and Lumirror.  Figure 15 shows the 
load duration curves for both Lumirror and TorayFan for the years 2010 and 2011.   
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Figure 15 - Electric Load Duration Curves 

4.3 Chilled Water Load Profiles 

Chilled water for the TorayFan plant is supplied from four different chiller plants within the factory.  
Historical load data was not available for these chillers.  Furthermore, it would be expensive to distribute 
chilled water from the proposed CHP site to the distributed chiller plants in the TorayFan facility because 
of their locations relative to the site of the proposed CHP.  The Lumirror chiller plant, on the other hand, 
is located adjacent to the proposed CHP site and it houses all of Lumirror’s chillers and chilled water 
pumps.  It would be more cost effective to connect to this system and historical load data existed for this 
plant, therefore, it was decided to use the proposed steam turbine driven chiller in the CHP to offset the 
electric motor driven chillers in Lumirror. 

Section 6 Modeling Methodology details the electric and thermal interactions between TorayFan and 
Lumirror and the effects that connecting to Lumirror’s chiller plant has on the existing Cogen 1 
performance. 

Figure 16 shows the 8,760 chilled water profile for Lumirror for 2011.  The graphic also illustrates the 
times during the year when a “free cooling” heat exchanger was used to cover the chilled water load.  
When the free cooling heat exchanger is used, it is able to cover the entire chilled water load. 
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Figure 16 - Chilled Water Load Profile 
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CHP System Description 
 
The proposed CHP consists of the following major equipment and is graphically represented by the below 
diagram. 
 

1. 1 x Reciprocating engine rated at 7.5 MWe and manufactured by Kawasaki Heavy Industries; M/N: KG-
18-V. 

a. 1 x Heat Recovery Steam Generator (HRSG) rated at 7,000 pph of 135 psig saturated steam and 
manufactured by Cleaver-Brooks; M/N: S-2.5-1414. 

b. 1 x Air-Cooled Hot Water Waste Heat Radiator. 
c. 1 x NOx and CO emissions control system. 
d. 0 x Natural Gas (NG) compressor (i.e., 38 psig supply pressure is acceptable). 

2. 1 x Reciprocating engine rated at 5.0 MWe and manufactured by Kawasaki Heavy Industries; M/N: KG-
12-V. 

a. 1 x HRSG rated at 4,500 pph of 135 psig saturated steam and manufactured by Cleaver-Brooks; 
M/N: S-2.5-1414. 

b. 1 x Air-Cooled Hot Water Waste Heat Radiator. 
c. 1 x NOx and CO emissions control system. 
d. 0 x Natural Gas (NG) compressor (i.e., 38 psig supply pressure is acceptable). 

3. 1 x Steam Turbine-Driven Chiller rated at 1,000 Tons and manufactured by York International; M/N: 
YSTLKLJH9-KGF. 

4. 1 x Lot of Electric Parasitic Loads equal to 443 kWe (i.e., 3.54% of each engine’s electrical rating). 
a. Various fans and pumps for radiator fans, building exhaust fans, emission control solution 

pumps, boiler feed-water pumps, etc. 
5. 1 x Lot of controls for the proposed CHP and also to integrate the existing CHP’s control. 
6. 1 x Lot of a new building to house all of the abovementioned equipment as well as the new electric 

switchgear, piping, plumbing, etc. 
 
All of the generated electricity will be directed toward the FAN building’s process and general loads and all of 
the chilled water will be directed to the Lumirror building’s process and general loads.  The 135 psig generated 
steam generated by the reciprocating engines will be used by both the Lumirror and FAN buildings for both 
process and space heating and to generate chilled water via the proposed steam turbine-driven chiller. 
 
With regard to the existing major equipment and systems, Boiler Nos. 1 & 2 will remain inoperative, while 
Boiler No.3 will continue to remain in Hot Standby (i.e., always generating ~5,000 pph, 650 psig steam).  
Lumirror’s existing CGT will continue to serve Lumirror’s process and general electric loads.  Although the 
CGT’s Duct-Burner will continue to operate, it will be at a significantly reduced 650 psig steam load due to the 
engines’ generating virtually all of the 135 psig steam for Lumirror and FAN.  Lumirror’s chilled water plant 
will continue utilizing Free-Cooling as the first choice and be followed by the steam turbine-driven chiller when 
sufficient steam is available from the reciprocating engines.  The existing electric chillers will be the last choice 
for generating chilled water for Lumirror’s process and general chilled water loads.  FAN’s decentralized chiller 
plants will not be affected by the proposed CHP. 
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Existing & Proposed Major Equipment & Systems 
Schematic Diagram 

 

 
 

Proposed CHP System 
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Proposed CHP System 
General Arrangement 

 

 
 
 

Proposed CHP System 
Electric One-Line Diagram 
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6 Modeling Methodology 

The model developed for this study dispatches the available plant equipment associated with each case in 
each hour of the year in a sequence intended to meet the facility’s utility loads in the lowest overall cost 
of operation possible.  The model contains equipment dispatch sequences for electricity production, steam 
production and chilled water production, as well as a methodology for utilizing steam and/or electricity to 
produce chilled water which is dependent upon the available on-site electrical and steam generation 
resources. 

The purchased fuel and electricity associated with the results of each hourly dispatch calculation are fed 
into rate structure models which apply each line item of the applicable tariffs in order to calculate utility 
expenses.  In addition to the costs associated with purchased fuel and purchased electricity, operation and 
maintenance costs are accrued in the model based upon equipment operating hours and maintenance cost 
factors for prime movers, boilers and chillers.  Refer to Section 5.1Utility Cost Basis for a summary of the 
actual prices applied to each of these line item components of overall operating costs. 

The model was run for one representative year for each case, and then a life cycle model was created by 
applying the capital cost and annual savings for each case into a 15-yr pro forma model.  The life cycle 
model treats the capital cost of each case as an “overnight cost”, and escalates the annual savings in each 
future year by 2.2%/yr to create the cash flows over the life of the project. 

6.1 Dispatch Sequences and Constraints 

Electrical Generation Dispatch Sequence 

Electrically, although Toray Plastics is billed by its local utility (NGrid) and its electricity supplier 
(Freedom?) as a single entity, physical constraints within the facility necessitated the creation of two 
independent electric nodes within the model: one for Lumirror and one for TorayFan.  At each node, the 
prime movers contained in each case were dispatched in an effort to meet, but never exceed, the electric 
load of the respective node.  Put simply, the existing Taurus 70 combustion turbine at Lumirror can only 
serve Lumirror electric loads, and likewise new electrical generators proposed for the TorayFan node can 
only supply power to meet the TorayFan profile.  As a result of this configuration, the model 
independently dispatches the electric generators at each node in each hour of the year, and then calculates 
the various cost components under the electrical tariff by assessing the coincident outcomes at each node.  
It is important to note that a minimum electric import is employed in the model at each node to provide a 
buffer against exporting electricity to the grid.  For the CTG the minimum import is 200 kW and for the 
proposed plant, the minimum import is 350 kW. 

The sequencing at each node is straightforward because the electric loads at each node far exceed the 
minimum operating load of the equipment considered in each case.  Thus, the equipment always runs- 
subject to an availability profile which shuts the equipment down in various hours to simulate scheduled 
and forced outages- in a load-following mode at each node. 

The electrical load at each node is the sum of multiple components: the base electrical profile of the node, 
the calculated auxiliary loads required to run the utility plant, and the calculated auxiliary loads required 
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to produce chilled water. 

Steam Generation Dispatch Sequence 

With respect to steam, the model contains a “high pressure” (45 bar) and “low pressure” (9.5 bar) profile.  
The high pressure profile corresponds to the combination of the 45 and 16 bar loads; the low pressure 
profile corresponds to the 7 and 5 bar loads.  The low pressure header is intended to be maintained at 9.5 
bar to provide adequate steam pressure to the steam turbine driven chiller. 

The steam load is the sum of multiple components: the base steam profile of the facility and the calculated 
steam consumption of steam chillers as applicable in each case.  (Note: pegging steam to the deaerator is 
implicitly contained within the base steam profiles.)  Steam is dispatched to produce chilled water in 
accordance with the Chilled Water Dispatch Sequence described in the following section. 

Once the steam load is established, the steam dispatch sequence is as follows: 

1. Maximize use of steam produced using waste heat from the electric generators at each node, 
without duct-firing.  Excess unfired steam production from waste heat is simply vented to 
atmosphere in the model. 

2. If additional steam is needed to satisfy the steam loads, dispatch duct-firing in the existing HRSG 
at Lumirror. 

3. If the Taurus 70 is down for maintenance and duct-firing is not available, dispatch one of the 
existing package boilers at the facility. 

Chilled Water Generation Dispatch Sequence 

The model explicitly deals with a single chilled water node, which is at Lumirror.  The existing chilled 
water load(s) at TorayFan are implicitly contained within the historical TorayFan electrical load profile, 
and are addressed simply by supplying the required electricity.  The electricity required historically to 
meet the Lumirror chilled water demand, however, was calculated in an hourly model (which also took 
into account historical free cooling at Lumirror) and then subtracted from the historical electric profile at 
Lumirror.  The corresponding chilled water load profile for Lumirror was included in the model, and 
chillers are dispatched in the hourly dispatch calculations as required to meet this profile. 

Because the summer steam load of the entire facility is already satisfied using steam produced by the 
existing HRSG at Lumirror, any steam produced in the summer from waste heat at the new TorayFan 
electrical node would be under-utilized.  A steam-turbine driven chiller was thus included at Lumirror in 
each case in an effort to better utilize the available steam and improve the overall efficiency and 
economics of the proposed cases. 

The introduction of a steam-driven chiller introduces new interactions to the model, however, since 
chilled water could be produced from six different resources (not listed in order of priority): 

 Electricity self-generated at Lumirror with the Taurus 70; 
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 Steam self-generated at Lumirror from waste heat; 

 Steam self-generated at Lumirror from duct-firing; 

 Steam self-generated at Lumirror from package boiler operation; 

 Steam self-generated at TorayFan from waste heat; and 

 Grid-purchased electricity. 

The actual dispatch sequence for chilled water production follows the following dispatch sequence in 
order to produce the lowest possible production cost for each case: 

1. Utilize steam produced from waste heat first; however, only use unfired steam for chilled water 
production if the process steam load has been satisfied.  This means that much of the year unfired 
steam is unavailable for chilled water production. 

2. If the Taurus 70 at Lumirror is less than fully loaded, increase electrical output of the combustion 
turbine and use the incremental electricity to produce chilled water and/or power chiller plant 
auxiliary loads, while using the incremental unfired steam production to produce chilled water in 
the steam-driven chiller. 

3. These two modes cover the bulk of the annual chilled water production at Lumirror; however, if 
the combustion turbine is down for maintenance or additional chilled water is still required, then 
grid-purchased electricity is utilized to produce chilled water.  This was selected as the next 
resource dispatched because of the low cost of power: in the base case model chilled water may 
be produced for approximately 1¢ per ton cheaper using power purchased from the grid. 

4. Finally, steam from package boilers is utilized to produce chilled water. 

6.2 Equipment Performance Calculations 

Combustion Turbine Performance 

Four basic parameters of combustion turbine performance are calculated in each hour for the existing 
Taurus 70 at Lumirror: output, heat rate, exhaust mass flow and exhaust temperature.  Each of these 
values is calculated as a function of turbine load (% of full load output at the ambient temperature that 
hour) and ambient temperature (using typical meteorological year data for Providence, RI, per NGrid’s 
requirements).  The model contains a curve for turbine performance for each parameter at 100%, 75% and 
50% load, covering a range of ambient temperatures from 0-100 deg F.  The values used in the model for 
each hour are based upon interpolation between these curves. 

These curves were calibrated to historical performance of the Lumirror Taurus 70 utilizing data supplied 
by Toray and corresponding historical weather data.  Comparisons between vendor performance maps 
and actual measured performance at several operating points were made, and the performance curves 
were scaled accordingly.  The “calibrated” performance map of the turbine was validated by calculating 
annual fuel consumption of this turbine as it ran against an historical generator output profile, in an 8,760-
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hr model, and comparing the calculated fuel consumption to historical fuel records provided by Toray.  A 
similar approach was taken to calibrate steam production in the existing waste heat boiler to historical 
values. 

The performance maps of the existing Taurus 70 are shown below for output and heat rate. 

 

Figure 22 - Existing Taurus 70 Output Curves 

  

Figure 23 - Existing Taurus 70 Heat Rate Curves 
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Figure 24 - Existing Taurus 70 Performance Data Table 

Ambient	
Temperature	
(deg	F)

100%	Output	
(kW)

75%	Output	
(kW)

50%	Output	
(kW)

100%	Heatrate	
(Btu/kWh,	
LHV)

75%	Heatrate	
(Btu/kWh,	
LHV)

50%	Heatrate	
(Btu/kWh,	
LHV)

0 8,133 6,100 4,067 10,792 11,769 14,157

20 7,875 5,907 3,938 10,811 11,654 14,061

40 7,465 5,599 3,733 10,880 11,765 14,236

60 6,977 5,232 3,488 11,026 11,960 14,523

80 6,367 4,775 3,184 11,317 12,317 15,019

100 5,677 4,258 2,839 11,845 12,946 15,866

Ambient	
Temperature	
(deg	F)

100%	Exhaust	
Flow	(lb/hr)

75%	Exhaust	
Flow	(lb/hr)

50%	Exhaust	
Flow	(lb/hr)

100%	Exhaust	
Temp	(deg	F)

75%	Exhaust	
Temp	(deg	F)

50%	Exhaust	
Temp	(deg	F)

0 244,703 204,267 160,686 887 905 978

20 237,585 195,449 152,549 904 921 1,006

40 230,335 189,706 148,442 910 928 1,013

60 221,387 182,483 143,216 919 940 1,024

80 209,188 172,760 136,116 935 957 1,040

100 195,745 162,121 128,366 961 983 1,063
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Reciprocating Engine Performance 

An identical methodology is utilized for calculating the performance of the reciprocating engines 
proposed for the various cases.  The data tables for the reciprocating engines reviewed in this study are 
contained below, and are based upon data supplied by Kawasaki (refer to Appendix F): 

Figure 25 - Kawasaki KG-12 Engine Performance Data Table 

 

 

  

Ambient	
Temperature	
(deg	F)

100%	Output	
(kW)

75%	Output	
(kW)

50%	Output	
(kW)

100%	Heatrate	
(Btu/kWh,	
LHV)

75%	Heatrate	
(Btu/kWh,	
LHV)

50%	Heatrate	
(Btu/kWh,	
LHV)

10 5,000 3,750 2,500 6,784 6,964 7,418

30 5,000 3,750 2,500 6,840 7,023 7,485

50 5,000 3,750 2,500 6,895 7,081 7,551

60 5,000 3,750 2,500 6,918 7,106 7,579

80 5,000 3,750 2,500 6,965 7,155 7,635

100 5,000 3,750 2,500 7,037 7,231 7,722

Ambient	
Temperature	
(deg	F)

100%	Exhaust	
Flow	(lb/hr)

75%	Exhaust	
Flow	(lb/hr)

50%	Exhaust	
Flow	(lb/hr)

100%	Exhaust	
Temp	(deg	F)

75%	Exhaust	
Temp	(deg	F)

50%	Exhaust	
Temp	(deg	F)

0 66,960 50,760 35,280 583 655 691

20 66,960 50,760 35,280 590 662 698

40 66,960 50,760 35,280 597 669 705

60 66,960 50,760 35,280 601 673 709

80 66,960 50,760 35,280 608 680 716

100 66,960 50,760 35,280 622 695 730
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Figure 26 - Kawasaki KG-18 Engine Performance Data Table 

 

Ambient	
Temperature	
(deg	F)

100%	Output	
(kW)

75%	Output	
(kW)

50%	Output	
(kW)

100%	Heatrate	
(Btu/kWh,	
LHV)

75%	Heatrate	
(Btu/kWh,	
LHV)

50%	Heatrate	
(Btu/kWh,	
LHV)

10 7,500 5,625 3,750 6,784 6,964 7,418

30 7,500 5,625 3,750 6,840 7,023 7,485

50 7,500 5,625 3,750 6,895 7,081 7,551

60 7,500 5,625 3,750 6,918 7,106 7,579

80 7,500 5,625 3,750 6,965 7,155 7,635

100 7,500 5,625 3,750 7,037 7,231 7,722

Ambient	
Temperature	
(deg	F)

100%	Exhaust	
Flow	(lb/hr)

75%	Exhaust	
Flow	(lb/hr)

50%	Exhaust	
Flow	(lb/hr)

100%	Exhaust	
Temp	(deg	F)

75%	Exhaust	
Temp	(deg	F)

50%	Exhaust	
Temp	(deg	F)

0 100,440 76,140 52,920 583 655 691

20 100,440 76,140 52,920 590 662 698

40 100,440 76,140 52,920 597 669 705

60 100,440 76,140 52,920 601 673 709

80 100,440 76,140 52,920 608 680 716

100 100,440 76,140 52,920 622 695 730
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Chiller Performance 

The energy consumption per ton (e.g. lbs/hr of steam or kW of electricity) is calculated for each chiller 
dispatched.  This parameter is calculated as a function of condenser water temperature and chiller load 
factor.  The condenser water temperature is set based upon the ambient wet bulb temperature.  The model 
contains performance data tables for each chiller which contain data from a chiller manufacturer for the 
energy consumption per ton at three condenser water temperatures- 65°F, 75°F and 85°F- at load factors 
from 10% - 100%. 

Figure 27 - Chiller Performance Data, Existing Electric Chillers (kW/ton) 

 

Figure 28 - Chiller Performance Data, Steam Turbine Driven Chiller (lbs/ton-hr) 

The steam turbine driven chiller performance is based on a York YSTLKLJH9-KGF. 

Chiller	Load 65F	ECWT 75F	ECWT 85F	ECWT

15% 7.62 9.98 13.82

20% 7.01 9.17 12.36

30% 6.42 8.55 11.39

40% 5.97 8.27 10.75

50% 5.87 7.99 10.13

60% 5.96 7.73 9.73

70% 6.09 7.64 9.56

80% 6.26 7.69 9.70

90% 6.42 7.84 9.76

100% 9.94 8.31 9.93

Chiller	Load 65F	ECWT 75F	ECWT 85F	ECWT

10% 0.545 0.635 0.738

20% 0.454 0.536 0.618

30% 0.423 0.498 0.585

40% 0.414 0.485 0.568

50% 0.414 0.484 0.567

60% 0.446 0.524 0.616

70% 0.441 0.518 0.609

80% 0.441 0.516 0.608

90% 0.444 0.519 0.612

100% 0.451 0.527 0.62
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Auxiliary Steam and Electric Loads 

The model calculates auxiliary loads by multiplying an auxiliary load factor by a corresponding quantity 
of generation.  For instance, in order to calculate the electrical power to operate the pumps and fans 
associated with operation of the reciprocating engines, the electrical output of the engines is multiplied by 
4% to estimate these auxiliary loads. 

The following auxiliary load factors were applied: 

Reciprocating Engine, Balance of Plant Electric Auxiliaries: 4% of Output 

Combustion Turbine, Balance of Plant Electric Auxiliaries: 3.54% of Output* 

Electric Chiller Operation, Chilled/Condenser Water Auxiliaries: 0.2 kW per ton 

Steam Chiller Operation, Chilled/Condenser Water Auxiliaries: 0.25 kW per ton 

* The CTG auxiliaries are based on 75% of the Cogen-1 connected auxiliary equipment motor load list, 
including: oil cooler(s), gas compressor, air compressor(s), etc. 

Unfired Steam Production 

Steam production from waste heat is calculated in accordance with the following basic equation: 

 

Massexhaust = Prime Mover Exhaust Flow, lbs/hr, from Performance Curves 

Cp, exh = Specific Heat of Exhaust Gas, 0.265 Btu/lb-deg F 

Texh = Primer Mover Exhaust Temperature, deg F, from Performance Curves 

Tstack = Exhaust Temperature After Heat Recovery, 354 deg F for Cogen-1 and 

            402 deg F for the new CHP. 

hsteam = Enthalpy of Steam, 1,202 Btu/lbm (650 psig, saturated) 

hfeedwater = Enthalpy of Deaerated Feedwater, 208 Btu/lbm 

Duct Fired Steam Production 

Steam production from duct-firing is calculated in the same basic manner; however, the exhaust 
temperature in the numerator of the equation above is replaced with the duct burner outlet temperature, 
and the stack temperature is reduced to reflect increased efficiency of heat transfer with duct-firing.  The 
stack temperature when duct firing is interpolated between the un-fired and fired temperatures shown in 
Figure 28.  The interpolation is based on the ratio of duct burner fuel input for that hour to the maximum 
duct burner fuel input. 

)(

)(** ,

feedwatersteam

stackexhexhpexhaust
Unfired hh

TTCMass
Steam
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Figure 29 - Stack Temperatures 

The heat input to the duct burner is calculated assuming a 90% efficiency on an HHV basis, meaning that 
90% of the HHV energy content of the fuel is available for steam production. 

Unfired Fired
Gas Turbine 354 289
Recip Engine 402 n/a

Exhaust Stack 
Temperature (°F)
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Modeling Interactions 

The above sections describe the basic methodology of the model; however, they do not in and of 
themselves provide insight into some of the types of interactions that emerged as a result of its 
application.  The trends described below are described in relation to the 12.5 MW Kawasaki Case, which 
is the case that produced the best overall economic result. 

Reduced CTG Output at Lumirror 

The use of unfired steam from the new reciprocating engine plant at TorayFan to produce chilled 
water at Lumirror resulted in a slight reduction in the annual electrical output of the existing Taurus 
70.  The magnitude of the reduction was approximately 3.6% of the Base Case value. 

Reduced Duct-Firing at Lumirror 

Duct-firing at Lumirror was reduced due to the steam production from the new reciprocating engine 
plant at TorayFan.  The magnitude of the reduction was 83% of the Base Case value. 

Increased Unit Price of Electricity 

Although the total annual cost of purchased electricity dropped considerably as a result of the 
electrical production from the new reciprocating engine plant at TorayFan, the residual quantity of 
purchased electricity cost nearly twice as much as the Base Case value on a unit basis. 

In the Base Case, the all-in cost of purchased electricity was $0.079/kWh, and in the 12.5 MW 
Kawasaki Case the value increased to $0.098/kWh.  The former value is for a purchased electricity 
profile with a very high and consistent load factor, and the latter reflects a plant with a fairly low load 
factor.  This is primarily due to the fact that demand charges simply do not fall in proportion to the 
reduction of total purchased electricity. 

Availability Assumptions 

In all the models that Waldron generated, the Taurus 70 CTG availability was based on the historical 
availability of the plant, which was derived from the electric metered data for the CHP. 

In models that included a Recip engine, an availability of 93% was used to randomly generate periods of 
time for scheduled and unscheduled maintenance. 

Operating and Maintenance Factors 

The following maintenance costs were used in the model:  
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Screening Refined
Model Model

Combustion Turbine with Medium Pressure HRSG's ($/kWh) 0.014 0.014
Reciprocating Engine ($/kWh) 0.012 0.014
MP Boiler Plant ($/klb) 0.15 0.15

Chiller Plant O&M ($/ton-hr) 0.004
0.004 (electric)
0.0052 (steam)
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Capital Cost Methodology & Estimate 
 
The proposed CHP’s Capital Cost estimate was initially estimated by Waldron Engineering and later-on refined 
by Toray’s Engineering Department.  Waldron’s original estimate is shown in the below table, but is not used in 
this TA Study, since Toray has chosen an in-house approach on constructing their CHP project, rather than 
Waldron’s initially proposed turn-key approach. 
 
Toray’s Capital Cost estimate refinement eliminated services and the commensurate costs typically provided by 
third-parties proposing turn-key services, while simultaneously adding other necessary line items such as, 
electric utility interconnection costs.  Since Toray has previously installed a 7.5 MWe CHP onsite, it plans on 
providing these services with their in-house staff.  To that end, the below table represents Toray’s refined 
pricing, which is partly based on Waldron’s line item estimates and more detailed pricing for the major 
equipment and installation services from major equipment vendors (i.e., reciprocating engines, switchgear, 
controls, etc.) and local construction (i.e., site work, building, piping, plumbing, electrical, controls, etc.) 
companies.  Where local construction costs were used, the average of two (2) or more proposals was used. 
 
It’s important to note the most significant component of Line Item No.2 - Procurement (Equipment) is the 
Kawasaki engine-generator sets and their shipping charge.  In short, Toray solicited and used local pricing to 
support ~90% of the total, Capital Cost of $22,700,000 (i.e., 92% = $21,000,000 ÷ $22,700,000). 
 

Capital Cost Estimate 
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Financial Analysis 
 
The financial analysis focuses on quantifying the Operating Costs associated with purchasing NG, displacing 
electricity and NG and performing Preventive Maintenance on the existing and proposed equipment.  In short, 
future energy costs were applied to the Base Case (2011 energy usages) and Proposed Case (modeled energy 
usages).  Both Cases’ energy usages were modeled for 8,760 Hours/Year, therefore, the correct energy and 
demand values could be easily identified and used to correctly calculate the “all-in” electricity and NG costs 
(i.e., Commodity and regulated Distribution services).  Preventive Maintenance costs were performed in similar 
level of detail and precision.  Once these costs were correctly assigned, the Proposed Case’s total, Operating 
Cost was subtracted from the Base Case’s total, operating Cost to arrive at the net, annual Operating Cost 
savings. 
 
Since Toray has its own in-house, Internal Rate-of-Return Financial Analysis, this TA Study focused on 
providing the data essential to Toray running its analysis.  Thus, only Simple Payback (i.e., Capital Cost ÷ 
Annual Operating Savings) is addressed in this TA Study. 
 
Natural Gas 
 
The NG costs are comprised of three (3) major components… 
 

1. Commodity; 
2. Basis points; and 
3. National Grid’s current Distribution Service Rate. 

 
The Commodity unit cost is derived from the NYMEX (Henry Hub delivery point) Wholesale Charge for 
Futures Contracts.  At the time of this TA Study (i.e., Trade date of 02/08/2012.), the traded, unit price for 
Commodity was $4.092/MMBtu for a 01/01/2014 Delivery date (i.e., initially estimated CHP availability). 
 
The Basis Points is the charge a third-party marketer will charge Toray to move the NG from Henry Hub to 
National Grid’s “RI City Gate”.  Toray has supplied documentation illustrating its purchasing power to acquire 
this service at $0.86/MMBtu (i.e., “TPA Utility Cost Analysis 2-20-12.xls” and an invoice). 
 
The Distribution Service Rate used in this TA Study is National Grid’s Extra-Large, High Load Factor, Rate 24.  
After running the Base Case and Proposed Case through the Service Rate, it results in $0.95/MMBtu. 
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Electricity 
 
The electricity costs are comprised of four (4) major components… 
 

1. Commodity/Wholesale; 
2. Forward Capacity Market; 
3. Broker Fee; and 
4. National Grid’s anticipated, future Distribution Service Rate. 

 
The Commodity cost is the future unit cost of just the energy portion (kWh) of purchasing electricity.  In New 
England, due to the large number of power plants using NG as their primary fuel, the cost of electric energy 
directly correlates to the Commodity cost of NG.  To estimate the future electric energy Commodity cost, Toray 
correlated their historic, annual average Commodity NG costs to their historic, annual average electric energy 
Commodity costs.  Using this correlation and the NYMEX Futures Contract NG cost for January 2014 
($4.092/MMBtu) an electric Commodity cost of $0.0464/kWh results.  This unit cost was credited to all kWhs 
displaced by the proposed CHP.  See the below graphic illustration of this site specific correlation. 
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The second major component of the electric costs is the Forward Capacity Market charge (FCM), which 
represents the cost to purchase and reserve “space”/capacity on the electric transmission system to move the 
electric energy cited in the first major electricity cost component to National Grid’s distribution system.  At the 
time of this TA Study, ISO-NE’s posted price for 2014 was $3.209/kW.  This charge was calculated monthly by 
taking the peak demand needed for the month and multiplying it by the FCM unit cost of $3.209/kW to match 
Toray’s current billing.  Toray provided this unit cost via its document titled “TPA Utility Cost Analysis 2-20-
12.xls”. 
 
The third major component of the electric costs is the Broker Fee, which is a charge Toray pays a third-party to 
solicit the best price for electric energy based on Toray’s needs.  It’s important to note Toray’s historic, annual 
costs used to develop the aforementioned correlation includes a Broker Fee of $0.0004/kWh.  This unit cost was 
credited to all kWhs displaced by the proposed CHP. 
 
The forth – and last - major component of the electric costs is the appropriate National Grid Service Rate.  Since 
Toray already has a large CHP and its multiple meters are merged and billed as a single Service Rate, the 
appropriate Service Rate for both the Base Case and Proposed Case is the 3,000 kW Back-Up Service Rate (B-
62), Retail Delivery Service.  Starting on January 1, 2012, National Grid instituted a slightly redesigned 
Distribution Service Rate that applies to the proposed CHP.  This Service Rate defines the cost to distribute the 
electric energy from National Grid’s point of differentiation between Transmission and Distribution to National 
Grid’s electric meters serving Toray’s facilities.  Although most of the $/kWh and $/kW charges are 
straightforward, in order to properly estimate Toray’s future costs, the currently anticipated future costs 
associated with the Deepwater Project have been added to this Financial Analysis.  The value used is based on a 
currently anticipated $500,000,000 profit margin for the Deepwater project.  The Deepwater Component used is 
$0.0036/kWh. 
 
Preventive Maintenance 
 
The following unit costs were applied to the appropriate equipment (i.e., existing and proposed major 
equipment) as part of calculating the total, Operating Cost for both the Base Case and Proposed Case. 
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1. Base Case Major Equipment 
a. Combustion Gas Turbine with Medium Pressure HRSG: $0.014/kWh. 
b. Medium Pressure Boiler Plant: $0.15/kLbs. 
c. Electric Chillers: $0.004/Ton-H. 

2. Proposed Case Major Equipment 
a. Reciprocating Engines: $0.014/kWh. 
b. Medium Pressure Boiler Plant: $0.15/kLbs. 
c. Electric Chillers: $0.004/Ton-H. 
d. Steam Turbine-Driven Chiller: $0.0052/Ton-H. 

 
The most important part of the Preventive Maintenance costs relates to the CGT and reciprocating engines’ 
costs.  The CGT costs are based on historic costs Toray incurred, while the 2 x reciprocating engines’ costs are 
based on following Kawasaki’s Preventive Maintenance Schedule averaged over a 12 year period.  This is 
common-place to format the Preventive Maintenance costs (i.e., materials, labor hours and labor rates) as an 
“annuity” for the life of the CHP in CHP analyses. 
 
The following table summarizes the anticipated financial performance of the proposed CHP. 
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Building Energy Efficiency Measures 
 
National Grid’s Energy Efficiency Program’s CHP Initiative is focused on and designed to support projects that 
first address reducing the total quantity of energy used to conduct a given company’s business, then provide 
incentives to use the remaining, minimal amount energy efficiently.  To that end, over the past several years 
Toray has aggressively pursued the identification and implementation of energy projects that both reduce usage 
through conservation and further increase the efficient use of the remaining energy to lower costs to not only 
itself, but also all customers participating in the System Benefits Charge (SBC). 
 
As part of the CHP Initiative, it’s important to ensure Toray has conserved a significant amount of energy, so 
the CHP is sized and applied to electric, steam and chilled water load profiles with little chance of significantly 
changing due to future energy efficiency projects.  This provides the CHP with the best opportunity to be 
economically successful for the foreseeable future.  The following lists the potential Energy Efficiency 
Measures (EEM) identified with Toray’s Utility Engineering Department in late 2011.  Although the list is 
comprehensive, not any individual or the sum of them will have a significant impact on the load profiles used in 
this TA Study to model the energy and financial performance of the proposed CHP. 
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Appendix A:  Capital Cost 
 
 
 

Sequential Order: 
Toray eMail. 

Grand-Total Estimate. 
Major Equipment Sub-Estimate. 

Kawasaki Engine-Generator Sets Proposal (Partial). 
Kawasaki Engine-Generator Sets Shipping Estimate. 

HRSGs & Emissions Controls Systems Proposal (Partial - RENTECH). 
Building Design/Build Construction (Sample – NAPPA Construction). 

Piping/Insulation/Rigging Design/Build Construction (Sample – SPEC). 
Electrical/Controls Major Equipment & Design/Build Construction (Sample – ABB). 

National Grid Interconnection Costs (Narrative).
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National Grid – Electric Interconnection Costs (Fred McKiernan, 401-784-7413) 
 
 
As of 07/31/12, National Grid has estimated the total cost of performing all engineering, coordination and field 
work to be approximately $1,200,000, which is shown in Toray’s Grand-Total Capital Cost Estimate.
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Appendix B:  Energy Analysis 
 
 
 

Sequential Order: 
Base Case - Summary Output1 (Waldron’s Proprietary Software). 

Proposed Case – Summary Output1 (Waldron’s Proprietary Software). 
 
 
Notes: 

1. Due to the 8,760 H/Y type analysis performed for this project, there is too much raw, intermediate and final data and 
information to present in the limited space of 8.5” x 11.0”.  With Toray’s written permission and acknowledgement, this 
information is available by contacting Fred McKiernan at National Grid (401-784-7413). 
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Appendix C:  Technical Data 
 
 
 

Sequential Order: 
Existing & Proposed Major Equipment & Systems Schematic Diagram 

Proposed CHP System Site Plan Building Location Drawing 
Proposed CHP System General Arrangement Drawing 

Proposed CHP System Electric One-Line Diagram 
Reciprocating Engines’ Electric & Steam Performances (100% Load; Part- Load in TA Study.) 

HRSGs’ & Emissions Controls Systems’ Performances (Quoted HRSGs, not Modeled.) 
Steam Turbine-Driven Chiller’s Performance 

Electric Parasitic Nameplate Loads – Existing Combustion Gas Turbine 
Hourly Load Profiles Data1 (Electric; Steam, 45 Bar; Steam, 7 Bar; Steam, 5 Bar; Chilled Water; Free-Cooling) 

Free-Cooling Heat Exchanger Design Capacity 
Reciprocating Engines’ Recommended Preventive Maintenance Labor & Materials Costs 

Waldron’s Minimum Technical Requirements© (Preliminary) Rev. B, Dated 07/06/122 
 

 
Notes: 

1. Due to the 8,760 H/Y type analysis performed for this project and the editing of the metered Electric, Steam, Chilled Water 
and Free-Cooling raw data, there is too much raw, intermediate and final data and information to present in the limited 
space of 8.5” x 11.0”.  With Toray’s written permission and acknowledgement, this information is available by contacting 
Fred McKiernan at National Grid (401-784-7413). 

2. This product is proprietary to Waldron Engineering & Construction, Inc. and all rights are reserved under copyright law, 
therefore, it is only available by contacting Waldron Engineering at (603) 772-7153. 
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Existing & Proposed Major Equipment & Systems Schematic Diagram 
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Proposed CHP System Site Plan Building Location Drawing 
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Proposed CHP System General Arrangement Drawing 
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Proposed CHP System Electric One-Line Diagram 
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Maintenance cost (Engine+Control) for KG-18 

Year Operating Hour
Maintenance 

Level
Expected

Downtime (Days)
Main Works

PARTS ONLY 
CONVERSION 
TO $ @ 78 YEN/$

LABOR 
ESTIMATE @ 
$100/HOUR

TOTAL PARTS 
AND LABOR

ANNUAL COSTS 
BY YEAR

2,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
4,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
6,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
8,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $112,465 $112,465 99.43% $0.002 $/kWh

10,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
12,000 C 12 Replacement of piston rings $511,323 $64,500 $575,823
14,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
16,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $622,854 $735,319 98.86% $0.006 $/kWh
18,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
20,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
22,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
24,000 D 14 Replacement of Crankpin and main bearings and valves,battery $750,371 $113,800 $864,171 $960,528 $1,695,846 98.55% $0.009 $/kWh
26,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
28,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
30,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
32,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $112,465 $1,808,311 98.77% $0.007 $/kWh
34,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
36,000 C 12 Replacement of piston rings $511,323 $64,500 $575,823
38,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
40,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $622,854 $2,431,165 98.68% $0.008 $/kWh
42,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
44,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
46,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
48,000 E 17 Replacement of piston crowns and thrust bearing ,battery $1,232,739 $137,800 $1,370,539 $1,466,896 $3,898,060 98.50% $0.010 $/kWh
50,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
52,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
54,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
56,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $112,465 $4,010,525 98.63% $0.009 $/kWh
58,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462

60,000 C 12 Replacement of piston rings ,Cylinder controller and ignition device $1,053,958 $64,500 $1,118,458
62,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
64,000 A 1 Replacement of Spark Plug  $14,908 $1,200 $16,108 $1,165,489 $5,176,014 98.59% $0.010 $/kWh
66,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
68,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
70,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
72,000 D 14 Replacement of Crankpin and main bearings and valves ,battery $750,371 $113,800 $864,171 $960,528 $6,136,541 98.52% $0.011 $/kWh
74,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
76,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
78,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
80,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $112,465 $6,249,006 98.61% $0.010 $/kWh
82,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
84,000 C 12 Replacement of piston rings $511,323 $64,500 $575,823
86,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
88,000 A 1 Replacement of Spark Plug ,battery $14,908 $1,200 $16,108 $622,854 $6,871,860 98.58% $0.010 $/kWh
90,000 B 2 Replacement of non-return valves $57,434 $8,000 $65,434
92,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
94,000 A 1 Replacement of Spark Plug $14,262 $1,200 $15,462
96,000 F 17 Replacement of cylinder liners ,battery $1,502,730 $136,000 $1,638,730 $1,735,087 $8,606,947 98.50% $0.011 $/kWh

$7,745,147 $861,800 $8,606,947 $8,606,947
$717,245.59

158
0.036073059

717,246
 Years Average $0.0120 $/kWh

1

2

3

4

Sub Total

5

6

7

12

8

9

10

11
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Appendix D:  Minimum Requirements Document 
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Appendix E:  TA Study Proposal 
 

(Partial)
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In Re:  Review of Energy Efficiency and  

Advanced Gas Technology Incentives for  
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Responses to the Commission’s First Set of Data Requests 
Issued March 18, 2013 

    
 

Commission 1-8 
Request: 

 
Do you anticipate that payment of the installation incentive will cause the Company to overspend 
its 2013 EEPP budget, and if so by what amount?   

 
a) What impact will the anticipated overspending have on the 2014 EEP Charge?   
b) Please provide the bill impact on a typical residential customer, assuming the anticipated 

overspending occurs.  
 
Response: 
 
Payment of the installation incentive will not take place until 2014.  However, the historical 
practice (dating back to Docket 1939) for funding commitments has been to encumber current 
funds to cover the expected cost of projects that will not be completed until after the current 
program year.  In the case of Toray, $6.5 million of commitment funding was not budgeted in 
2013, but will need to be funded from the 2013 budget.  At this early stage in the 2013 program 
year, it is difficult to determine how much, if any, overspending will occur.  The Company has 
outlined several steps in Paragraph 24 of the Petition that it can take to mitigate potential 
overspending.  In the event that the Company needs to spend the full budgets for all of the other 
programs to meet its 2013 savings targets, thereby resulting in the need to overspend the 2013 
budget, the 2013 EEPP contains several mechanisms to manage the budget and any 
overspending, including oversight by the EERMC and the Commission. 
 

(a) The magnitude of any upward pressure on the EEP charge in 2014 from the Toray 
commitment is uncertain.  In the 2012-2014 Energy Efficiency and System Reliability 
Procurement Plan (the “Three Year Plan”), Docket 4284, the projected EEP charge for 
2014 is $0.0098/kWh.  As explained in Paragraph 26 of the Petition, while the 
overspending provisions of the 2013 EEPP allow for reconciling overspending in 2014, it 
is possible that overspending to fund the Toray commitment in 2013 will not have any 
upward impact on the EEP charge in 2014.  The committed funds of $13.5 million will be 
carried over from 2013 into 2014 (see, for example, Table E-1 of the 2013 EEPP, which 
shows that commitments of approximately $1.4 million were carried into 2013 as a 
funding source).  These funds will become part of the budget for 2014, which was 
projected to be approximately $88 million in the Three Year Plan.  The Toray project’s 
savings of 87,473 MWh are approximately 46% of the 2014 goal of 189,068 MWh.  
Therefore, 15% of the budget will achieve 46% of the electric energy savings, without 
collecting any new funds in 2014 to do so.  The Company does not anticipate at this time  
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Commission 1-8, page 2 
 
for the EEP charge to be greater than $0.0098/kWh (as currently projected for 2014) and, 
in fact, it might be less than that. 

 
The Company also notes that the practice of fully funding commitments in the current 
program year dates back to a time during which there was no legislative structure that 
established stable funding for energy efficiency.  In that environment, it was not certain 
that funding would be available from one year to the next and it was important to set 
aside current funds to honor commitments made to customers for projects that would not 
be completed until the next year.  In today’s environment, the least cost procurement 
provisions of R.I.G.L. §39-1-27.7, which are in place through 2020, provide greater 
stability.  In the event that the Commission were to waive the requirement for full 
funding of the commitment in 2013, this would enable the Company to commit the 
budgeted $7 million in 2013 and to pay the remaining $6.5 million of the incentive (in 
addition to the budgeted $7 million which would be carried over to 2014) from new funds 
collected in 2014, thereby mitigating any potential overspending as a result of the Toray 
project in 2013. 

 
(b) At this time, the Company anticipates the bill impact in 2014 on a residential customer 

from any potential overspending in 2013 will be $0. 
 
 
 

Prepared by or under the supervision of:  Jeremy Newberger 




