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EXECUTIVE SUMMARY 

1.0 INTRODUCTION 

1.1 PURPOSE 

The purpose of this analys 
projects that will result 

pliance with the stated go 
for the Stratford Army Eng 
Reduced energy consumption 

Energy Plan.  Using FY75 a 

consumption must be reduce 
known as the DARCOM goal. 

ARMY to achieve energy con 

Executive Order 12003 and 
addition, the Army Facilit 

established by a long term 
facility energy usage by t 

is it to develop a systematic program of 
in energy consumption reductions in com- 

als of the Army Facilities Energy Plan 
ine Plant in Stratford, Connecticut. 
is a stated goal for the Army Facility 

s the base year, basewide energy 

d by 20%   by the end of FY85.  This is 
The goal was established to enable the 

servation requirements and assigned by 
by the Department of Defense.  In 
y Energy Plan dated February 24, 1978, 
goal for a 50 percent reduction in 

he year 2000. 

1 .2 

The projects to be implemented under the ECAM program must be 

cost-effective.  That is, costs must be amortized within the pro- 
ject's economic life.  In addition, all projects must be produce a 

savings-to-Investment Ratio (SIR), equal to or greater than 1.0. 

SCOPE 

This energy engineering analysis is divided into three incre- 
ments:  Increment A- Energy conservation investigations for build- 

ings and processes, Increment B - Energy conservation investiga- 

tions of utilities and energy distribution systems and Increment 
G- Projects identified in Increment A and B that do not qualify 
under ECAM criteria. 

2.0 SITE SURVEY INFORMATION 

2.1 PLANT DESCRIPTION 

The Stratford Army Engine Plant (SAEP) is a government owned, 

contractor operated, military - industrial installation.  Avco 
Lycoming, the contractor-operator, does research, testing and pro- 

duction of gas turbine engines. 
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2.2 

The plant is in Stratford, Connecticut (See Figures 2.1.1-1 and 

2.1.1-2).  It lies on Connecticut's southern shore approximately 
55 miles northeast of New York City. 

The Site is bounded by the Housatonic River on the north, Main 

Street on the southwest and, Sniffen Land to the southeast (See 
Figure 2.1.1-3).  The facility consists of 48 individual buildings 

with a total area of 1,580,000 square feet.  (See Table 2.1.1.) 

AUDIT PROCEDURE AND FIELD SURVEY EFFORT 

During the field survey, architectural, mechanical and electrical 
information was obtained on each building as well as data pertain 

ing to the distribution systems, and the steam generation 

facilities.  For the larger buildings (i.e. Building 2), due to 
the large number of equipment and systems, field survey notes were 

made directly on available drawings.  For relatively smaller 
buildings, field notes and sketches were prepared. 

2.3     Buildings Surveyed 

2.3.1    The buildings shown in table 2.3.1-1 are the buildings specified 
in the contract to be surveyed. 

TABLE 2.3.1.-1 

BUILDING 
NO. 

1 Main 

2 Produ 

Compr 

3 Resea 
3A Engin 

Inspe 
4 Exper 
6 Turbi 

Sto re 
6A Turbi 

10 Tank 

16 Produ 
Ser vi 

17 Compo 

18 Plant 
38 Storm 
44 Store 

55 Produ 

DESCRIPTION 

Administrative and Government Offices 

ction Manufacturing Operations with Boiler and 
essed Air Plants 

rch and Development Operations 
eering Materials Laboratory and Receiving 

ction 

imental Processes and Materials Stores 
ne Engine Environmental Processes and Materials 
s 

ne Engine Mechanical Component Test 
Engine Mechanical Component Test 

ction and Development Test Cells and Supporting 
ces 
nent Test Steam Generating Plant 

Chemical Plating Waste Treatment 

Drain Pumping Stations 
s, Tooling and Equipment Warehouse 

ction Material Warehouse 
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STRATFORD ARMY ENGINE PLANT 
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2.4 EQUIVALENT BUILDINGS 

There are 48 buildings in the plant totaling 1,577,639 square 
feet in area.  Of these 14 totaling 1,435,265 square feet are act- 

ual surveyed buildings.  They represent 91 percent of total floor 
area. 

Of the remainder, 13, totaling 33,295 square feet or 2 percent of 

total area are classified as equivalent buildings.  Each, based 
broadly on construction characteristics and use, is designated as 

equivalent to a building or group of buildings on the surveyed 

building list.  The equivalent building list was prepared in 
conjunction with base personnel.  The equivalency is used to 

extrapolate estimated energy consumption for the entire plant. 

In addition 21 buildings totaling 109,079 square feet or 7 percent 

of total area have been omitted entirely from the report by 
direction.  These buildings are those which are low energy users. 

The incorporation of equivalent buildings with surveyed buildings 

provides a complete energy consumption picture of the entire 
plant. 

A list of surveyed buildings and equivalent buildings is given in 
Table 2.4. 

2.5 ENERGY PROJECTS COMPLETED, IN PROGRESS, OR PLANNED 

2.5.1 Project Completed 

The following energy saving project have already been completed at 
SAEP: 

o Rehabilitation of all roofs throughout the plant FY 78-81. 

o Installation of reflective film on windows FY 82. 
o Installation of high pressure sodium lighting FY 82 
o Reconditioning of condensate return pumps FY 79. 

o Window sash replacement in Building No. 10 FY 82. 
o Boiler room rehabilitation FY 82 
o Heating system rehabilitation FY 81 

o Air compressor control System FY 81 - FY 82. 

2.5.2 Projects-In-Progress 

The following Projects are in progress: 

o Replacement of window sash throughout the plant FY 81 - FY 82. 
o Restoration of Building No. 3A FY 82. 
o Replace main switch gear FY 81 - FY 83 

ES-7 
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o Exterior restorations of buildings FY 82 

o Plant door rehabilitation FY 83 

o Insulation of steam lines FY 81 - FY 83. 
o Rehabilitation of condensate piping FY 82 

o Cafeteria Renovation FY 82 - FY 83. 

o Refrigeration plant controls FY 82 - FY 83. 
o Ins» Lcllatior. of automated radiator valves on a plant wide basis 

by Avco. 

2.5.3 Planned Projects 

The following projects are being planned: 

o Installation of an Energy Monitoring and Control System (EMCS) 

to include the following: 

- Installation of time clocks on selected air conditioning 
systems. 

- Time scheduled operation. 

- Duty cycling. 

- Demand Limiting start/stop. 
- Occupied Setback. 

- Increase cooling set point. 
- Unoccupied setback. 
- Damper cont rol. 

- Enthalpy economizer. 

- Outside air temperature reset schedule. 
- Start/stop optimization. 

- Lighting control. 

- Run-time reports. 

2.5.4 

o Air exhaust and make up air Building No. 2 FY 82. 

Energy Savings 

A list of energy savings for projects planned, recently completed 
or in progress is given below in Table 2.5. Refer to Appendix 9, 

page 9-147 for back-up calculations. 

TABLE 2.5 

Energy Savings for Projects Planned, Recently 
Completed, or in Progress 

PROJECT MBTU/YR SAVED 

Roof Rehabilitation 

Condensate System Rehabilitation 
Installation of High Pressure Lighting 

Rehabilitation of Building 3A 
Installation of Kalwall 

29,000 

6,300 
55,000 

100 
7,500 

Total 97,900 
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3.0 Installation Energy Profile 

3.1 General 

Energy used at SAEP includes No. 2, No. 4 and No. 6 fuel oil, 

natural gas under both firm and interruptible contracts, 
electricity, diesel fuel, jet fuel ar.d propans. 

Firm contract natural gas, jet fuel, diesel fuel and propane are 

utilized for process-related functions. 

3.2 

3.2.1 

3.3 

3.3.1 

Electricity has multiple uses.  Building uses include motors for 

fans, pumps and air conditioning compressors as well as domestic 

hot water generation.  Process uses include but are not limited 

to machine tools, electric furnaces, welders and conveyors. 

No. 6 fuel and interruptible natural gas are used to generate 

steam in the central boiler plant in Building 2.  Steam is used 
for space heating, boiler room auxiliaries, domestic hot water 

and process equipment.  No. 2 fuel oil is used for testing 
diesel tank engines.  No. 4 fuel oil is used for the high 
pressure steam boilers in Building 17. 

Population 

Present Population 

The plant is in full operation with a full complement of 

personnel. 

Historical Energy Consumption 

General 

3.3.2 

The historical energy profile for SAEP is based on annual energy 
use from FY75 through FY81. 

Tabular Information 

Table 3.3.2 entitled "ANNUAL ENERGY CONSUMPTION," shows 

historical annual energy use from FY75 through FY81 for Total 
Source Energy and each of the individual energy sources 
discussed in Section 3.1.  The sum of No. 6 fuel oil and 

interruptible natural gas is also indicated in Table 3.3.2. 
This quantity is a measure of the fuel input to the central 
boiler plant. 

Table 3.3.2 indicates the following information for each fuel: 

o  Consumption (Base Unit) - CCF/YR is the base unit for natural 

gas, KWH/YR for electricity, and GAL/YR for fuel oil, diesel 
fuel, jet fuel and propane. 

ES-10 



o  Consumption in MBTU/YR. 

o  Unit Consumption in KBTU/GSF-YR - Energy consumption in 1,000 

BTU (KBTU) divided by the Gross Square Foot Area of the 
Plant. 

D  Unit Consumption per Degree Day. 

o  Energy Index, Ref FY75 - Ratio of energy consumption in any 

year as compared to base year FY75.  The value of Energy 

Index for FY75 is 100. 

o  Cost in Dollars per Year. 

o  Unit Cost in Dollars per 1,000 GSF per year. 

o  Cost Index, Ref FY75.  Ratio of cost in any year to the base 

year of FY75.  The value of the index for FY75 is 100. 

o  DARC0M Goal - The target figure for energy consumption in 

KBTU/GSF-YR.  Using FY75 as the base year, basewide energy 
consumption must be reduced by 20?o by the end of FY85.  The 

goals were established to enable the ARMY to achieve energy 

conservation requirements assigned by Executive Order 12003 
and by the Department of Defense.  In addition, the Army 

Facility Energy Plan dated February 24, 1978, established by 
a long term goal for a 50 percent reduction in facility 
energy usage by the year 2000. 

ES-11 
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3.3.3 Graphic Information 

Figures 3-1 to 3-7 indicate the historical energy consumption 
profile at SAEP.  Total source energy, interruptible natural 

gas, electricity and No. 6 fuel oil are plotted month by month 
for the Base Year (FY75) and the last three available years 
(FY75, FY8u ana FY81).  inese fuels are also piottea on a year 

by year basis throughout the period FY75 through FY81.  Jet fuel 
and diesel fuel consumption are graphically displayed for FY75 
through FY81. 

3.4 Energy Costs 

Table 3.4 summarizes energy costs for electricity, 

natural gas and No. 6 fuel oil at SAEP. 
interruptible 

Energy Costs 
Table 3.4 

I Energy | Cost | Cost | Cost | 
I Source | Per | Per | Per | 
I | Unit | MBTU | MBTU | 
I | FY 81 | FY 81 | Escalated | 

I | j $ j To FY 85 | 

I I I I $ I 
I                  I           I         I              I 

| Electrictiy | 0.082 | 7.07 j 12.37 | 

I                 |   $/KWH   |        |             | 

| Interruptible | 0.043 | 4.47 | 9.25 | 
|    Natural Gas   |   $/CCF   |        |             | 

| No. 6 Oil | 0.87 | 6.01 | 10.52 j 
I                 I  $/Gal   |        j             | 

4.0 

4.1 

FUTURE CHANGES 

MISSION 

No changes are contemplated in the SAEP mission which is to 

develop, design, test and manufacture turbine engines for 
military and commerical use. 

SAEP is presently in full operation with complete utilization 

of facilities. This mode of operation will be maintained for 
the anticipated future. 
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5.0      ENERGY CONSERVATION MEASURES INVESTIGATED 

Available sources of energy conservation were investigated to 

identify possible projects applicable to the Stratford Army 

Engine Plant.  This information served as the basis for a more 
detailed investigation from which recommendations could be 
made . 

Listed below are those energy conservation measures that involve 
modifying, improving or retrofitting existing buildings in the 

areas of architectural, HVAC, plumbing and electrical systems. 

Reduce Outside Air Intake 

Install Timer Controls 

Install Duty Cycling Controls 

Provide Additional Building Insulation 

Install Storm Windows and Doors 

Provide Window and Door Caulking and Weatherstripping 

Install Automatic Radiator Control Valves 

Install Entry Vestibules 

Install Outdoor Reset on Heating Systems 

Install Insulated Plastic Faced Translucent Sandwich 

Panels (Kalwall) 

Install Night Setback/Setup Controls 

Install Infrared Heaters 

Install Steam Radiator Supply Orifices 

Replace Unit Heater and Drip Rig Steam Traps 

Install Shutoff Valves and Thermostats For Unit 

Heaters 

Install Separate Domestic Hot Water Heater Tanks 
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Replace Inefficient Domestic Water Heater with Energy 

Savers 

Insulate Domestic Hot Water Heater Tanks 

Remove Central Drinking Water System 

Install Aquastats on Domestic Hot Water Systems 

Reduce Domestic Hot Water Temperature 

Remove Unnecessary Sump Pumps 

Install Water Flow Restrictors 

Install Pressure Reducing Stations 

Install Power Line Switches on Electric Water Cooler 

Reset Compressor to Required Pressure 

Replace Light Fixtures with Energy Saving Type 

Reduce Number of Light Fixtures 

Replace Lamps with Energy Savers 

Reduce Number of Lamps 

Repair Light Fixture 

Re-circuit Light Fixtures 

Reduce Stratification 

Install Air Curtains 

Reduce Exhaust Fan Operating Time 

Provide Warm Up/Cool Down Cycle 

Install Enthalpy Economizer 

Replace Chiller with Screw Driven Chiller and Plate 

Type Heat Exchanger in Building No. 1. 

Install Ant ist ratification Unit Heaters in Building 
Nos. 2, 3 and 6. 
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o   Provide Dual-Cool Glycol A/C System with Free Cooling 

in Building No. 3. 

o   Insulate Domestic Hot Water Piping. 

Additional energy conservation measures, for Boiler and Utility 
Systems, are listed below 

o   Install Oxygen Trim in Central Boiler Plant in 
Building 2. 

o   Install Stack Economizer in Central Boiler Plant in 
Building 2. 
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6.0 INCREMENT A PROJECTS 

6.1 DEFINITION 

6.2 

This section presents energy saving Increment A projects that 
meet ECAM criteria. 

Increment A projects involve modifying, improving or retro- 

fitting existing buildihngs.  These projects typically involve 
architectural and structural features, HVAC systems, plumbing 

systems, interior and exterior building lighting and parking 
facilities lighting. 

INCREMENT A PROJECT SELECTION PROCESS 

Each ECM is analyzed in accordance with the ECAM Life Cycle Cost 
Economic Analysis Summary.  An ECAM will be "recommended" for a 

building under Increment A, provided it has a Savings-to-In vest- 
ment Ratio of at least 1.0. 

A list of applicable projects using the above criteria were 
developed during the review and verification process and are 

summarized in Chapter 5 of this report. 

6.3      RECOMMENDED ENERGY CONSERVATION MEASURES 

6.3.1 ECM 5:  Installation of Storm Windows in Buildings 1,2 and 3. 

Estimated Annual Dollar Savings: $ 50,263 

Estimated Annual Energy Savings:     4,500 MBTU 
ECR 14.9 

SIR 2.2 

Simple Amortization Period: 6.0 Years 
CWE (FY85) $303,015 

6.3.2 ECM 29:  Relamping Fixtures in Building 10, and 44. 

Estimated Annual Dollar Savings: 

Estimated Annual Energy Savings: 
ECR 

SIR 

Simple Amortization Period: 
CWE (FY85) 

4,366 

353 MBTU 
29.3 

3.8 
2.9 Years 

$12,045 

6.3.3  ECM 41:  Install antistratification unit heaters in Building 2. 

Estimated Annual Dollar Savings:  $108,907 

Estimated Annual Energy Savings:    11,415 MBTU 
ECR 12.8 
SIR 

CWE (FY85) 
1.8 

$890,969 

6.3.4  ECM 44:  Install Insulation on Hot Water Piping. 

Estimated Annual Dollar Savings: $  4,625 

Estimated Annual Energy Savings: 422 MBTU 
ECR 22.9 
SIR 3>1 

Simple Amortization Period: 4.2 
CWE (FY85) 19,265 
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7.0 INCREMENT B PROJECTS 

7.1 DEFINITION 

7.2.1 

7.2.2 

This section presents energy savings Increment B projects that 
meet ECAM criteria. 

Increment B projects involve utilities and energy distribution 

systems, EMCS for building and distribution systems, and 
existing energy plants.  Energy distribution systems include 

steam, chilled water and hot water distribution as well as 
pumps, wells, storage and treatment facilities. 

Recommended Energy Conservation Measures 

ECM 45:  Install oxygen trim system to Building No. 2 central 

boiler plant. 

Estimated annual dollar savings: 

Estimated annual energy savings: 
ECR 
SIR 

Simple Amortization Period: 
CWE (FY85) 

$64,77! 

6,157 MBTU 

31 .0 
4.8 

3.1 
$198,824 

ECM 46:  Install stack economizer to Building No. 2 central 

boiler plant. 

Estimated annual dollar savings: 

Estimated annual energy savings: 
ECR 

SIR 

Simple Amortization Period: 
CWE (FY85) 

$37,766 
3,590 MBTU 
24.1 

3.7 

3.9 
$149,020 
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8.0 

8.1 

8.2 

8.2.1 

8.2.2 

INCREMENT G PROJECTS 

DEFINITION 

This section presents those Increment A and Increment B projects 

that have an SIR less than 1.0 and therefore do not qualify under 
CCAM criteria.  ECM 30, Delamping, was included in Increment G not 

because it has an SIR less than 1.0 but because it is a 

maintenance measure rather than a energy savings measure. 

Energy Conservation Measures Investigated 

ECM 4: Installation of wall insulation in Buildings 1, 2, 3, 3A, 

4, 6A, 10, 16, 17, 18, 35, 36, 37, 38, 41, 42, 43, 44, and 48. 

Estimated annual dollar savings: 

Estimated annual energy savings: 
ECR 
SIR 

Simple Amortization Period: 
CWE (FY85) 

$116,481 

11,808 MBTU 
5.1 
0.7 

19.9 

$2,319,000 

ECM 19: Replace inefficient hot water heaters in Buildings 2, 16 
and 17. 

8.2.4. 

Estimated annual dollar savings: 

Estimated annual energy savings: 
ECR 

SIR 

Simple Amortization Period: 
CWE (FY85) 

$ 147 

13 MBTU 
0.7 

0.1 

121.4 
$17,934 

8.2.3    ECM 30:  Delamping Lighting Fixtures in Building 10. 

Estimated Annual Dollar Savings: $ 2,758 

Estimated Annual Energy Savings: 223 MBTU 
ECR 122.2 

SIR 15.8 
Simple Amortization Period: 0.7 Years 
CWE (FY85) $1,825 

ECM 40:  Replace chiller with screw driven chiller and plate type 
heat exchanger. 

Estimated annual dollar savings; 

Estimated annual energy savings; 
ECR 
SIR 

Simple Amortization Period: 

CWE (FY85) 

$ 31,617 
2,556 MBTU 

1.3 
0.2 

63.6 

$2,010,729 
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9.0 

9.1 

RECOMMENDATIONS AND CONCLUSIONS 

Introduction 

This chapter summarizes all energy conservation measures developed 
and recommends projects to be implemented. 

9.2 Solar Energy Application 

In our investigations at SAEP, consideration has been given to the 

feasibility of solar energy projects.  The Plant has addressed 
their concern for the ability to add additional loading to the 
existing roof structures.  In addition, the lack of available real 

estate in the Plant negates the possibility of installing solar 
panels on ground level. 

With the logistical problems encountered as described above and 

the geographic location of the Plant, it is not anticipated that 
solar system projects will be viable at SAEP. 

9.3 Energy Conservation Measures Developed 

Energy conservation measures listed in Table 9.3 summarize all 

ECAM and Increment G projects examined.  Projects listed in ECM 
number order. 

9.4 Recommended Energy Conservation Measures 

Table 9.4 summarizes recommended energy conservation measures 

arranged in priority order according to descending ECR. 

9.5 Energy Conservation Measures Not Recommended 

Chapter 5, Section 5.5 Energy Conservation Measures Investigated 

lists all the possible energy conservation Measures considered for 
this feasibility study.  Because certain ECM's did not apply to 
SAEP, they were disregarded at the outset.  Explanations as to why 
certain ECMs were not recommended are also provided in Section 
5.5. 

9.6 Energy Conservation Projects Planned, Recently Completed or In 
Progress 

The design of an Energy Monitoring and Control System (EMCS) by 

EMC Incorporated of Denver, Colorado is the most significant 
energy saving project in this catergory.  The energy savings for 

the EMCS are estimated to be 53,456 MBTU per year at a total 

installed cost of $1,834,900 (FY82) as indicated in their Phase 1 
Feasibility study prepared in November 1981 under Contract No. 

DACA 51-81-C-0055. 

Estimates of energy savings for projects which were recently 
completed by the Plant or are in progress were performed to help 
project energy consumption in FY85.  Table 9.6 summarizes energy 
savings for these projects. 
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TABLE 9.6 

Energy Savings for Projects Planned, Recently 
Completed, or in Progress 

9.7 

PROJECT 

Roof Rehabilitation 

Condensate System Rehabilation 
Installation of High Pressure 

Lighting 

Rehabilitation of Building 3A 
Installation of Kalwall 

Total 

ECM Implementation 

MBTU/YR SAVED 

29 ,000 
6 ,300 

55 ,000 
100 

7 ,500 
97,900 

As intended by this Energy Study for SAEP, ECM cost estimates have 
been calculated such that the ECM can be implemented at the start 

of FY85.  Since it may not be possible to start all ECMs at this 
time, escalation rates for FY86, FY87 and FY88 have been given 
below.  To determine the cost of a project implemented after FY85, 

multiply the FY85 construction cost by the appropriate escalation 
rate(s) . 

FY86 4.53X 

FY87 4.443! 
FY88 4.44% 

CWE 85 x 1.0453 = CWE 86 

CWE 85 x 1.0453 x 1.0444 = CWE 85 x 1.0917 = CWE 87 

CWE 85 x 1.0453 x 1.0444 = CWE 85 x 1.14 = CWE 88 

Construction cost escalation rates are taken from EIRS Bulletin 
82-02, dated 12 May 1982. 

9.8     Predicted Energy Savings 

Figure 9.7, Future Energy Consumptions, shows the DARC0M goal, 

source energy consumption per unit area from FY75 to FY81, and 
projected consumption from FY81 to FY85. 

Projected energy consumption is based on the following energy con- 
servation projects: 

o  Increment A, B and G projects developed in this report and 
summarized in Table 9.4. (26,680 MBTU/YR) 

o  Energy Monitoring and Control System developed by EMC Inc. 
(53,456 MBTU/YR) 

o  Estimate of energy savings from projects planned, recently com- 

pleted or in progress.  (97,900 MBTU/YR) 

Total energy savings for the above items is 114 or 178,036 

MBTU/YR. 

When all the recommended ECMs will be implemented, energy consump- 

tion at SAEP will be reduced by 15 percent (114 KBTU/GSF-YR + 739 
KBTU/GSF-YR) with reference to FY75 energy consumption.  This does 
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not meet the DARCOM goal (a 2035 reduction from FY75 to FY85) of 

591.2 KBTU/GSF-YR. 

9.8.1 Elimination of Process Fuels from DARCOM Goal 

The energy consumed in FY75, as well as subsequent years were 
primarily untilized fo" process related functions.  In FY 75, for 

example, jet fuel, diesel fuel, No. 2 fuel oil, No. 4 fuel oil and 

firm natural gas which were used solely for process related 
functions comprise 42 percent of the total source energy (489,591 

MBTU ♦ 1,154,03-6 MBTU).  The remaining 58% of the total source 

energy is used for both process and non-process related 
funct ions. 

This Energy Engineering Analysis deals with recommending energy 
conservation measures for non-process related functions. 

Therefore, in order to get a clearer picture of the anticipated 
energy savings in relation to the DARCOM goal, process related 
energy consumption should be disregarded and only non-process 

related functions should be considered. 

By removing the process related fuels from the FY75 energy 

consumption, the energy savings for non-process fuels can be 

estimated.  Taking FY75 energy consumption multiplied by the 
percentage of non-process related fuel consumption the following 

results: 

739 KBTU/GSF-YR x 0.58 = 429 KBTU/GSF-YR 

Using 429 KBTU/GSF-YR as the energy consumed in FY75, a 2755 

reduction (114+429) in source energy consumption per unit area is 

realized. 

A 27SS reduction in source energy consumption per unit area can be 

achieved if fuels used only for process related functions are 

discounted from the energy consumption profile. 
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