vLh 910166}

NYITIWOWN 8 TTVHSHYIW 'AHDNVYOOW

SHINNV Id + SHIINIONI + S1J3LIHOHVY
NOILVHO4dH0D 1TVYNOISSIJ0Hd v

Noraa U ININIIA
Aq patedaud .

Aj1awi04

SHIANIODN3 40 SdH0D
101d1S1d X1044ON 9y} 10}

1 200-0-18-G9VIVA "ON LOVHLNOD
NWVHOOUHd SISATYNY DNIHIINIONT ADHIN

TIHAV 1404
AHYVINNNS 3AILND3IX3 TVLLINGNS TTVNIL




DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES, CORPS OFF ENGINEERS
P.O. BOX 9003
- CHAMPAIGN, ILLINOIS  61826-9005

REPLYTD
ATTENTION OF: TR-T Library

17 Sep 1997

Based on SOW, these Energy Studies are unclassified/unlimited.
Distribution A. Approved for public release.

Marie Wakefgeld,
Librarian/Engineering




SUBMITTAL NO. 4 EXECUTIVE SUMMARY

Fort AP Hi ”
Fv&lw'ckaE\mr VA

(84) 632-504| Luls
(8og) 62%- 8215 hEH

(Bog) 623- 8255 E‘-v\,e"é Mawag e ,Ter; 'E‘mwk$

FINAL SUBMITTAL: A, B, C, F & G

FORT A P HILL

ENERGY ENGINEERING ANALYSIS PROGRAM

CONTRACT NO DACA65-81-C-0021

FOR THE

NORFOLK DISTRICT CORPS OF ENGINEERS

PREPARED BY

MMM DESIGN GROUP

DTIC QUALITY INSPECTED &




TABLE OF CONTENTS

REPORT NARRATIVE (separately bound)
1. INTRODUCTION
1.1 PURPOSE OF THE STUDY
1.2 ORGANIZATION OF THE EEA REPORT
1.3 DESCRIPTION OF THE FACILITY
1.4 APPROACH TO ANALYSIS
2. HISTORICAL ENERGY USAGE
2.1 BASEWIDE ENERGY CONSUMPTION:
FY 1975 THROUGH FY 1980
2.2 ENERGY USE MODELING
3. BASEWIDE ENERGY SAVINGS PLAN
3.1 INTRODUCTION
3.2 PAST ENERGY CONSERVATION PROJECTS
3.3 ENERGY CONSERVATION PROJECTS UNDER
CONTRACT
3.4 OPERATIONAL AND MAINTENANCE PROCEDURES
3.5 DEMOLITION AND SHUTDOWN
3.6 CONSTRUCTION PROJECTS
3.7 ANALYSIS OF ENERGY CONSERVATION OPTIONS:
INCREMENTS (A),(B),(G), AND (F)
3.8 RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (A)
3.9 RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (B)
3.10 RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (G)
3.11 RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (C)
3.12 RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (F)

3.13 SUMMARY OF BASEWIDE ENERGY SAVINGS PLAN

PAGE

1/1
1/2
1/3
1/15

2/1
2/14

3/1
3/1

3/2
3/5
3/5
3/8
3/8
3/20
3/28
3/30
3/36

3/43
3/57




TABLE OF CONTENTS (continued)

II.

APPENDIX (separately bound)

1.

2.

3.

5.
6.

10.

11.

PAST SUBMITTAL REVIEW COMMENTS

SUBMITTAL NO. 1 REVIEW COMMENTS
SUBMITTAL NO. 2 REVIEW COMMENTS -

l-
1.
1. SUBMITTAL NO. 3 REVIEW COMMENTS

wWN -

BUILDINGS ON BASE BY USE GROUP
HISTORICAL ENERGY USAGE

.1 MILITARY AGGREGATE STRENGTH AND
OTHER POPULATION DATA
2 CLIMATOLOGICAL DATA
3 ENERGY CONSUMPTION TABULATIONS
4 ENERGY COST DATA ‘
5 ECONOMIC COST DATA AND ESCALATION RATES

FACTORS IMPACTING BASEWIDE ENERGY SAVINGS PLAN

4.1 PAST ENERGY CONSERVATION PROJECTS
4.2 PAST ENERGY CONSUMPTION INCREASES
4.3 SYNERGY METHODOLOGY

4.4 UTILITIES AND OTHER MISCELLANEOUS LOADS

ELECTRICAL DISTRIBUTION SYSTEM ANALYSIS
COMPUTER (BLAST) MODELING

6.1 ASSUMPTIONS USED FOR BLAST

6.2 SAMPLE BLAST INPUT AND OUTPUT:
BUILDING 101

6.3 BASE MODEL UNIT ENERGY MULTIPLIERS

INCREMENT (A) AND INCREMENT (B) ENERGY
CONSERVATION PROJECTS: ENERGY SAVINGS
AND ECONOMIC CALCULATIONS

INCREMENT (G) ENERGY CONSERVATION PROJECTS:
ENERGY SAVINGS AND ECONOMIC CALCULATIONS

INCREMENT (C) ENERGY CONSERVATION PROJECTS:
ENERGY SAVINGS AND ECONOMIC CALCULATIONS

INCREMENT (F) ENERGY CONSERVATION PROJECTS:
ENERGY SAVINGS AND ECONOMIC CALCULATIONS

REFERENCES FOR THE STUDY

PAGE

1/1
1/2
1/9
1/30
2/1
3/1
3/2
3/8
3/13
3/17
3/22
4/1
4/1
4/13
4/27
4/32
5/1
6/1
6/2

6/9
6/22

7/1

8/1

9/1

10/1

11/1




TABLE OF CONTENTS (continued)

III. PROJECT DOCUMENTATION (separately bound)

Iv.

1.

PROJECT DOCUMENTATION: ENERGY CONSERVATION
MODIFICATIONS FOR FORT A. P. HILL, VIRGINIA

1l.1 PROJECT DEVELOPMENT BROCHURE
1.2 FORMS 1391, 1391C AND DETAILED JUSTIFICATION
1.3 ENERGY CONSERVATION INVESTMENT PROGRAM

EXECUTIVE SUMMARY (separately bound and bound herein)

1.

4.

5.

INTRODUCTION

1.1 OBJECTIVE
1.2 METHODOLOGY

.iEXISTING ENERGY CONSUMPTION

ENERGY CONSERVATION MEASURES DEVELOPED

3.1 INTRODUCTION

3.2 RECOMMENDED ENERGY CONSERVATION

PROJECTS: INCREMENTS (A) AND (B)

3.3 RECOMMENDED ENERGY CONSERVATION

PROJECTS: INCREMENT (G)

3.4 RECOMMENDED ENERGY CONSERVATION
PROJECTS: INCREMENT (C)

3.5 RECOMMENDED ENERGY CONSERVATION

PROJECTS: INCREMENT (F)

ENERGY AND COST SAVINGS

ENERGY PLAN

PAGE

Ml AW W W W NN




|

TABLE OF CONTENTS (continued)

V. INCREMENT (F) (separately bound)

BASEWIDE ENERGY SAVINGS PLAN

3.11
3.12

3.13

INTRODUCTION

PAST ENERGY CONSERVATION PROJECTS

ENERGY CONSERVATION PROJECTS UNDER
CONTRACT

OPERATIONAL AND MAINTENANCE PROCEDURES
DEMOLITION AND SHUTDOWN

CONSTRUCTION PROJECTS

ANALYSIS OF ENERGY CONSERVATION OPTIONS:
INCREMENTS (A),(B),(G), AND (F)
RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (A)

RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (B)

RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (G)

RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (C)

RECOMMENDED ENERGY CONSERVATION PROJECTS:
INCREMENT (F)

SUMMARY OF BASEWIDE ENERGY SAVINGS PLAN

PAGE

3/1
3/1

3/2
3/5
3/5
3/8
3/8
3/20
3/28
3/30
3/36

3/43
3/57




TABLE OF CONTENTS: FIGURES

I. REPORT NARRATIVE (separately bound)

!
O (00] ~ and W

O e e e e e et e
] I I | I

(=]
|
(]
(@]

[\ N NN I;JN SN

I
(00] ~ oy oW N -

oy
= O
o

2-11

2-12

1977 TRAINING UTILIZATION - MANDAYS
AVERAGE MONTHLY POPULATION PROFILE
MILITARY AGGREGATE STRENGTH -

FY 75 THROUGH FY 80

HEATING SYSTEM FUEL SOURCE SUMMARY
COOLING SYSTEM SUMMARY

HEATING AND COOLING DEGREE DAYS

FOR FORT A. P. HILL

FORT A. P. HILL BUILDING USE GROUP
AND SPECIFIC BUILDING TYPES

FORT A. P. HILL BUILDING USE GROUPS
SUMMARY

CONSTRUCTION CHARACTERISTICS OF TYPICAL
BUILDINGS

TYPICAL BUILDING SYSTEMS SUMMARY TABLE

HISTORICAL FUEL BLEND

ENERGY CONSUMPTION BY SOURCE - FY 75
THROUGH FY 80

ACTUAL FUEL COSTS AND RELATIVE FUEL COSTS
ELECTRIC CONSUMPTION ANNUAL PROFILES
FY 75 THROUGH FY 80

ELECTRIC DEMAND PROFILE

FUEL OIL #2 DELIVERIES ANNUAL PROFILES
FY 76 AND FY 80

FUEL OIL #1 DELIVERIES ANNUAL PROFILES
FY 76 AND FY 80

LP GAS DELIVERIES ANNUAL PROFILES

ggTKE §§BRE¥ BBLIVERIES ANNUAL PROFILES
FY 76 AND FY 80

TOTAL ENERGY CONSUMPTION - FY 75
THROUGH FY 80

BUILDING GROUP ENERGY USAGE - 1975
BASE YEAR

BUILDING USE GROUP AREA AND ENERGY
DISTRIBUTIONS

FUNCTIONAL ENERGY CONSUMPTION

PAGE

1/5
1/7

1/8

1/10
1/11
1/13
1/18
1/19

1/22
- 1/23

2/4

2/5
2/6

2/7
2/8

2/9
2/10

2/11
2/12

2/13
2/16

2/18
2/19




B

TABLE OF CONTENTS: FIGURES (cont.)

Iv

W ww
! [

}
= O 0Oy (-8 w N -

N O

wwwwc‘oww w W

EXECUTIVE SUMMARY (separately bound and bound herein)

1.
2.

3.
4.

5.

6.
7.

8.

9.

10.
11.
12,
13.
14.

PAST ENERGY CONSERVATION PROJECTS
ENERGY CONSERVATION PROJECTS UNDER
CONTRACT

EXISTING OPERATIONS AND MAINTENANCE
PROCEDURES

CONSTRUCTION PROJECTS SINCE 1975
PRELIMINARY MATRIX - ENERGY CONSERVATION
OPTIONS

FUTURE METERING PLAN

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

ENERGY PROJECTION SUMMARY

ENERGY COST PROJECTION

FORT A. P. HILL BUILDING USE GROUPS
SUMMARY

CONSTRUCTION CHARACTERISTICS OF TYPICAL
BUILDINGS

TYPICAL BUILDING SYSTEMS SUMMARY TABLE
BUILDING GROUP ENERGY USAGE - 1975

BASE YEAR

TOTAL ENERGY CONSUMPTION FY-75 THROUGH
FY-80

HISTORICAL FUEL BLEND

BUILDING USE GROUP AREA AND ENERGY
DISTRIBUTIONS

PRELIMINARY MATRIX - ENERGY CONSERVATION
OPTIONS

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

EEA PROJECT SUMMARY

ENERGY COST PROJECTION

ENERGY PROJECTION SUMMARY

3/3
3/4

3/6
3/7

3/9

3/55
3/58
3/59
3/61
3/62
3/63

ol O

12
13

14
15
16
17
18
19
20




TABLE OF CONTENTS: FIGURES (cont.)

V. INCREMENT (F) (separately bound)

3-1 PAST ENERGY CONSERVATION PROJECTS 3/3
3-2 ENERGY CONSERVATION PROJECTS UNDER

CONTRACT 3/4
3-3 EXISTING OPERATIONS AND MAINTENANCE

PROCEDURES 3/6
3-8 gggﬁgﬁgm@mmﬁ@!sEMS@ ¢3423ERVATION g;;
3-6 FUTURE METERING PLAN 3/55
3-7 EEA PROJECT SUMMARY 3/58
3-8 EEA PROJECT SUMMARY 3/59
3-9 EEA PROJECT SUMMARY 3/61
3-10 EEA PROJECT SUMMARY 3/62
3-11 ENERGY PROJECTION SUMMARY 3/63
3-12 ENERGY COST PROJECTION




Iv EXECUTIVE SUMMARY

1. INTRODUCTION
1.1 OBJECTIVE

This is a summary of an Energy Engineering Analysis,
conducted to provide a Basewide Energy Savings Plan at
Fort A. P. Hill, Virginia. This Plan includes recommendations
for energy conservations Projects to reduce the installation's
present energy consumption, as well as a description of other
energy-related factors which affect consumption. It |is
important to note that savings figures presented in this
summary can only be realized after all Projects have been
implemented. MMM Design Group has developed Projects that
meet the funding requirements for the D.O.D.'s Energy
Conservation Investment Program. Furthermore, the recommended
Projects provide compliance with the Army Facilities Energy
Plan. This summary presents data relative to the following
chronological period:

A. 1975 Energy Consumption (baseline).
B. 1985 Energy Use (projection).
1.2 METHODOLOGY

The analysis methodology was based in part on an
examination and study of a "sampling" of structures
representative of all of the structures at Fort A. P. Hill.
These "sample" or "study" buildings were used to model
"building use groups" which had similar architectural,
mechanical, and electrical system characteristics, as well as
similar functional uses. %hese characteristics are summarized
in Figures 1, 2, and 3.

2. EXISTING ENERGY CONSUMPTION

Once these building group system characteristics were
determined, they were input into the Corps of Engineers
Building Loads Analysis and Systems Thermodynamics (BLAST)
Program. Then, the BLAST Program parameters were manipulated
in order to simulate 1975 conditions. See Building Group
Energy Usage (Figure 4) for a description of energy sources,




and energy use totals by building group. Finally, a total
MBTU consumption record was prepared to model actual
consumption between 1975 and 1980, adjusted for historic
degree days, (Figure 5). This figure reflects a total
consumption of 75,000 MBTU for the 1975 baseline, and 86,000
MBTU for 1980. This record includes energy use for buildings
and all other energy consuming systems (site utilities, site
lighting, etc.).

Figures 6 compares the relative percentages of fuel types
used during the 1975 and 1980 fiscal years. Noteworthy is the
fact that fuel o0il use has declined, from 51% to 40% of the
total energy usage. Liquid petroleum use has increased
slightly from 7% to 8%. The fuel oil usage drop has been made
up by electricity usage, which has increased significantly
from 42% to 52% of the total energy consumed.

. Figure 7 indicates the annual source energy consumed by
each of the significant building groups used in the basewide
energy model. Dining is the largest user, consuming 30% of
total energy, housing the second largest consumer at 23%, and
administration at 22%. Latrines and shop facilities use 12%
and 10% respectively. Utilities use approximately 3%.

3. ENERGY CONSERVATION MEASURES DEVELOPED
3.1 1Introduction

The tool used for initial analysis of possible new energy
conservation measures or options at Fort A. P. Hill was a
Preliminary Matrix (Figure 8). This matrix ranked each option
by building use group, and established priorities for detailed
study and project development of selected options.

The separately bound "Appendix" volume of this Energy
Engineering Analysis provides documentation of the back-up
material developed during the course of the work. The results
of the programmed energy conservation Projects are included in
the separately bound volume entitled "Project Documentation."
A summary of all Projects, categorized by EEA study Increment,
can be found in the EEA Project Summaries (Figures 9 through
12). These projects are listed in order of their E over C
Ratio.




3.2 RECOMMENDED ENERGY CONSERVATION PROJECTS: INCREMENTS (A)
AND (B)

A total of eight (8) projects, Increments (A) and (B),
qualified under ECIP criteria as programmable energy
conservation projects. Included are the installation of
programmable thermostats for night setback of heating and
cooling systems, as well as noncombustable insulation for
building envelopes. Also qualifying for these increments are
the caulking and weatherstripping of building fenestration,
the replacement of inefficient building and street lighting,
and the installation of storm windows.

3.3 RECOMMENDED ENERGY CONSERVATION PROJECTS: INCREMENT (G)

A total of four (4) Projects did not meet the necessary
ECIP criteria, and therefore do no appear in the Project
Documentation volume of this report. These projects were
subsequently classified under Increment (G). 1Included under
this increment are the installation of insulated overhead
doors, timer switches for toilet room lighting and domestic
water heater controls. Also included is the installation of a
basewide Energy Management Control System (EMCS).

3.4 RECOMMENDED ENERGY CONSERVATION PROJECTS: INCREMENT (C)

Several options were analyzed for potential renewable
energy projects (Increment C). Included in this part of the
study is a solar domestic water heating system, an active
solar application. Trombe wall adaptations are presented as a

- passive solar application, and wood boiler conversions are
analyzed as a renewable energy source. Of these projects,
only the wood boiler conversion appears to be a candidate for
further feasibility analysis. These projects are described
further in Section 3.11 of the Report Narrative, and back-up
calculations are presented in Section 9 of the Appendix.

3.5 RECOMMENDED ENERGY CONSERVATION PROJECTS: INCREMENT (F)

Recommendations for modifications to system operation at
Fort A. P. Hill, which are within the funding authority and/or
management control of the Facilities Engineer, fall into four
broad categories.

A. Replacement of "as-needed" system components with
"state-of-the-art", high-efficiency components:
Such components as electrical lamps, water system
pump motors, and high-bay roll-up doors, are
examples of opportunities to save energy by means
of Facility Engineer selection and purchase
proceedures.




B. Elimination of unnecessary energy consuming items:
This proposal requires coordination with current
and programmed building use. Involves the
elimination of domestic hot water in Administration
buildings, and the reduction of window glazing
where not. required for natural light, ventilation
or egress.

C. Controls of energy systems: This suggestion
includes miscellaneous installations of photocell
and time clock controls for lighting, selective
switching of 1lighting and domestic hot water
circulating pump controls.

D. Future Metering Plan: Provided for the future
monitoring of electricity consumption, this plan
determines the high energy use buildings on base
and suggests locations for future electrical
meters.

The above recommendations are discussed in more detail
within the body of the Report Narrative.

4. ENERGY AND COST SAVINGS

The annual energy savings by proposed Project are given
in Figures 9 through 12, along with the payback period, in
years. This payback is based on the implementation of all
Projects by fiscal year 1985, and uses fuel types related to
each respective project. Fuel cost escallation is given from
~ 1980 to 1985 in Figure 13, entitled "Energy Cost Projection."

For projected energy consumption and total energy savings
to be realized, savings from inter-related or interdependent
projects must be coordinated. Thus, the total energy savings,
as shown in the Energy Projection Summary (Figure 14), is
based on the assumption that all projects will be implemented
by a given fiscal year (1985).




5. ENERGY PLAN

A Fort A. P. Hill Basewide Energy Savings Plan, the
ultimate result of this Energy Engineering Analysis, includes
energy use input from the following:

A. Past Energy Conservation Projects.

B. Energy Conservatioh Projects Under Contract.
c. Existing Operational and Maintenance Projects.
D. Demolition and Shutdown.

E. New Construction Projects.

F. Recommended Energy Conservation Projects.

* A summary of the above energy use factors is given in
Figure 14, the Energy Projection Summary, with the exception
of 1Increment C and 1Increment G energy savings, as well as
savings from several Increment F projects which could not be
projected. (See Figure 12).

Past and ongoing energy conservation projects, along with
those projects recommended by this energy engineering
analysis, account for a 34% reduction in FY 1975 energy
consumption. However, the sum of new construction, decreased
winterization and increased building air conditioning results
in a 32% increase in energy consumption. This increase almost
completely offsets the savings achieved by energy conservation
projects. The final result of the savings plan, as seen in
Figure 14, 1is an overall 2% decrease in annual energy
consumption by FY 1985.

A more appropriate method of evaluating this basewide
energy savings plan is through the analysis of energy usage
per square foot of building area. In base year 1975, Fort
A. P. Hill contained approximately 522,000 square feet of
building area, yet consumed over 75,000 MBTU anually. This
equates to an annual consumption of approximately 144,000 BTU
per square foot. By FY 1985, with the recent construction and
programmed construction projects included, building area on
the Fort will increase to over 960,000 square feet. As shown
in Figure 14, however, annual energy consumption is projected
at only 73,700 MBTU for that year. This results in an annual
energy usage of only 76,700 BTU per square foot of building
area, or a 53% reduction.
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FUEL OILS
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EEA130-0883/0103

ENERGY

COST PROJECTION

ESCALATED FUEL COST
(8/MBTU) %
FISCAL
YERR 2 FUEL OIL
#
ELECTRICITY AND KEROSENE
1982 #4.50 $#9.88
1983 4.84 11.11
1984 5.56 12.78
1985 6.40 14.70
1986 7.35 16.90
1987 8.46 18.44
» ESCALATED AS RECOMMENDED BY COE “ENERGY CONSERVATION
INVESTMENT PROGRAM GUIDANCE”, TABLE #2, AT 157% PER YEAR
FOR FUEL OIL AND ELECTRICITY. SEE ALSO APPENDIX 3.5

FIGURE
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