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Size: 185,870 SF
Cost: $56.2 million
=T S Stories: 3
= i — Delivery Method: Design-Bid-Build
- == Construction: Spring ‘09 to 09/2011

Architecture:

The DMA building is large facility for the US
armed forces that was designed to mimic
“Georgian” Architecture. It is on track for a
LEED Silver rating. Some of the features of
the building are; red brick and white trim,
symmetrical design, portico with classical
columns at the entrance, and “punched”
windows.
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1.0 Executive Summary

The Defense Media Activity (DMA) building is a three story, 186,000 square foot facility designed for the
Army Corps of Engineers. This building has a data center, television studios, media centers, offices, and
editing suites. The DMA building will operate 24 hours a day which distinguishes it from a typical office
building. It is designed to operate with redundancy in mind, as well as efficiency for LEED Certification.

Overall, the mechanical system of the DMA building is well planned out and implemented. The energy
usage is kept to a minimum by utilizing efficient equipment. VAV systems combined with high efficiency
chillers and boilers are very effective if implemented correctly. The data center uses high efficiency and
high density APC cooling racks to take care of the data center loads.

The object of this report is to minimize costs spent on energy consumption, making the building less
expensive and more efficient to operate. In order to optimize the building’s energy use, several options
have been proposed as alternatives. These options are: combined heat and power (CHP), thermal
energy storage, CHP with thermal energy storage, and system optimization.

Two different prime movers were analyzed for the implementation in a combined heat and power
system. Internal combustion engines were selected as the more economical option. CHP system E
showed the best savings as well as the fastest payback. Annual savings from system E were around
$368,273 and a simple payback period for this system was calculated to be around 8.8 years. An
acoustical analysis was done on CHP systems to see the impact of noise they had on adjacent spaces. An
electrical analysis was also performed on the selected CHP system E.

A peak shaving strategy was used to analyze two types of thermal storage systems. Ice storage had a
range of results that ranged from negative benefits to very minimal benefits when it came to cost
savings. Chilled water storage produced an average yearly savings of around $10,643, which included
demand savings and on-peak kWh savings. An initial investment of $173,667 would have to be made for
this system. The payback period for the chilled water storage system was around 16.32 years.

The third analysis performed was the integration of a chilled water storage system with a combined heat
and power system. When incorporating a chilled water storage system with a CHP system, calculations
showed yearly energy cost savings around $11,644. The initial investment for adding a chilled water
storage system in was around $123,409. This led to a 10.6 year payback period to justify the additional
investment in thermal storage.

The fourth analysis was separated into two sections. Section one dealt with energy cost savings due to a
DOAS system as compared to a VAV system. When using DOAS in the DMA building, yearly cost savings
from energy usage were around $46,494. Section two introduced a separate chiller for the data center
that would run at different temperatures to optimize energy cost savings. Running the chiller at 55° F as
compared to the original 44° F produced a yearly savings of about $28,155. The initial investment of a
couple valves, piping and pumps was paid off in less than a year for this option.

CHP system E was recommended by this report. This system showed the largest energy cost savings, the
fastest payback period, and a big reduction of the carbon dioxide footprint for the DMA building.
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2.0 Existing Conditions

2.1 Introduction

Defense Media Activity is a three story, 186,000 square foot, facility designed for the Army Corps of
Engineers. This building has a data center, television studios, media centers, offices, and editing suites.
The DMA building will operate 24 hours a day which separates it from a typical office building. It is
designed to operate with redundancy in mind, as well as efficiency for LEED Certification.

2.2 Design Objectives

The main design objectives for the DMA building are as follows: meeting the ASHRAE Standards and
earning LEED certification as government requirements. Based on these standards, the building must
meet energy, ventilation, temperature, and humidity requirements. The design produces an energy
efficient building using a conventional Variable Air Volume (VAV) system, high efficiency chillers, cooling
towers and boilers to condition the building as well as high density APC cooling racks to take care of the
data center loads. However, other design alternatives might provide even better energy performance,
although at a greater initial cost.

2.2.1 Site and Budget

The site for the DMA building is located in Fort George G. Meade, Maryland. Fort Meade is one
of the largest Army installations in the U.S. It is currently expanding to accommodate the Base
Realignment And Closure (BRAC) plan. The current site of the DMA building is located on a golf
course. Special storm water permits and wetland waterway permits had to be obtained for site
work in order to prevent erosion and provide sediment control. The building was bid and
awarded for $56,195,000 - a price that fit within its budget constraints. The building was
designed to be energy efficient while keeping budget in mind. The current economic situation
certainly aided in keeping the building within the original budget.

2.3 System Design and Equipment Summaries

The majority of the DMA building is conditioned by a VAV system. There are a total of 168 terminal units
in the building. These terminal units are connected to six Air Handling Units (AHU’s) with two units per
floor. The rest of the ventilation is done with nine Roof Top Units. The sizes of AHU’s range from about
12,000 CFM to almost 18,000 CFM. RTU’s range from 3,200 CFM to almost 23,000 CFM. The AHU’s and

RTU’s can be seen in Table 1.
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Table 1: Airflow Rates

Airflow Rates
Unit Design Max CFM | Design Min OA
AHU-EG-1 12455 2380
AHU-EG-2 12070 1580
AHU-E1-2 15810 1800
AHU-E1-1 17660 2590
AHU-E2-1 12350 1460
AHU-E2-2 16710 2120
RTU-W1-1 3190 340
RTU-W1-2 9810 2580
RTU-W1-3 12895 3100
RTU-W1-4 14000 1400
RTU-W1-5 9200 480
RTU-W1-6 4700 450
RTU-W1-7 4910 470
RTU-W1-8 15890 4560
RTU-W1-9 22930 1200

The DMA building uses three 500 ton centrifugal chillers that have a COP of 6.1. These chillers can be
seen in Table 2. The condenser water is then pumped to the three cooling towers. These cooling towers
are double cell induced draft and have a maximum flow rate of 1500 GPM with 25Hp fans. Cooling
towers are shown in Table 3. The building is heated by three 3000 MBH natural gas condensing boilers
which are 98% efficient. Boiler statistics can be seen in Table 4. One chiller, one boiler, and one cooling
tower are on standby in case of failure.

Table 2: Chillers

Chillers
Chilled Water Condenser Water
Unit | Tons | GPM IPLV 75% Load | 50% Load | 25% Load | LW.T. | EW.T GPM LW.T. | EEW.T.
kW/ton | kW/ton kW/ton kW/ton (F) (F) (F) (F)
500 | 1000 | 0.356 0.418 0.304 0.39 45 85 1500 85 95
500 | 1000 | 0.356 0.418 0.304 0.39 45 85 1500 85 95
500 | 1000 | 0.356 0.418 0.304 0.39 45 85 1500 85 95

PSUAE | 2.0 Existing Conditions




[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

Table 3: Cooling Towers

Cooling Towers
Unit GPM Fan HP E.W.T. LW.T

1 1500 25 95 85
2 1500 25 95 85
3 1500 25 95 85

Table 4: Boilers

Boilers
. Supply
. Capacity
Unit Type GPM | Temp
(MBH) (F)

Condensing 3000 150 180
Condensing 3000 150 180
Condensing 3000 150 180

The chilled water side of the mechanical system uses a primary/secondary flow system with two sets of
pumps. One set is dedicated to pumping water through the chiller, and the second set distributes the
chilled water throughout the building. Pumps are a major component of the mechanical system. Most of
the pumps used in the DMA building are Variable Frequency Drive except for the primary side of the
chilled water system.

Each set of pumps for the chilled water and hot water systems consists of three Variable Frequency
Drive pumps. Two pumps are dedicated for the heat exchangers. Chilled water pumps are 1000 GPM
each for the primary loop and 2000 GPM for the secondary. The condenser water pumps are 1500 GPM
and the hot water pumps are 150 GPM for the primary and 300 GPM for secondary. The rest of the
pumps can be seen in Table 5.
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Table 5: Pumps
Pumps
Description Capacity | Head (ft) | HP | RPM
Primary Chilled Water 1000 40 | 15| 1750
Primary Chilled Water 1000 40 | 15 | 1750
Primary Chilled Water 1000 40 | 15| 1750
Secondary Chilled Water 2000 60 | 40 | 1750
Secondary Chilled Water 2000 60 | 40 | 1750
Secondary Chilled Water 1000 60 | 20 | 1750
Condenser Water 1500 50| 30| 1750
Condenser Water 1500 50 | 30| 1750
Condenser Water 1500 50| 30| 1750
Primary Hot Water 150 40 311750
Primary Hot Water 150 40 3| 1750
Primary Hot Water 150 40 311750
Secondary Hot Water 300 60| 10 | 1750
Secondary Hot Water 300 60 | 10 | 1750
Secondary Hot Water 150 60| 7.5 | 1750
Heat Exchanger 1000 25| 10 | 1150
Heat Exchanger 1500 55| 30| 1770

A 2000 KW 480/277V emergency generator is used as a backup to provide 48-hour stand-by power to all
life safety power loads as well as a backup for the data center. The system is also backed up by 20-
minute UPS at a technical and critical level. *

' HSMM | AECOM. 2007. DMA Final Design Analysis. HSMM | AECOM, Washington, DC.
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2.4 Design Air Conditions

Fort George Meade is located just outside of Baltimore, MD., so the design conditions for Baltimore
were used in the building model. The design outdoor air conditions were obtained from the ASHRAE
Fundamentals 2005. The coldest month was January, and the hottest month was July. These values are

shown in Table 6.

Table 6: Design Conditions

ASHRAE Design Conditions for Baltimore, MD
Summer Winter
DB (°F) MCWB (°F) DB (°F)
93.6 75 12.3

Design indoor air conditions for the DMA building were obtained from the designer. These values are

seen in Table 7.

Table 7: Indoor Conditions

Indoor Conditions
Cooling Set Point 75°F
Heating Set Point 68 °F
Relative Humidity 50%

2.5 System Operation

2.5.1 Schematics

Figure 1 shows the cooling tower flow. Cooling Tower 1 (CT-1) is the only tower that is used for
waterside free cooling. Water side free cooling was done specifically for the data center. This
was done in order to help reduce the large cooling loads from the data center. The rest of the
building was not considered for waterside free cooling.
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Figure 1: Cooling Tower Schematic
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Figure 2 shows the condenser water going up to the cooling towers.
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Figure 2: Condenser Schematic
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Figure 3 shows the chilled water system and the primary/secondary flow pumping system.
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Figure 3: Evaporator Schematic
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4 shows the hot water system.

-t -t -t g -=—HWR FROM
LOADS
! i i
BOILER-1 BOILER-Z BOILER-3

i i

=
I

- 123 —HWS = HWS 2 —FiSHWS TO
LOADS
Figure 4: Boiler Schematic

2.5.2 Air-Side

The DMA building uses a VAV system. Each terminal unit is supplied with air from an AHU.
Variable Speed Drive supply fans in the AHU’s are set up to automatically start based on the
optimum time for warming up or cooling down. A DDC control system is used in combination
with temperatures and operation schedules to determine this optimum time. The DDC system
controls the pressurization of the building by varying the supply and exhaust fans until an
appropriate pressure is obtained. Minimum outside air will be maintained at all times. Humidity
and temperature sensors will tell the DDC system to modulate supply air to meet the cooling or
heating loads of the building. During cooling mode, the maximum supply air temperature will be
kept at 56° F and a minimum of 48° F. During an Economizer mode, the outside air will be
modulated up to 100 percent open to condition spaces.

2.5.3 Water-Side

2.5.3.1 Chilled Water

The DMA building uses a chilled water system utilizing water cooled centrifugal chillers.
Chillers use a DDC system control. Using this system control, allows for remote
monitoring. This system will also allow chillers to be remotely operated including shut
downs and starts. As mentioned earlier in the report, the chilled water system uses a
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primary/secondary flow system. The primary chilled water pumps provide water to each
evaporator, while the secondary chilled water pumps will distribute the chilled water
throughout the system.

The master control panel sequences and controls each chiller to maintain a supply
temperature of 45° F. Each pump is associated with its own chiller and staged at the
same time the chillers are turned on. The lag chiller is turned on once the lead chiller
reaches 85% of capacity. Capacity is measured by the temperature difference between
the supply and return. This can be seen on the schematic with temperature sensors
located on the supply and return. To measure capacity, a flow meter is used on the
secondary side as well as the decoupling line. Chillers are rotated automatically from
lead to lag. Time delays are also built in for sequencing chillers on or off. This is done to
prevent cycling when loads vary slightly below and above the capacity at which chillers
are staged.

For redundancy, the secondary pumps are sized for 50% of the load and the third pump
is on standby. Upon failure of a pump, the standby pump is automatically turned on.
Condenser pumps are also monitored with pressure sensors in case of failure. These
pressure sensors can be seen in Figures 3 and 4.

Cooling towers are controlled to keep the condensing water temperature at 85° F.
Cooling tower fans are Variable Speed Drive to control capacity more closely. Another
feature built into the cooling towers is keeping the condensing water temperature at
65° F for partial free cooling as well as for full free cooling in cooling tower one. If the
temperature drops below 40° F, waterside free cooling is enabled. Once waterside free
cooling is enabled, the pumps for the heat exchanger are staged on and isolated with
cooling tower 1. If needed, a sump heater will be utilized to keep the water from
freezing.

2.5.3.2 Hot Water

When the outside temperature falls below 45° F the secondary heating pumps run
continuously. The outside air temperature also determines the number of boilers
running. Secondary pumps are variable frequency drive and are modulated by the DDC
control system. Constant downstream differential pressure is maintained through the
DDC system by monitoring the pressure with pressure sensors as seen in Figure 4.
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2.5.4 System Initial Cost

The estimated cost for the HVAC system in the DMA building is about $13,466,024. That is about
$75.37 per square foot of area. The estimated cost for plumbing is about $807,990, which is
around $6.65 per square foot. When comparing the total estimated cost of the HVAC system,
the construction cost for the mechanical system about 18% of the total cost.

2.5.5 Energy Sources

The site does not have district cooling or heating available. The energy sources that are available
for the DMA building are two electrical feeds and a natural gas line. The utility providing these
sources is Baltimore Gas and Electric. The rates used for analysis are provided in Table 8.

Table 8: BG&E Rates

Baltimore Gas and Electric Rates
Demand Charge ($/kW) ‘ 3.61
Summer June 1-Sept 30
F Rate On-Peak | Mid-Peak | Off-Peak
'g (C/kwh) 11.551 9.265 8.82
= Non-Summer (Oct 1- May 31)
Rate On-Peak | Mid-Peak | Off-Peak
(C/kwh) 9.01 7.717 6.253
@ Up to first 10000 therms (S/therm) 1.03
o Above 10000 therms ($/therm) 0.93
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3.0 Data from Previous Technical Reports

Three Technical reports have been written prior to the final report. These technical reports analyzed
current components of the building systems as well as performances. The areas discussed in these
reports includes ASHRAE 62.1-2007 analysis, ASHRAE 90.1-2007 analysis, heating and cooling load
analysis, LLED NC analysis, and an Annual Energy Use Analysis.

3.1 Ventilation Requirements

To verify that the building air handling system is providing adequate ventilation for the different spaces,
an ASHRAE 62.1 Analysis was performed. The calculations performed included all critical spaces in the
building such as television studios, offices, media centers, and data centers. A total of seven zones were
checked for compliance with minimum airflow rates to different zones. Analyzing critical zones of the
building represents the rest of the building and its compliance or non-compliance of Section 6 of
ASHRAE Standard 62.1.

When looking closer to Section 6 of ASHRAE Standard 62.1, one can see slight deviation from the
requirements in the actual design. A possible reason for non-compliance is the use of higher default
occupancy values in the calculations and differences in assumptions made in the spaces with open floor
plans. The AHU’s may need to be re-sized or adjusted for higher airflow rates if the occupancy values
stay true. Table 9 shows the design airflow rates as compared to the ASHRAE calculation.

Table 9: Airflow Rates

Airflow Rates
. Design Design ASHRAE 62.1 .
Unit . . Compliance
Max CFM Min OA Min OA
(A) AHU-EG-1 12455 2380 2924 No
(B) AHU-EG-2 12070 1580 1338 Yes
(E) AHU-E1-2 15810 1800 3159 No
(G)AHU-E2-2 16710 2120 3761 No
(H) AHU-E1-1 17660 2590 4022 No
(J) AHU-E2-1 12350 1460 2070 No
(K) RTU-W1-9 22930 1200 1198 Yes

Units B and K comply with the ASHRAE Standard 62.1 requirements for minimum outside air. The rest of
the units (A, E, G, H and J) will need to be adjusted to meet the minimum outside air requirements to be
compliant with Section 6. Once that is done, the DMA building is compliant with ASHRAE Standard 62.1.

PSUAE | 3.0 Data from Previous Technical Reports



[FINAL REPORT]
Pavel Likhonin
Mechanical Option

DMA Building
Fort George G. Meade, MD
Advisor: Professor Treado

April 1, 2010

3.2 Heating and Cooling Loads Comparison with Design

The entire building was modeled and simulated in Trane TRACE 700. For the purpose of this report, (6)
main air handlers will be discussed to the original design because the rest of the building follows the
same trend. Table 10 below summarizes the space cooling SF/ton, heating Btuh/SF, total supply air
CFM/SF, and ventilation supply as a percentage for the designed vs. modeled zones. The rest of the
zones share a similar pattern as seen from the total building energy consumption later in the report
when compared to the design.

Table 10: Loads and Ventilation Indices

Comparison of Loads and Ventilation Indices

AREA | Zone Cooling SF/ton Heating Btuh/SF Supply CFM/SF Ventilation %0A
(SF) (AHU) Design Modeled | Design | Modeled Design Modeled Design Modeled
12672 A 513.66 583.65 13.63 13.36 0.95 0.53 13.09 22
16000 B 623.30 554.54 8.08 13.84 0.78 0.57 19.10 21.2
19532 D 430.79 360.67 14.33 19.72 0.90 1.04 14.67 38.9
19748 E 428.28 352.84 15.16 19.12 0.85 1.2 12.69 11.6
16648 F 510.05 446.64 11.83 17.2 0.74 0.7 11.82 18.4
18363 G 516.98 385.09 12.84 19.12 0.86 0.74 11.38 21.6

When comparing the design versus modeled cooling loads, there is a slight deviation from space to
space. There is no significant trend of the modeled loads having a large deviation from the design. Some
of spaces, such as Zone A, have a higher modeled square foot per ton while others, like Zone B, have a
lower square foot per ton value. This deviation may come from slightly different areas used for the
model. Another difference for this deviation is the modeling technique and the use of different
software. The final design analysis for the DMA building was done in eQuest with a room by room
model. eQuest uses a different interface than TRACE and is a different modeling program so there is an
expectation of differences in loads. The biggest contribution to this deviation of loads is possibly the use
of block loads instead of a room by room building analysis which was done by the designer.

Heating loads for the model were generally higher than the designer’s loads. This is an interesting
observation for the main AHU’s because the total heating use of the model was lower than the design.
The other areas of the building such as the warehouses and mechanical rooms in the model had much
lower heating values than the design, which lowered the heating energy use.

The total modeled CFM was lower than the design, which made the percentage of the outside air higher.
This lower CFM is directly related to a slightly lower cooling load in the model. Total CFM is usually
calculated from the cooling design and a smaller cooling load would yield a lower supply of air into the
space.
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In general, the modeled building was relatively close to the design. The biggest difference between the
modeled building and the design is the modeling method used. The designed building calculated loads
room by room, while the modeled building used block loads, where multiple rooms with same functions
were combined.

3.3 Annual Energy Consumption

The designed and baseline energy figures were available from the LEED submission for EA Credit 1. Table
11 below shows the total energy consumption per year split up based on different types of loads in the
building. The table shows a comparison between the modeled (block loads), designed building, and
baseline building energy usage on a yearly basis. Data center energy consumption was added in after
the model was created. This value was provided by the engineers based on the energy consumption of
data center racks.

Table 11: Annual Energy Consumption

Annual Energy Consumption
Modeled Designed Baseline
Space Heating 1,937 (MBtu) 3,173 (MBtu) 4,433 (Mbtu)
Space Cooling | 1,044,978 (kwh) | 1,280,000 (kWh) 2,945,750 (kWh)
Lighting 705,581 (kWh) 834,000 (kWh) 932000 (kwh)
Pumps 154,484 (kWh) 366,000 (kWh) 388,000 (kWh)
Fans 834,583 (kWh) 291,000 (kWh) 701,500 (kWh)
Heat Rejection 8,760 (kWh) 7,000 (kWh) 4,000 (kWh)
Receptacle 1,832,882 (kWh) 826,000 (kWh) 826,000 (kWh)
Data Center 9,364,000 (kwh) | 9,364,000 (kwh) 9,364,000 (kwh)
Water Heating 155 (Mbtu) 155 (Mbtu) 155 (Mbtu)

From this analysis, the biggest consumer of energy is the data center, followed by space cooling. Several
large differences can be seen in the modeled versus designed buildings. Space heating is lower by 30% in
the modeled as compared to the designed. Several attempts were made to raise the space heating value
with very little success. 30% difference between the loads was the best scenario.

Space Cooling was lower than the Designed, but much closer to the design value than Space Heating.
Lighting was also a little bit lower as well as the pumps. Fans on the other hand were a much higher
energy consumer than the design as well as receptacles. The reason for high receptacle consumption is
the type of function of this building. One must remember that the building contains rooms such as
television studios, media centers, editing suites, control rooms, and offices. All of the DMA equipment
was modeled as a receptacle load.
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Figure 5 below shows the calculated/modeled percentage of energy use in the DMA building. The data
center is consuming 42% of the building’s total energy.

water 94 of Energy Use

Heating
0%

Space Heating
6%

Space Cooling
12%

Heat Rejection
0%

Figure 5: Energy Usage Breakdown

In addition to an annual consumption, monthly consumption was also computed with Trane TRACE 700.
Table 12 shows the monthly consumption based on Peak, Mid-Peak, and Off-Peak hours for both natural
gas and electricity.

Table 12: Monthly Energy Consumption

Monthly Energy Consumption

Electric Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

On-Peak 173,817 156,484 184,873 178,873 196,423 200,688 204,045 209,045 188,896 188,099 179,185 174,730

Off-
Peak 99,583 89,881 101,132 99,492 107,920 107,511 113,707 111,445 105,909 103,226 98,615 100,377
Mid-
Peak 89,028 80,461 92,354 90,148 99,172 100,406 104,955 104,273 95,811 94,422 89,582 89,603
Data

i 780,333 780,333 780,333 780,333 780,333 780,333 780,333 780,333 780,333 780,333 780,333 780,333

Total 1,142,761 | 1,107,159 | 1,158,692 | 1,148,846 | 1,183,848 | 1,188,938 | 1,203,040 | 1,205,096 | 1,170,949 | 1,166,080 | 1,147,715 | 1,145,043

Gas

On-Peak 383,200 350,100 225,000 140,500 71,100 43,700 34,700 46,000 66,800 151,200 180,100 289,400
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The total consumption of electricity is highest in the summer while natural gas consumption is highest in
the winter. Natural gas is used to heat the building and electricity is used to cool it. Figure 6 shows the
modeled energy consumption by month.

Monthly Energy Consumption

1,500,000

1,000,000

(kWh) or (kBtu)

B Gas M Electric

Figure 6: Monthly Energy Consumption

3.4 LEED NC Discussion

LEED assessment was done for the DMA building using LEED-NC 2.2 by the engineers. LEED-NC 3.0
follows the same procedure except it gives more points for energy efficiency. There are two main
categories for assessing the building’s mechanical systems. They are Energy and Atmosphere, and
Indoor Environmental Quality. The new version has 3 prerequisites for Energy and Atmosphere and 6
categories to earn credits. Indoor Environmental Quality has 2 prerequisites and 5 mechanical systems
categories to earn credits in.

3.4.1 Energy and Atmosphere (EA)

EA Prerequisite One requires the project to have a fundamental commissioning of the building
energy systems. This prerequisite was satisfied. EA Prerequisite Two requires meeting the
minimum energy performance. This was met and exceeded to attain additional points under EA
Credit One. EA Prerequisite Three is refrigerant management where no CFC based refrigerants
can be used in the building. The selected equipment will not use CFC based refrigerants.

PSUAE | 3.0 Data from Previous Technical Reports



[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

EA Credit One is for evaluating energy performance. Based on the designer’s submittal, the
building will save around 15.5% of energy use over the baseline. This earns two credits under
that category.

EA Credit Two requires on-site renewable energy which the DMA building doesn’t have. Points
range from one to seven based on percentage of renewable energy generated on-site.

EA Credit Three is worth two points and requires enhanced commissioning. Only basic
commissioning will be done on this project.

EA Credit Four is enhanced refrigerant management. The total refrigerant impact per ton must
be less than 100. Based on the calculation done for this credit, the total refrigerant impact is
only 51.7. This is worth two points.

EA Credit Five is measurement and verification. Currently the building is just beginning
construction, and if more points were needed, measurement and verification of the energy
consumption can be done for an extra 3 points.

EA Credit Six is buying at least 35% of the buildings electricity from green power for two years.
This option is worth two points. Currently, the DMA building is not planning to buy renewable
energy.

3.4.2 Indoor Environmental Quality (EQ)

EQ Prerequisite One requires ASHRAE 62.1 to be met for indoor air quality. Based on the
calculations done for the earlier version of LEED by the engineer, this prerequisite is met. The
calculated values in Technical Report One were off and required more outside air because of
different assumptions of occupancy were made in the selected spaces.

EQ Prerequisite Two is environmental tobacco smoke control. The DMA building is a non-
smoking building.

The credits associated with the mechanical systems are EQ C1, EQ C2, EQ C6.2, EQ C7.1, and EQ
7.2. The rest of the credits are associated with construction practices, electrical, and day
lighting.

EQ Credit One is outdoor air delivery monitoring. CO, monitoring must be done in every
densely-occupied space. This is worth 1 credit. Not all densely occupied spaces have CO, sensors
and therefore EQ Credit 1 was given.

EQ Credit Two requires increased ventilation. Increasing ventilation will increase energy
consumption of the building. This was not done in the DMA building.
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EQ Credit 6.2 requires individual comfort control for 50% of the building occupants including
multi-occupant spaces. This credit is not achieved because more than two offices in an open
space are served by the same VAV box.

EQ Credit 7.1 deals with design of thermal comfort. Based on the calculations done for EQ 7.1,
Standard 55-2004 is satisfied and one point can be earned for this category.

EQ Credit 7.2 is the verification of thermal comfort. The owner of the building will conduct a
thermal comfort survey one year after occupancy. Through the survey, verification of thermal
comfort can be achieved for an additional point.

4.0 Mechanical System Evaluation

Overall, the mechanical system of the DMA building is well planned out and implemented. Very efficient
equipment is used to keep the energy usage of the building to a minimum. VAV systems combined with
high efficiency chillers and boilers are very effective if implemented correctly. VAV systems have been
used in many office buildings and it is the most typical mechanical system used today.

The design of the building envelope for the DMA building was one of the first considerations made for
building efficiency. The envelope plays one of the biggest roles on mechanical system’s performance.
The envelope for the DMA building was designed to exceed the ASHRAE Standard 90.1. This can be seen
in Technical Report 1 which discussed the building envelope of the DMA building.

The estimated construction cost for the mechanical system about 18% of the total cost. This is a typical
cost of mechanical systems in the office buildings. VAV systems are conventional and are not too
complicated to install and operate. The biggest cost and added value for this VAV system are the high
efficiency chillers and boilers controlled by a DDC system.

Operating cost of the building is quite high because of the type of loads in the building. The calculated
operating cost is $5.03/ft” a year, 67% of this cost is contributed by the data center. Cost of maintenance
for this system should be relatively low. The system consists of only boilers, chillers, pumps AHU’s and
VAV boxes. It is a conventional system installed in many of today’s buildings. Typical building engineers
will know how to work on this type of system because there is no special maintenance or required.

Implementing a simple design, with a DDC control system and high efficiency boilers and chillers, was a
good solution for this building. However, there are few improvements that could be made to minimize
operational cost and further reduce energy consumption. Looking into more sophisticated designs and
doing an in-depth analysis of new energy efficient systems can provide a more environmentally-friendly
building with fewer emissions.
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5.0 Proposed Alternative Systems

The current mechanical system is sufficient to meet LEED certification and save energy over the ASHRAE
Standard 90.1. However, there are several alternatives that can further reduce energy consumption and
reduce the costs of operation. The objective for alternative solutions is to increase efficiency as well as
reducing operating cost and carbon footprint. These alternatives can be easily implemented into the
design and their potential for the DMA building will be discussed below. The following alternatives will
be included in this report: Combined Heat and Power, Thermal Storage, and System Optimization.

5.1 Combined Heat and Power

DMA has a high electrical demand as well as a high cooling load year round. The current utilities
available to the DMA building include a natural gas line and two electrical feeds from Baltimore Gas &
Electric. An onsite emergency generator is also implemented in the original design. The DMA building
may be a good candidate for CHP, because the building will operate around the clock with a fairly
constant electrical load.

Combined Heat and Power uses several types of prime movers to provide onsite generation of
electricity. It also uses waste heat recovery for heating and cooling the building. Two prime movers will
be discussed for CHP in the DMA building. The two prime movers that will be evaluated are:
reciprocating internal combustion engines and natural gas turbines. An advantage of internal
combustion engine is the higher efficiency at making electricity. An advantage of a turbine is the higher
output of thermal energy for use in heating or cooling. The building will be evaluated for the optimum
prime mover in terms of initial cost, payback, and efficiency.

The biggest advantage of CHP is the utilization of fuel, and the impact it has on carbon footprint of the
building. Fuel utilization is much higher with a CHP system than a typical setup where the building uses
grid power. CHP has this advantage because it utilizes waste heat, which is a byproduct of electrical
generation, and uses it to run a process such as an absorption chiller. A typical power plant doesn’t
utilize waste heat, which is simply rejected to the environment, and just concentrates on producing
electricity.

Several factors have to be considered while implementing CHP into the design. One of the biggest
factors that would have to be considered when evaluating CHP is the Spark Gap. Spark Gap is the
difference in cost between electricity and natural gas. The larger the difference, the more feasible it is to
implement CHP into the design. Another factor that would have to be considered is the base load and
peak loads. It would be much easier to use CHP in a building when the load profiles are relatively flat,
since that would allow the fuel-fired generator to operate at its most efficient load condition.
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5.2 Thermal Energy Storage

Thermal storage can be a great asset in reducing equipment size as well as reducing peak loads. It allows
the building to level its load profile. Areas where on-peak electricity charges are much larger than off-
peak can greatly benefit from cost savings. Running equipment during off-peak at full load and then
using the stored energy during the on-peak hours is the basis of thermal storage. There are also energy
savings because there are very little part load inefficiencies due to chillers running at full load to store
chilled water or ice. Operating equipment at a fairly constant load and during the night when conditions
are moderate, allows for better COP of equipment.

Adding thermal storage to the DMA building would reduce the on-peak cooling hours and as a counter
effect, lower the operating cost by reducing the on-peak electricity use. It will also reduce the peak loads
during the day and level the load profiles. CHP can greatly benefit from thermal storage because of load
leveling.

Two types of available thermal storage are: ice storage and chilled water storage. Both of these options
will be evaluated for the DMA building as both of these systems have advantages and disadvantages.

Several requirements would have to be evaluated for thermal storage such as space requirements for
chilled water storage as well as ice storage, and the efficiency of producing ice vs. chilled water.
Efficiency of storing chilled water and ice would also have to be considered when sizing and estimating
total operation costs and benefits.

There are also several options for operating thermal storage. Full storage has the highest initial cost
because the entire on-peak cooling load is shifted to off-peak hours. Using this option requires large
tanks and large equipment. This option would work well in areas where the rates are a big driving force.
Partial storage is shifting the peak load to off-peak hours and operating at base capacity at all times. This
special case is called load leveling, and will have the best results when coupled with CHP. This option will
be evaluated for the DMA building.

5.3 System Optimization

There are several ways that system optimization can benefit the DMA building. Modifications to the
current system can further reduce the energy use of the building as well as operational costs. Several
options can be looked at such as Dedicated Outdoor Air Systems (DOAS) and dedicating a chiller to the
data center to reduce energy consumption.
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5.3.1 DOAS

Dedicated Outdoor Air Systems use 100% outside air to ventilate the space. In a DOAS system,
latent and sensible loads must be decoupled and treated separately. Several advantages are
associated with using DOAS. Because only ventilation air is delivered to the spaces, your duct
sizes are reduced dramatically over a conventional VAV system. The rest of the load is met with
a parallel system such as fan-coil units, radiant panels (chilled ceiling), chilled beams, etc. The
latent load must be met at the AHU while the sensible load can be picked up in the space.

A typical DOAS system consists of an enthalpy wheel, AHU’s, and parallel terminal units. Total
heat recovery is also a must in DOAS because 100% of the supplied air is outside air. In a typical
VAV system, mixing is done between the outside air and the return air to precondition the air
before the coils. In a DOAS system, there is no mixing and therefore preconditioning the air with
a total energy recovery unit is required by ASHRAE 90.1. The energy from inside of the building
is exchanged in this process with the fresh outside air based on the effectiveness of the heat
recovery unit.

Incorporating this type of system into the DMA building may have significant energy savings
according to an article in ASHRAE Transactions. > AHU fan energy is reduced, the cooling coil
load is reduced, and the chiller energy consumption is reduced as well. There are a few areas
where the DOAS system consumes more energy such as pumping. These will have to be taken
into account when calculating the total energy usage of the system and then compared to the
VAV system that is currently installed in the DMA building.

5.3.2 Dedicated Chiller for the Data Center

The data center in the DMA building uses a considerable amount of electricity to run. The
connected load of the data center for the first five to ten years will be 1089 kW. This load is
connected 24 hours a day, seven days a week. Reducing this large load will result in considerable
savings.

The current data center uses state of the art APC liquid cooled cooling racks. These cooling racks
are much more efficient than conventional CRAC units. However, because the data center uses a
big part of the building’s energy, possible reduction of the cooling load for the data center in the
system optimization analysis will be considered.

? Jeong et al. "Energy Conservation Benefits of a Dedicated Outdoor Air System with Parallel Sensible
Cooling by Ceiling Radiant Panels." ASHRAE Transactions. 109. KC-03-7-1 (2003): 627-636. Print.
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6.0 Combined Heat and Power

Combined Heat and Power provides heating cooling and electricity to the end user. CHP has great
potential when implemented at the right conditions. In order for a CHP system to be feasible in a
building, several variables have to be present at the correct values and levels. These variables include:
price of the fuel, price of electricity, load profiles, and the thermal to electrical ratios.

In an ideal situation for implementing a CHP system, the price of electricity would be higher when
compared to natural gas or any other fuel used for cogeneration. The loads have to be fairly constant
and the building must have a compatible heat to power ratio. The DMA building will operate 24 hours a
day, seven days a week. The building also has a data center which runs at fairly constant loads. When
combining these two conditions, the DMA building makes a good candidate for CHP.

The heat to power ratio for the building ranges from 1.2 to 0.85 which also gives the DMA building an
advantage when considering a CHP system. Since the heat to power ratio falls below one, the building
uses more electricity when compared to thermal energy. A lower heat to power ratio means that higher
electrical efficiency prime movers should be used when designing a CHP system.

6.1 Preliminary Analysis

The first step in the CHP analysis was calculating the Spark Gap. A Spark Gap is the difference in the cost
of electricity and natural gas. Spark Gap was calculated based on Baltimore Gas and Electric rates. The
difference between 1,000,000 BTU/hr of electricity and 1,000,000 BTU/hr of natural gas was about
$18.99. This is a good Spark Gap which allows for further investigation of the CHP system.

The second step to running a CHP analysis was to build an energy model to obtain base and peak loads.
The energy model was built in Trane TRACE 700. TRACE provided an 8760 hour load analysis for each
component of the building. The loads included in the TRACE output are as follows: lighting loads,
miscellaneous loads, chiller loads, boiler loads, ventilation loads, pump, fans, data center loads, etc.

The third step in the CHP analysis was to compile the information into a useful format. All of the
electrical loads were separated from thermal loads and added for a total electrical load of the building.
The peak electrical load for the DMA building is just below 2.2 MW. The base load for the DMA building
is about 1.8 MW as seen from Figure 7. Figure 7 represents the total building electrical load excluding
chiller loads. This was done to see what the total electrical load of the building is, without taking thermal
loads into account. This analysis helped with the selection of the prime mover size. Thermal loads were
also combined to perform a heat to power ratio analysis for the building. A heat to power ratio is an
important step in selecting prime movers as mentioned earlier.
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Figure 7: 8760 Hour Electric Load of the DMA Building

Figure 8 shows the total electrical demand on the design day not including thermal loads.
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Figure 8: Peak Day Electrical Load
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The current mechanical system implements an emergency generator that would kick in if both of the
utility lines go down. The generator was sized at 2MW to take care of critical loads in case of a power
outage. The cost of the generator can be subtracted from the CHP system because the CHP system will
now be the primary source of power and the grid will be used as a backup.

6.2 Prime Movers

There are several options to choose from when considering a prime mover for a CHP system. Internal
combustion engines, gas turbines, and fuel cells can be used in a CHP application. The prime movers
chosen to perform the analysis were an internal combustion engine and a gas turbine. Fuel cells are still
under development and have high initial costs when compared to internal combustion engines and gas
turbines. Saturn 20 a ‘Solar’ turbine, and a Jenbacher ‘GE’ internal combustion engine were used in the
analysis.

6.2.1 Internal Combustion (IC) Engine

An internal combustion engine can be compared to a much larger version of your automobile
engine. Several manufacturers produce stationary power stations that can be used for a CHP
system. A Jenbacher engine was chosen because of its high electrical efficiency and low
emissions required by law. The Jenbacher engine will run off natural gas provided to the building
by Baltimore Gas & Electric.

Internal combustion engines can produce electricity at high efficiencies and can efficiently
follow the electrical loads of the building. IC engines are much less sensitive to partial loads of
the building. These generators are very efficient at part loads as can be seen from Figure 9.
Figure 9 shows a generic IC engine. The engine used for CHP analysis has the same
characteristics, but the efficiency is improved due to state of the art technology used in the CHP
generator.
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Figure 9: Natural Gas Internal Combustion Engine Load Characteristic

Internal combustion engines have a much higher electrical efficiency than gas turbines. The
downside to having a higher electrical efficiency is the lower grade thermal energy output. A
lower grade output can be collected through heat exchangers and used in different applications.
In a CHP application, heat can be collected and recovered from several parts of the engine. The
primary source of thermal energy will come from the water jacket followed by the combustion
exhaust. Heat can also be recovered from oil coolers. The recovered heat can be used for water
heating or it can be used in a single stage absorption machine to create chilled water.

3 "Combined Heat and Power Partnership." U.S. Environmental Protection Agency. 21 07 2009. U.S.
Environmental Protection Agency, Web. 12 Dec 2009. < www.epa.gov/chp/basic/index.html>.
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6.2.2 Gas Turbine

The second prime mover that will be discussed is a gas turbine. Gas turbines are similar to

aircraft engines. Instead of pistons, turbines use blades to compress the air and then combust it
to create mechanical energy.

The biggest advantage of gas turbines is the high grade thermal energy they produce. This high
grade thermal energy of the exhaust can be easily converted to steam and used to run a steam
turbine to produce more electricity. High pressure steam can also be used in a dual stage
absorption cycle or a steam driven chiller.

A disadvantage of a gas turbine is the lower electrical efficiency. Higher electrical efficiencies can
be achieved with larger turbines. Another disadvantage of a gas turbine is the part load
efficiency. The part load efficiency of a generic gas turbine can be seen in Figure 10. The part
load efficiency is much less for a turbine than it is for an internal combustion engine. When

implementing a turbine, one has to make sure to run the turbine close to a full load in order to
achieve good electrical efficiencies.

Part Load Performance

Efficiency (%)

0 20 40 60 BD 100
Percent Load (%)

Source: EEATICE 4

Figure 10: Natural Gas Turbine Load Characteristic

*"Combined Heat and Power Partnership." U.S. Environmental Protection Agency. 21 07 2009. U.S.
Environmental Protection Agency, Web. 12 Dec 2009. < www.epa.gov/chp/basic/index.html>.
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6.3 Redundancy

Redundancy is a very important factor when designing a CHP system. The DMA building has a lot of
critical loads such as the data center, media centers, and editing suites. The original design of the
building has three sets of 750 KVA 20 minute Uninterruptible Power Source (UPS) systems built in as
well as a 2000 kW 480/277V generator. The building is also connected to two 13.2 kV utility sources for
redundancy. If one of the utility feeds goes down, the system will switch over to the second feed. If the
second feed is compromised, a generator will kick on while the UPS system will protect super critical
loads such as the data center.

Installing a CHP system will basically replace the emergency generator with a larger system that will be
able to produce enough electrical power to run the building. The CHP system will run constantly, 24
hours a day, seven days a week which makes these engines more reliable than the emergency
generators that only kick on in emergencies. The whole building will be connected to the CHP system
instead of just the emergency loads. This will create more redundancy than the original design.

In addition to increased reliability with the CHP system, the two separate grid services will serve as a
backup in case of failure or maintenance. A UPS system will be used to protect the data center as well as
other critical loads in case there is an interruption of power.

6.4 Energy Cost Comparison
Several different options were analyzed for two different prime movers. The different options analyzed

are listed in Table 13 for IC engines and Table 14 for gas turbines. Six different options were analyzed
for IC engines, and three options were analyzed for gas turbines.
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Table 13: CHP Options for IC Engines

CHP Options for IC Engines

System Description

2390 kW Jenbacher IC Engine running at full load. Excess Electricity sold to the grid

800 ton Single Stage Absorption Chiller used to cover all cooling loads of the building

A A boiler is used to make up needed thermal energy for the Absorption Chiller

(2) 500 ton Electrical chillers used as a backup

6000 MBH Backup boiler is used for redundancy

2390kW Jenbacher IC Engine running at full load. Excess Electricity sold to the grid
(3) 500 ton Electrical Chillers used to cool the building

Thermal energy is wasted

Backup boiler is used for redundancy

2390 kW Jenbacher IC Engine running at full load. Excess Electricity sold to the grid

700 ton Single Stage Absorption chiller used to meet cooling loads

c 300 ton Electric Chiller used to meet loads not met with an Absorption Chiller

500 Ton Electric Chiller used as a backup
6000 MBH Backup boiler is used for redundancy
2390kW Jenbacher IC Engine running to meet electrical load

800 ton Single Stage Absorption Chiller used to cover all cooling loads of the building

D A boiler is used to make up needed thermal energy for the Absorption Chiller

(2) 500 ton Electrical chillers used as a backup
6000 MBH Backup boiler is used for redundancy
2390kW Jenbacher IC Engine running to meet electrical load as well as peak electric

chiller load

650 ton Single Stage Absorption Chiller used to meet cooling loads

300 Ton Electric Chiller meets loads not met by Absorption

500 Ton Electric Chiller used as a backup
6000 MBH Backup boiler is used for redundancy
1801kW Jenbacher IC Engine running to meet base electrical load

Buy electricity from the grid to meet loads not met by CHP

800 ton Single Stage Absorption Chiller used to cover loads of the building

A 7000 MBH boiler is used to make up needed energy for the Absorption Chiller
6000 MBH Backup boiler is used for redundancy
(2) 500 ton Electric Chillers used as a backup
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Table 14: CHP Options for Turbines

CHP Options for Turbines
System Description
1200 kW Saturn 20 Turbine used to meet base load
Buy electricity from the grid to meet loads not met by CHP

800 ton Double Stage Absorption Chiller used to cover all cooling loads of the
building

(2) 500 ton Electrical chillers used as a backup

Backup boiler is used for redundancy
1200 kW Saturn 20 Turbine
Back Pressure Steam Turbine runs off high pressure steam created by the turbine

800 ton Single Stage Absorption Chiller used to cover all cooling loads of the
building

A boiler is used to make up needed thermal energy for the Absorption Chiller

(2) 500 ton Electrical chillers used as a backup
1200 kW Saturn 20 Turbine

Back Pressure Steam Turbine runs off high pressure steam created by the turbine

| 400 ton Single Stage Absorption Chiller used to cover loads of the building

500 ton Electric Chiller used to meet loads not met with an Absorption Chiller

500 Ton Electric Chiller used as a backup

Table 15 includes the yearly savings by system. In order to calculate the base building, costs were
broken down by electricity and by natural gas used. On-peak, mid-peak, and off-peak kWh were
calculated and added for the whole year using Baltimore Gas & Electric rates. Peak demand was
calculated on a monthly basis and added to the total electrical cost. Boiler costs were also calculated for
the base building. All the energy costs were added to give baseline energy consumption for the DMA
building.

To calculate the savings for each system type, the same steps were taken. For CHP systems, natural gas
was used as the primary fuel to make electricity. Where applicable, electricity was bought or sold to the
utility company. A conservative assumption of $0.03/kWh was made for buy back rates from the utility
company. Savings in Table 15 only include savings obtained from the difference in energy costs.
Operation and maintenance of these CHP systems is included in the payback analysis. Operation and
maintenance for IC engines is about $0.005/kWh and about $0.015/kWh for gas turbines.’

> "Combined Heat and Power Partnership." U.S. Environmental Protection Agency. 21 07 2009. U.S.
Environmental Protection Agency, Web. 12 Dec 2009. < www.epa.gov/chp/basic/index.html>.
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Table 15: Yearly Cost Savings by CHP System

Yearly Energy Cost Savings
System Savings
A S 267,782.66
B S 237,719.65
C S 294,635.25
D $ 295,660.92
E S 368,273.40
F S 188,960.22
G $(218,630.62)
H $ 62,514.05
| S 147,354.61

When the energy cost analysis was completed, the largest savings came from CHP system E followed by
system D. Systems E and D were both internal combustion engines. System G showed a negative
savings. The cost of energy consumed by the DMA building went up by around $218,630 for system G.
The reason for this cost increase is the nature of the gas turbines. Turbines are much more efficient in
producing thermal energy than electrical power. The turbine chosen for system G was a 1.2 MW turbine
that was only 24.4% efficient at producing electricity. An advantage of a gas turbine is the high grade
thermal energy produced. This energy can be used to make high pressure steam that can be used in
many processes. The DMA building doesn’t have a high demand for this thermal energy and therefore
the 1.2 MW turbine was producing too much thermal energy and not enough electrical energy. The next
size up for gas turbines was a 3 MW turbine which is too big for the building. Because the heat to power
ratio for the building drops as low as 0.85, choosing a prime mover that makes more thermal energy
than electrical will be cause an inefficient design.

System H and | use a backpressure steam turbine in combination with a gas turbine. The backpressure
steam turbine runs off thermal energy produced by the gas turbine. Adding a backpressure steam
turbine to a building that has a higher electrical demand than thermal will produce better results as seen
in Table 15. The team turbine uses the high pressure steam to produce electricity and sends the lower
pressure to run other processes. Steam turbines range in efficiency from 15% to 35%. The steam turbine
chosen for analysis has 25% electrical generation efficiency.

From this analysis, the gas turbines were eliminated from further evaluation because in their lower
savings and higher installation cost. Gas turbines have a higher initial cost, and the cost of an additional
backpressure steam turbine increases the initial investment well above the cost of internal combustion
engines. Gas turbines are also more expensive to operate and maintain as mentioned earlier.
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Jenbacher IC gas engines used for analysis have 42.9% electrical efficiency for the 1801 kW model and
42.6% electrical efficiency for the 2390 kW model. The thermal efficiencies for these engines are much
lower than the gas turbines. The 1801 kW Jenbacher model has a thermal efficiency of 43.2%, and the
2390 kW model has a thermal efficiency of 43.4%.

Internal combustion engines are a better choice for the DMA building because of their higher electrical
efficiency. The best option produced a very favorable outcome. System E has yearly savings around
$368,273. System E used a 2390 kW Jenbacher IC engine running to meet electrical loads as well as
electric chiller loads when needed. The waste heat was used to run a 650 ton absorption chiller which
met most of the loads. A supplemental 300 ton electric chiller was used to meet the rest of the loads not
met directly by absorption.

System D followed in second place with a $295,660 yearly savings. This system used the same Jenbacher
engine but instead of implementing an electric chiller to meet loads not met by the thermal output, a
boiler was used to provide additional thermal energy to a larger absorption chiller.

6.5 Initial Investment

System costs were obtained from RSMeans 2009 Costworks, as well as www.epa.gov. Each system was
broken down by individual components which were priced out for material costs as well as installation
costs. Table 16 shows system cost by system type.

Table 16: Initial Investment by System

Initial Investment by System
System Cost
A S 2,754,407.05
B $ 2,483,717.55
(o $ 2,478,387.55
D $ 2,800,156.55
E S 2,439,842.55
F $ 2,381,676.53

The redundancy for each one of the options was considered and maintained or exceeded. The costs of
the original equipment selected for the project were subtracted from the total for options where they
weren’t used, and additional costs such as absorption chillers, IC engines, and backup boilers were
added to the initial investment. The acoustical treatment of the space was also included in the original
cost of the systems. Acoustical analysis is discussed later in the report. An additional $28,085 was added
for a double CMU wall to keep noise levels down produced by the Jenbacher IC engine.
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6.6 Payback Period

A simple payback period for the different Jenbacher engines was performed to determine the feasibility
of implementing these engines in a CHP system. The operation and maintenance (O&M) costs for an IC
engine is about $0.005 per produced kWh.® This O&M cost was computed per each system and used in
the payback period. An O&M cost for these options ranged from around $79,000 to around $105,000.

The second assumption made for this payback analysis was a conservative assumption. The assumption
made stated no increase in electrical rates over the payback period calculated. This scenario will
produce conservative results. Table 17 shows the payback periods of the different IC options presented
earlier.

Table 17: CHP Payback Period

Payback Period
System Years

A 17.7
B 18.7
C 134
D 13.8
E 8.8

F 18.5

System E shows the best payback period followed by system C. System E has a payback period of about
8.8 years. This is a good payback period because it was based on an assumption that electrical costs will
not increase. The current electrical rates for the DMA building are very low and will only go up as the
demand for energy increases. System C shows a payback of 13.4 years which is also a decent payback
period for a CHP plant.

6.7 Sensitivity Analysis

A sensitivity analysis was done on systems A through F to see how an increasing cost of electricity would
affect the payback period. The sensitivity analysis performed increased electrical rates at increments of
10%. This analysis assumes an average increase of a certain percentage over the payback period.

® "Combined Heat and Power Partnership." U.S. Environmental Protection Agency. 21 07 2009. U.S.
Environmental Protection Agency, Web. 12 Dec 2009. < www.epa.gov/chp/basic/index.html>.
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Table 18 shows the sensitivity analysis done on System A.

Table 18: Sensitivity Analysis on System A

Electricity Sensitivity Analysis on System A
. Payback Period
Percent Increase Yearly Savings

(years)
0 $ 163,100.66 17.7
10 S 323,512.27 8.9
20 $ 508,237.33 5.7
30 S 680,805.66 4.2
40 $ 853,374.00 34
50 $ 1,025,942.33 2.8
60 $ 1,198,510.66 2.4
70 $ 1,371,078.99 2.1
80 $ 1,543,647.33 1.9
90 $ 1,716,215.66 1.7
100 $ 1,888,783.99 1.5

Table 19 shows the sensitivity analysis done on System B.

Table 19: Sensitivity Analysis on System B

Electricity Sensitivity Analysis on System B
. Payback Period
Percent Increase Yearly Savings

(years)
0 S 133,037.65 18.7
10 S 292,774.98 8.5
20 S 477,099.29 5.2
30 S 649,130.11 3.8
40 S 821,160.93 3.0
50 $ 993,191.75 2.5
60 $ 1,165,222.57 2.1
70 $ 1,337,253.39 1.9
80 $ 1,509,284.21 1.6
90 $ 1,681,315.02 1.5
100 S 1,853,345.84 1.3
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Table 20 shows the sensitivity analysis done on System C.

Table 20: Sensitivity Analysis on System C

Electricity Sensitivity Analysis on System C
. Payback Period
Percent Increase Yearly Savings

(years)
0 $ 189,953.25 13.4
10 S 350,364.85 7.3
20 $ 535,089.91 4.8
30 S 707,658.25 3.6
40 S 880,226.58 2.9
50 $ 1,052,794.91 2.4
60 $ 1,225,363.25 2.1
70 $ 1,397,931.58 1.8
80 $ 1,570,499.91 1.6
90 $ 1,743,068.24 1.5
100 $ 1,915,636.58 1.3

Table 21shows the sensitivity analysis done on System D.

Table 21: Sensitivity Analysis on System D

Electricity Sensitivity Analysis on System D
Payback Period
Percent Increase Yearly Savings (years)
0 S 212,291.63 13.8
10 S 372,703.23 8.4
20 $ 557,428.29 5.5
30 S 729,996.62 4.1
40 $ 902,564.96 3.3
50 $ 1,075,133.29 2.8
60 S 1,247,701.62 2.4
70 $ 1,420,269.95 2.1
80 $ 1,592,838.29 1.9
90 $ 1,765,406.62 1.7
100 $ 1,937,974.95 1.5
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Table 22 shows the sensitivity analysis done on System E.

Table 22: Sensitivity Analysis on System E

Electricity Sensitivity Analysis on System E
. Payback Period
Percent Increase Yearly Savings
(years)
0 S 284,904.11 8.8
10 S 445,315.71 5.9
20 S 630,040.77 4.1
30 S 802,609.10 3.2
40 S 975,177.44 2.6
50 S 1,147,745.77 2.2
60 $ 1,320,314.10 1.9
70 S 1,492,882.44 1.7
80 S 1,665,450.77 1.5
90 $ 1,838,019.10 1.4
100 $ 2,010,587.43 1.2

Table 23 shows the sensitivity analysis done on System F.

Table 23: Sensitivity Analysis on System F

Electricity Sensitivity Analysis on System F
. Payback Period
Percent Increase Yearly Savings

(years)
0 S 110,076.42 18.5
10 S 272,548.06 7.5
20 S 435,019.69 4.7
30 $ 580,290.72 3.5
40 S 742,762.35 2.7
50 $ 905,233.98 2.3
60 $ 1,067,705.61 1.9
70 S 1,230,177.24 1.7
80 $ 1,392,648.87 1.5
90 $ 1,555,120.50 1.3
100 $ 1,717,592.13 1.2
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The sensitivity analysis performed accounted for operation and maintenance costs that affect the yearly
savings and payback periods. When looking at the sensitivity analysis, every system shows a similar
pattern of decreasing payback periods. The payback period decreases exponentially with a large drop off
at the first 10% increase in electrical costs. This is a good trend because maximum drop in payback
period is achieved with a slight increase in energy costs. Energy costs are always increasing, and in this
economy, the cost of electricity has been constantly rising.

The most promising systems, with the shortest paybacks, in this analysis were System C, E, and F.
System E had the smallest initial payback, and performed even better with an increase of electrical
prices. System C was the second best performer followed by system F. System F had the biggest drop in
payback period with a 10 % increase in electrical costs and then leveled out.

The two best options were further analyzed for their sensitivity to variation in natural gas costs. Systems
C and E were further analyzed for increases in cost of natural gas. Table 24 shows a sensitivity analysis
done to see what the payback period would be if both natural gas and electricity were increasing at the
same rate for System C.

Table 24: CH, and Electric Sensitivity Analysis on System C

Natural Gas & Electricity Sensitivity Analysis on System C
. Payback Period
Percent Increase Yearly Savings
(years)

0 S 189,953.25 13.4

10 $ 159,338.54 16.0

20 $ 172,162.66 14.8

30 S 184,986.79 13.8

40 $ 197,810.91 12.9

50 $ 210,635.03 12.1

60 $ 208,979.54 12.2

70 $ 215,598.11 11.8

80 S 222,216.69 11.5

90 S 228,835.26 11.1

100 $ 235,453.84 10.8

Table 25 shows a sensitivity analysis done to see what the payback period would be if both natural gas
and electricity were increased at the same rate for System E.
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Table 25: CH, and Electric Sensitivity Analysis on System E

Natural Gas & Electricity Sensitivity Analysis on System E
. Payback Period
Percent Increase Yearly Savings
(years)
0 S 284,904.11 8.7
10 S 126,012.09 19.7
20 S (23,416.04) -

As seen from Table 25, an increase from 10% to 20% would make the CHP system E not feasible. If costs

are increased at the same rate, System E can run at System C’s operation settings to keep this option

feasible. Another sensitivity analysis was performed on system E, assuming a 10% increase in electricity

and a 4% increase in natural gas. Table 26 shows the associated yearly savings and payback periods.

Table 26: 4% CH, and 10% Electric Sensitivity Analysis on System E

Natural Gas & Electricity Sensitivity Analysis on System E
. Payback Period
Percent Increase Yearly Savings
(years)

0,0 S 284,904.11 8.8
10,4 $ 305,732.94 8.2
20,8 $ 359,610.45 7.0
30,12 $ 408,995.63 6.1
40,16 S 453,888.47 5.5
50,20 S 494,288.96 5.1
60,24 $ 545,920.31 4.6
70,28 $ 593,059.31 4.2
80,32 S 640,198.32 3.9
90,36 S 687,337.33 3.6
100,40 S 734,476.33 3.4

This analysis concludes that CHP would be a feasible option in the DMA building. If the electric rates

keep rising in price, while natural gas rates remain constant, the CHP system will pay itself back at a

much faster rate. If natural gas prices increase, then CHP systems can be optimized to produce

maximum savings.
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6.8 CO2. Savings by System

Table 27 summarizes CO,. savings by each system. To account for bought electricity for some of these
systems, the grid emissions were added based on the amount of kWh bought from the grid. The biggest
CO,e savings are seen with system E, which is also the most cost effective system. As Table 27 shows, all
of the systems save a great deal of CO,. emissions due to a better utilization of primary fuel.

Table 27: CO,. Emissions

CO2e Savings when compared to Grid

A B c D E F
kWh 20,936,400.00 20,982,933.93 20,936,400.00 16,673,858.17 17,305,591.92 15,776,760.00
IC Engine BTU 74,893,389,355.47 | 71,635,736,437.02 | 71,476,869,600.00 | 70,082,301,286.29 | 59,081,290,819.32 | 53,861,858,640.00
CO2e (Ib) 10,260,394.34 9,814,095.89 9,792,331.14 9,601,275.28 8,094,136.84 9,011,793.30
: kWh 18,602,443 18,602,443 18,602,443 18,602,443 18,602,443 18,602,443
o CO2e (Ib) 33,856,445.42 33,856,445.42 33,856,445.42 33,856,445.42 33,856,445.42 33,856,445.42
Savings (Ib) 23,596,051.08 24,042,349.53 24,064,114.29 24,255,170.15 25,762,308.58 24,844,652.12

6.9 Conclusions

Based on the completed analysis, CHP is a feasible option for the DMA building. Combined Heat and
Power showed great potential in the DMA building because of fairly constant loads profiles. Two
different prime movers were analyzed for the implementation if a CHP system. Gas turbines were
eliminated from the analysis early on due to fractional savings when compared to internal combustion
engines. System E included a Jenbacher 616 engine following the electric load. This system used a 650
ton absorption chiller and was supplemented with a 300 ton electric chiller. This system showed the
best savings as well as the fastest payback. Annual savings from System E were around $368,273 and a
simple payback period for this system was calculated to be around 8.8 years. A sensitivity analysis was
also performed on the IC engines to see how the cost of electricity would impact the payback period. At
only 10% average increase in electricity cost, the payback period for system E dropped to 5.9 years.

6.10 CHP Recommendations

From the completed analysis, the CHP system E would be recommended to the owner due to a quick
payback period and large cost savings. Installing System E, which included a Jenbacher 616 engine
following the electric load, showed the best cost savings and system payback. Annual energy cost
savings from System E were around $368,273 and a simple payback period for this system was
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calculated to be around 8.8 years. When including O&M costs, yearly savings were around $284,904,
which is a considerable amount of money.

7.0 Thermal Storage

Thermal storage shifts on-peak electrical demand for cooling systems to off-peak. This is done by storing
either ice or chilled water during the night and then using it during the day to minimize on-peak use of
electricity. There are several approaches to thermal storage but only one will be covered in this analysis.

The approach that will be covered in this analysis will be partial storage. Partial storage is shifting the
peak load to off-peak hours and operating at base capacity at all times. This case is also known as load
leveling, and has the smallest initial investment when compared to a full storage system.

7.1 Preliminary Analysis

The first step to running a thermal storage analysis was to build an energy model to get base and peak
loads. The energy model was built in Trane TRACE 700. TRACE provided an 8760 hour load analysis for
each component of the building. The loads included in the TRACE output are as follows: lighting loads,
miscellaneous loads, chiller loads, boiler loads, ventilation loads, pump, fans, data center loads, etc. The
electricity consumption for the chillers was split up into on-peak, mid-peak, and off-peak loads.

The second step in the analysis was to do a peak shaving analysis, which is the most cost efficient way of
utilizing thermal storage. A peak cooling day was taken from the 8760 hour output from TRACE, and
thermal loads were plotted to see base and peak loads of the building.

The design day load profile can be seen from Figure 11 and Figure 12. Figure 11 shows the total thermal
design day load required by the DMA building in tons, while Figure 12 shows it in kW. From this analysis
the thermal storage was sized for load leveling. Some of the costs were shifted from on-peak to off-
peak. Demand charges were also recalculated due to leveling of loads.
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Figure 11: Thermal Loads on Peak Day [tons]

Thermal Load in kW
450
400
350
3 /
300
250 e = \"“‘M
200
1 6 11 16 21
Hours

Figure 12: Thermal Loads on Peak Day [kW]
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7.2 Chilled Water Storage vs. Ice Storage

The biggest difference between ice storage and chilled water storage is the difference of efficiency
between making ice and chilled water. Ice storage requires less space but is less efficient compared to
chilled water storage. Ice storage involves a much lower evaporator temperature. Efficiencies of a chiller
were obtained from a manufacturer, which reflected about a 30% increase in kW per ton when running
at suitable temperatures to make ice. There is also a second disadvantage in ice storage which is the
capacity of the chiller. A 500 ton chiller is de-rated to about 375 tons for ice making. Chilled water
storage has some disadvantages as well. A disadvantage for chilled water storage is the required space.

Chilled water storage has a clear advantage over ice storage because of the inefficiency of the chillers in
making ice instead of chilled water. When consulting with CALMAC, an ice storage manufacturer, ice
storage was not recommended for the DMA building since there would be very minimal if any cost
savings because the building is operated 24 hours a day, 7 days a week. The current electricity rates in
the Baltimore area do not allow for big savings either. The demand charges for a primary service is only
$3.61 per kW, and the price difference between on-peak electricity and off-peak is only three cents.

Despite the negative feedback, an energy model was created for ice storage and compared to the base
building. As it turns out, yearly savings from ice storage ranged from negative savings to only $1000
dollars a year. The reason for these results is the inefficiency of making ice as well as the low electricity
costs in the area. Ice storage was dropped from any further evaluation.

Chilled water storage was modeled in TRACE 700 as well. Savings from TRACE showed a little more
promise for chilled water storage when compared to ice storage. An hourly analysis was exported into
excel for further analysis.

7.3 Redundancy

Redundancy is an important factor when considering the implementation of thermal storage. A
redundancy study has been done on the DMA building to see if a chiller could be removed and replaced
with thermal storage in order to minimize initial costs.

N+1 redundancy is required for the DMA building. Currently 2 chillers would meet the peak load. One
chiller is redundant. When implementing thermal storage, this redundancy must remain. If storage fails,
N chillers are needed to meet the load. In the case of the DMA building N chillers would be 2 Chillers. If a
chiller fails, N-1 chillers must be able to level the design load.” In order to ensure that this is still the

7 Bahnfleth, William. "Lecture 24 Central Cooling." Penn State Architectural Engineering. April (2009): 49-

53.
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case, the two chillers and their cooling towers need to be upsized by around 100 tons to make sure that
the remaining chiller and thermal storage could take care of the design day loads.

If two chillers are upsized, the third chiller and its associated cooling tower can be used for investment
into thermal storage. Upgrading two chillers and two cooling towers will add approximately $100,000 in
order to keep the desired redundancy. The cost of one complete chiller and one cooling tower could be
used towards the upgrade costs as well as reducing initial investment for the chilled water system.

7.4 Energy Cost Analysis

When implementing thermal storage, a peak shaving strategy was used. Figure 13 shows peak shaving
on design day. During peak shaving, the selected chiller runs flat out at a selected setting. This can be
seen as the green section of Figure 13. The actual loads during the night are lower than the day, which is
when thermal storage comes into effect. During the night which is on an off-peak schedule, the chiller
meets the smaller loads and charges the thermal storage. During the day, when the utility charges on-
peak rates, the stored thermal energy is used to keep the on-peak costs down as well as cutting peak
demand of the building. The chillers will run at 325kW for a 24 hour time period on design day to satisfy
the thermal load during on-peak hours.

ThermalLoad in kW

450 Peak Load Shaved

'

400

350

300 r"" \_Hm
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200
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Figure 13: Peak Shaving Strategy

In order to calculate annual cost savings, several factors had to be considered. One of those factors is
the demand savings due to thermal storage. Peak day of each month was selected and used to calculate
the total demand savings. The second factor was calculating the shift between on-peak and off-peak
operation. The difference between on-peak and off-peak costs was calculated and on a basis of a 3500
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ton-hr thermal storage tank. Peak day shaving required a 3406 ton-hr storage tank, so a slightly larger
tank was selected for future expansion and to account for thermal losses.

After adding up monthly demand savings as well as daily on-peak savings for the current rates, the
yearly savings for thermal storage was calculated to be $10,643.43. This is a conservative estimate
because the efficiency of the equipment will increase due to minimal part load operation. The savings
due to charging at night instead of the day, when heat rejection costs more, were also not considered. In
reality these savings could increase by a couple more percent.

7.5 Initial Investment

When calculating initial investment, several assumptions needed to be made. Assumptions were made
on the length of pipe, insulation, and Figure of Merit (FoM). The volume for the storage tank also
needed to be calculated in order to price it out in RSMeans 2009.

Tank size was calculated with the following formula: V[gal]= 1440*S[ton-hr]/(FoM*delta T]

e FoM was assumed to be 0.9, (0.9 is a typical figure used for a figure of merit in chilled
water storage).

e The building was designed for a delta T of 14 F.

e Ton-hr for storage was 3,500.

The calculated volume of the Tank was 400,000 Gallons. The rest of the materials were assumed based
on the location of the storage tower and pump size.

Table 28: Initial Investment for Thermal Storage

Initial Investment for Thermal Storage
400,000 Gallon Tank S 382,800.00
300 Feet of 5" pipe S 10,500.00
300 Feet of 2" Insulation for
. S 5,874.00
5" Pipe
(2) 15 HP pumps S 10,220.00
One Less Chiller S (293,062.50)
One Less Cooling Tower $ (50,472.80)
Increasing size of original
& . & S 94,648.00
Chillers
Increasing size of original
& 4 $  13,160.00
Towers
Total S 173,666.70
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The total investment for implementing chilled water storage was about $173,667. One of the redundant
chillers as well as one cooling tower was subtracted out during this calculation. The two remaining
chillers and cooling towers had to be upsized in order to keep original requirements of redundancy.
Thermal storage would replace this redundant equipment, and the plant will still have a 1200 ton
capacity plus the 3,500 ton-hr storage.

7.6 Payback and Sensitivity Analysis

Simple payback was calculated for the payback analysis. At the current electrical rate, assuming there
would be no increase in electric costs, the calculated payback period was 16.3 years. This payback
period is very conservative. As stated earlier in the report, yearly savings did not include increased
efficiency in operation. The costs of electricity will more than likely increase, making this payback period
even more conservative.

The biggest factor in payback periods is the cost of electricity. If the cost of electricity increases, the
payback period will drop because yearly savings would increase. This is why the sensitivity analysis was
performed. Table 29 shows the payback period in light of increasing energy costs.

Table 29: Sensitivity Analysis for Thermal Storage

Sensitivity Analysis
. Payback Period
Rates Yearly Savings
(years)
Current Electrical Rate S 10,643.43 16.3
An average of 10% cost increase during payback S 13,981.31 12.4
An average of 20% cost increase during payback S 17,319.19 10.0
An average of 30% cost increase during payback S 20,657.06 8.4
An average of 40% cost increase during payback S 23,994.94 7.2
An average of 50% cost increase during payback S 27,332.82 6.4
An average of 60% cost increase during payback S 30,670.69 5.7
An average of 70% cost increase during payback S 34,008.57 5.1
An average of 80% cost increase during payback S 37,346.45 4.7
An average of 90% cost increase during payback S 40,684.33 4.3
An average of 100% cost increase during payback S 44,022.20 3.9

When looking through Table 29, the payback period decreases to 10 years at an average of 20% increase
of electricity costs over the ten year period. Increasing electricity costs and demand charges could make
chilled water storage a good investment. When “real time” pricing for electricity is implemented by the
utility companies, thermal storage can bring in much more savings. The thermal storage system can be
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configured to store up to the maximum amount of storage and use it to cut on-peak cooling hours.
Charging the tank can be much cheaper as well during the off-peak hours which will further justify using
thermal storage in the DMA building.

7.7 Conclusions

A peak shaving strategy was used to analyze two types of thermal storage systems. Ice storage had a
range of results that ranged from negative benefits to very minimal benefits when it came to cost
savings. Chilled water storage performed somewhat better because of increased efficiency when
compared to ice storage. Chilled water storage produced an average yearly savings of around $10,643,
which included demand savings and on-peak kWh savings. The payback period for the chilled water
storage system was around 16.32 years. The payback would have been shorter if N+1 redundancy
wasn’t required. Due to N+1 redundancy, one chiller and cooling tower could be replaced by the chilled
water storage system, but the two remaining chillers and cooling towers had to be upsized by 100 tons.
A sensitivity analysis was also performed for thermal storage. At an average increase of 10% on-peak
electricity prices as well as demand charges, the payback period dropped to 12.4 years.

7.8 Recommendations

Thermal storage showed very minimal savings when compared to the CHP system. The payback period
was also more than 16 years. Thermal storage would be recommended if the electrical rates increase to
make the thermal storage system more cost effective as shown in the sensibility analysis. If the rates do
not show signs of increasing in price, then thermal storage would not be recommended due to little
energy cost savings.

8.0 CHP Integrated with Chilled Water Storage

An integrated CHP system with a thermal storage system can lead to big savings. When running a CHP
system at constant load, not all of the thermal energy produced by the CHP plant is utilized during the
off-peak hours. Systems A and C run at a constant load and show excess thermal energy that could
potentially be saved if stored and used during on-peak hours when the CHP system doesn’t produce
enough thermal energy.

For this part of the analysis, System A will be analyzed because it is the only system that shows a
considerable amount of excess thermal energy not being utilized. System E, which shows the biggest
savings, doesn’t show any excess thermal energy left after heating and cooling the building. It has to be
supplemented with further thermal energy.
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8.1 Initial Analysis

Upon completion of the CHP and thermal storage analysis, combining the two together involved some
work. An hour by hour sorting of storage had to be done over the summer months. As seen from sample
calculations in Appendix D, additional thermal energy still had to be supplied to meet thermal loads. The
analysis was to be done by hand on a daily basis, starting from May and ending with September, to see
how much additional thermal energy was needed to satisfy loads.

First, the thermal energy that could be stored was calculated on a daily basis, including a 10% loss. Then
this stored energy could be used during hours that required more thermal energy. Once all of the stored
energy was used, additional energy had to be added to meet the required thermal loads.

8.2 Energy Cost Analysis

While performing cost analysis, it became clear that a good amount of thermal energy was wasted
during the cooler months, while during the summer months, almost all of the thermal energy was used.
The analysis was performed to see how much savings could be obtained from chilled water storage.

Comparing System A alone to System A with thermal storage, an annual savings between the two
options was about $11,644. This savings came from using less natural gas in the boiler to make up the
difference in thermal energy needed. Instead of spending an additional $31,774, thermal storage helped
to decrease that cost down to $20,130.

8.3 Initial Investment for Chilled Water Storage

For the initial investment, the tank size for thermal storage could be decreased to 350,000 gallons
instead of 400,000 gallons that was needed in the thermal storage study. Because the CHP system uses
an absorption chiller and two backup electrical chillers, one electrical chiller could be removed as
mentioned is Section 7 of this report. The second chiller would have to be upsized to 650 tons to meet
N+1 redundancy requirements. Table 30 shows additional costs for a chilled water storage system.
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Table 30: Thermal Storage Investment with CHP

Initial Investment for Thermal Storage with CHP
400,000 Gallon Tank $  354,200.00
300 Feet of 5" Pipe S 10,500.00
300 Feet of 2" Insulation for 5" Pipe S 5,874.00
(2) 15 HP Pumps S 10,220.00
One Less Chiller S (293,062.50)
One Less Cooling Tower S (50,472.80)
Increasing Size of Original Chiller S 71,200.00
Increasing Size of Original Towers S 14,950.00
Total $  123,408.70

When integrating chilled water storage with a CHP system, the calculated additional investment is
around $123,409. The initial investment is slightly smaller when compared to a standalone thermal
storage system mentioned in Section 7 of this report.

8.4 Payback Period for Thermal Storage

The calculated simple payback period for the investment of this thermal storage system is 10.6 years.
Considering the fact that this is a government building built to be used for more than 50 years, this
payback period is probably reasonable.

8.5 Conclusions

The CHP system chosen for this analysis was the most favorable system for this study. This system
showed excess thermal energy, which otherwise would be wasted. That excess thermal energy could be
stored and used during peak hours. When incorporating a chilled water storage system with a CHP
system, calculations showed annual savings around $11,644. The initial investment for adding a chilled
water storage system was around $123,409. This leads to a 10.6 year payback period to justify this
additional investment.

Internal combustion engines produce much less thermal energy than turbines, which made thermal
storage not as effective. Almost all of the thermal energy is utilized during the summer, which leads to
little savings when storing a relatively small amount of thermal energy during the night. When
considering a peak week during July, the CHP plant wasn’t producing enough thermal energy even
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during the night. During that week, an additional boiler had to be run in order to supplement the DMA
building with thermal energy. Most of the weeks during May, June, August, and September used
thermal storage. In addition, thermal storage was utilized during the winter months and the shoulder
seasons.

The maximum cost of buying additional natural gas for a boiler in System A was $31,774. The cost of
buying additional natural gas for a supplemental boiler for System A, integrated with a chilled water
storage system was around $20,130. The percentage of savings and reduction of additional energy was
very favorable, but the actual dollar savings were very small. The maximum possible savings would be
the additional natural gas bought for System A, which is only an additional $31,774.

8.6 Recommendations

When strictly looking at energy savings of the DMA building, implementing thermal storage with the
selected system would be a good idea. The payback period is about 10.6 years, and the initial
investment is not large, when comparing to the initial investment of a CHP system. However, when
looking at cost savings, an additional $11,644 a year isn’t that much. The CHP system chosen for this
evaluation was the best candidate out of all the systems presented in this study for thermal storage and
the cost savings from it are considerably small.

9.0 System Optimization

This part of the analysis will include a concise study of energy savings coming from DOAS as well as
dedicating a chiller to the data center. This part of the analysis will only include the energy and cost
savings of the proposed systems. This study will not include initial investment or payback periods due to
the depth of study in other parts of the report.

9.1 DOAS

Variable Air Volume (VAV) systems are widely used in office buildings. These types of systems are
conventional and are great for many uses. DOAS has several advantages over a VAV system. In order to
meet ASHRAE Standard 62.1-20 ventilation requirements, a multiple space method must be used to
increase outside air into the AHU’s serving required spaces. Increasing outside air can significantly
increase energy consumption as well as operating costs. ®A properly designed DOAS with parallel

® Jeong, Jae-Weon, Stanley Mumma, and William Bahnfleth. "Energy Conservation Benefits of a Dedicated Outdoor
Air System with Parallel Sensible Cooling by Ceiling Radiant Panels." ASHRAE Transactions. 109.KC-03-7-1 (2003):

627-636. Print.
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sensible system can save a considerable amount of energy when compared to a conventional system
such as VAV.2 The parallel sensible system chosen for analysis is an active chilled beam system.

Active chilled beams use ventilation air provided by the AHU, and re-circulate ambient air in the room.
The chilled beam takes care of any sensible heat gain while the AHU is responsible for dehumidifying the
incoming air (latent loads). Dehumidification is a very important step in implementing DOAS. Properly
implemented chilled beams should not remove any latent loads, and if they do, problems with
condensation may occur.

When implementing a DOAS system, energy recovery is a must. An enthalpy wheel is usually used to
exchange latent and sensible energy from the exhaust with the incoming ventilation air. Unlike VAV
systems, where most of the exhaust air is re-circulated, DOAS exhausts all of its air. Energy recovery
must be used in DOAS in order be economically feasible. Figure 14 shows a typical schematic for a DOAS

system.
i -
cooling au cooling coile
= active chilled beams
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Figure 14: DOAS and Chilled Beam Schematic

To begin this analysis, an energy model was built in Trane TRACE 700. This energy model compared the
current design with a DOAS design paralleled with chilled beams in lower energy density spaces like
offices. VAV systems were still used in high energy density areas such as the television studios.

After completing the energy model, the results were obtained from TRACE. Annual savings in energy
consumption were around 1,913E6 BTU/yr, and annual cost savings were around $46,494. The savings
came from smaller AHU’s, fans, as well as the efficiency of separating latent and sensible loads. Even
with an enthalpy wheel, which adds an additional inch of pressure drop, there are considerable fan
savings due to a much smaller requirement for airflow.
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Cost savings can come from reductions in ducts that can be resized due to lower flows. AHU’s will be
downsized and there are savings even with an additional enthalpy wheel used for recovery. The only
additional cost that has to be accounted for is the cost of chilled beams. Chilled beams are fairly new to
the U.S., which will make them a considerable cost. However as more and more projects begin using
chilled beams the cost of their installation will be reduced. Another option that could be used is
implementing radiant panels. Radiant panels take care of the sensible loads just as chilled beams, but
they have a few implications with them. These implications include higher integration with lighting
design, and the risk of radiant panels leaking in a media center or a television studio and damaging
expensive electrical equipment.

9.2 Dedicated Chiller to the Data Center

The current setup for the chillers in the DMA building can be seen earlier in Figure 3. The three chillers
are set up in parallel in a primary/secondary pumping system. Evaporator temperature for the chillers is
set at 44° F, and all the loads are served with a 44° F entering water temperature. As the temperature of
the evaporator increases, the COP of the chiller increases. An increase in the COP results in a reduction
of kW/ton used to run the chiller. Data centers usually require a higher entering temperature, but the
current design uses APC cooling racks. APC cooling racks are liquid cooled racks that are used to cool the
data center loads.

When looking further into the cooling racks, an important piece of information was obtained. The APC
cooling racks that are used for the DMA building range in entering water temperature. The same cooling
racks that were chosen to cool at 44° F are compatible at 55° F. However, at 60° F or above, the racks
would have to be upgraded in order to meet the cooling capacity.

A manufacturer of magnetic frictionless chillers was contacted to obtain efficiency values at desired
evaporator temperatures. Table 31 shows the manufacturer’s kW/ton at three different temperature
settings. These new values show a big drop off in energy consumption as the temperature increases.

Table 31: Data Center Chiller Temperatures

Data Center Analysis
Evaporator Temperature (°F) 44 55 60
Condensing Water Temperature (°F) 85 85 85
kW/ton 0.535 0.418 0.314
NPLV 0.314 | 0.256 0.2334

The new kW/ton values would have to be modified to account for higher pumping energy due to a
smaller temperature difference. Trane TRACE 700 was used to calculate the energy consumption of the
data center with a dedicated chiller for the different temperature settings.
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As predicted, the energy consumption of the data center decreased as the evaporator temperature
increased. The pumping energy increased, but the savings from running the chiller at a higher
temperature outweighed the increased pumping costs. Table 32 shows the yearly savings due to
increasing temperature to 55° F and 60° F.

Table 32: Cooling Cost Comparison of the Data Center

Cooling Cost of the Data Center
Temperature | MMBTU/year S/yr Savings
S/yr
44° F 15137.0 $395,715.00 -
55° F 14065.4 $367,560.00 | $28,155.00
60° F 13046.8 $340,769.00 | $54,946.00

In order to dedicate a chiller to the data center, some modifications would have to take place. Keeping
redundancy is a must, and therefore the standby chiller would have to be linked to both the building
loads and the data center loads. Figure 15 shows the needed modifications to isolate a chiller to make
higher temperature water. Some extra piping will be needed to go from the chiller room to the data
center, as well as two VFD pumps for redundancy. A connection coming off the main chillers will also be
added for redundancy in case the dedicated chiller for the data center fails.
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Figure 15: Dedicated Data Center Chiller Schematic
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Dedicating a chiller to the data center will only involve a couple hundred feet of pipe and a couple of
pumps. Installing two pumps and extra piping, as well as a couple valves, will cost around $19,600. If the
55° F water will be used the data center, the payback period would be around seven to eight months.
This is definitely a good option to implement for additional savings with a very minimal initial
investment.

10.0 Electrical Breadth

When installing a CHP plant an important factor that has to be considered is tying in the CHP system into
the original electrical system while keeping the same redundancy level or improving it. Implementing a
CHP system will also have electrical implications because the building would be generating its own
electricity. Enough power must be supplied to the equipment as well as the data center in the DMA
building. Emergency power must also be accounted for to ensure non-stop operation of the building.

An electrical analysis has been done on the DMA building. The CHP system tied in to the existing
electrical system by connecting in after each one of the transformers on the load side of the service. An
upgraded switchboard for the 2390 kW Jenbacher natural gas generator was designed. The CHP
generator comes in three options. These options are: 480/277 V, 4160V, and 13.2 kV. The option
chosen for the design was the 480/277 V because of the close proximity of the machine to the
transformers as well as for redundancy and economical reasons.

If a 13.2 kV generator was chosen, three more transformers would have to be added in order to keep
the same redundancy level as provided in the original design. The original design used a 480/277 V, two
megawatt generator that tied into the system right after the transformers. The current system does
exactly the same thing, except all of the loads are covered by the generator instead of just the
emergency loads.

Figure 16 shows the schematic of a CHP system being tied into the electrical system of the DMA
building. The automatic transfer switches were sized based on the current protection devices put in
place by the engineer. The maximum load was calculated for the building and the generator switchboard
was sized based on that load. Each one of the breakers coming off the generator switchboard is
oversized due to redundancy and future growth. The breakers designed by the engineer were oversized
when checking the total connected load, so they were kept at the same sizes. Because the total load will
not exceed a total of 3500 amps, the main breaker was selected at 3500 amps.

Extra automatic transfer switches were supplied to the critical loads and the fire pump. Because these
ATS’s are coming off the same switchboard, the total load of the switchboard doesn’t increase. The
reason a secondary automatic transfer switch was supplied to the critical loads as well as the fire pump
was to keep redundancy. If one of the ATS’s fails, the second ATS would come on to serve the critical
loads as well as the fire pump.
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Figure 16: Electrical Service Schematic
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Automatic transfer switches were sized based on the end loads of the building. Breakers and fuses were
also sized based on the original design. If the loads exceed the capacity of the generator, certain ATS’s
would switch over to the utility feed. Paralleling gear could also be added in later if a second generator
would be required or is determined feasible to use in the DMA building. Paralleling gear basically syncs
the output of two generators and produces a constant output. This increases the reliability as well as
adds in more redundancy. The data center racks still have room to grow, so with a larger data center an
additional prime mover may be required down the road.

11.0 Acoustical Breadth

Acoustics can play an important part in building design when CHP is being considered. CHP prime
movers such as turbines and internal combustion engines are very noisy. Acoustical considerations must
be accounted for when designing this type of system. Spaces adjacent to the plant as well as above and
below must be designed to reasonable operating levels. Noise levels from equipment must be isolated
from the conference rooms and television studios. An acoustical study on the mechanical rooms with
CHP equipment has been done on the DMA building to make sure acceptable noise levels are achieved.

The location of the internal combustion engine chosen for the DMA building will be located in the utility
plant. The utility plant already has eight inch solid filled CMU block with reinforcing rebar for its 30 foot
high walls. Unfortunately, having one wall won’t bring the noise levels down to acceptable NC levels in
the adjacent spaces. Figure 18 shows the location of the utility plant with respect to the surrounding
rooms. The warehouse is located to the west of the plant. A hallway is directly south of the utility plant.
A chiller room and an electrical room are located to the east of the plant. The chiller room as well as the
electrical room is sufficiently isolated from the IC engine with the eight inch CMU block. The spaces that
will require an acoustical analysis are the west wall to the warehouse where suggested NC levels are 40-
50, as well as the south wall which has a hallway on the other side. Recommended NC levels for hallways
are 40-45.°

® Mehta, Johnson and Rocafort. Architectural Acoustics Principles and Design. 1999 by Prentice-Hall,

New Jersey. pg 164 and pg 168
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Figure 17: Utility Plant Location

Several options were looked at for this analysis. There are several requirements for all the options
analyzed. The first requirement is to have mandatory ear protection inside the utility plant. The second
requirement is to move the double doors that open from the utility into the chiller room.

STC Ratings were obtained from Architectural Acoustics by Marshall Long for the calculation of the
different of wall types.'® Because the facility was designed with an 8” filled CMU, additional walls are
needed to reduce the noise levels to the recommended levels in adjacent spaces. The walls tested
included an additional eight inch filled CMU, eight inch concrete wall, as well as two options of 3-5/8”
metal stud walls with two sheets of drywall. One option didn’t have insulation inside the wall while the
other option included a two inch, R-11 insulation. Tables 33 and 34, show Jenbacher 612 and 616 IC
engines, as well as their reduction of noise based on different wall types.

10 Long, Marshall. Architectural Acoustics. Boston: Amsterdam; Elsevier/Academic Press, 2005.
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Table 33: Acoustical Study on Jenbacher 612

Jenbacher 612 (1801 kW)
. 35/8" 35/8" 8" CMU 8" cCMU 8" CMU
) 8" filled 8" Two 8" ] )
) A- Adjusted metal stud metal stud and 8" with metal with metal
Engine Data . cMU concrete ) CcMU
weighting to dB with R-11 no concrete stud & stud no
wall wall ) ) ) . walls ) ) ) )
insulation insulation wall insulation insulation
Hz dBA dB dB TL TL TL TL dB dB dB dB
63 88 -26.2 114.2 33 44 20 18 48.2 37.2 61.2 63.2
125 100 -16.1 116.1 34 45 29 20 48.1 37.1 53.1 62.1
250 95 -8.6 103.6 36 55 42 31 31.6 12.6 25.6 36.6
500 94 -3.2 97.2 41 56 52 40 15.2 0.2 4.2 16.2
1000 93 0 93 44 58 57 45 5 0 0 4
2000 91 1.2 89.8 52 63 45 39 0 0 0 0
4000 91 1 90 55 67 40 46 0 0 0 0
8000 94 -1.1 95.1 56 68 42 45 0 0 0 0
Table 34: Acoustical Study on Jenbacher 616
Jenbacher 616 (2390 kW)
) 35/8" 35/8" 8" CMU 8" CMU 8" CMU
. 8" filled 8" Two 8" i X
) A- Adjusted metal stud metal stud and 8" with metal with metal
Engine Data . CcMU concrete ) CcMU
weighting to dB with R-11 no concrete stud & stud no
wall wall ) walls )
insulation insulation wall insulation insulation
Hz dBA dB dB TL TL TL TL dB dB dB dB
63 90 -26.2 116.2 33 44 20 18 50.2 39.2 63.2 65.2
125 96 -16.1 112.1 34 45 29 20 44.1 33.1 49.1 58.1
250 98 -8.6 106.6 36 55 42 31 34.6 15.6 28.6 39.6
500 97 -3.2 100.2 41 56 52 40 18.2 3.2 7.2 19.2
1000 95 0 95 44 58 57 45 7 0 0 6
2000 94 1.2 92.8 52 63 45 39 0 0 0 0
4000 94 1 93 55 67 40 46 0 0 0 0
8000 92 -1.1 93.1 56 68 42 45 0 0 0 0

Figures 18 and 19 show the NC ratings of different wall types as well as their corresponding engine. The
eight inch poured concrete wall was ruled out because of the metal construction used for the structural
system of the DMA building. When pricing out these walls in RSMeans, the metal stud wall that included
insulation was the most expensive wall type, and it did less noise reduction than an additional block
wall. The metal stud wall without insulation did not meet the recommended noise criteria in adjacent
spaces.
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NC Analysis for Jenbacher 1801 kW IC Engine
Original 1801
NC-70
NC-65 —==1801Two 8"
Nceo MUY
NC-55
NC-30 . 18018" cMuU
NC-45 and 8"
NC-40 concrete wall
NC-35
NC-30 1801 8" CMU
with metal
NC-25 stud &
NC-20 insulation
NC-15 . 18018" cmu
X with metal
0 ! - - - stud no
o o o insulation
62.5 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Figure 18: NC Curves for Jenbacher 612
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NC Analysis for Jenbacher 2390 kW IC Engine

Original 2390

==%=2390 Two 8"
NC-70 MU

NC-65

NC-60

NC-55 w2390 8" cMU
NC-50 and 8"
NC-45 concrete wall
NC-40

NC-35 2390 8" CMU
NC-30 with metal

NC-25 ~ Stud&
insulation

NC-20 2390 8" CMU

NC-15 with metal
stud no

0 : ~ & 4 insulation
62.5 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Figure 19: NC Curves for Jenbacher 616

Figures 18 and 19 show that the NC levels of the spaces are currently above NC-70 with the selected IC
engines. These noise levels are outside the suggested comfort levels mentioned earlier. These figures
show the quality of noise control by the double eight inch filled CMU wall to isolate the CHP plant from
the rest of the building. Without this wall, it would be unbearable to be in the warehouse, hallways and
offices on the other side of the hallway. The NC charts give a clear indication of this analysis.
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Table 35 shows a sample method used to calculate the cost for the different wall types analyzed for the
Acoustical analysis.

Table 35: RSMeans Acoustical Cost Estimate

- - B ) o

$27,461.10

$13,228.65

$26,815.80

$14,991.14

$28,731.25

$14,498.80

$28,085.95
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The recommended wall type for this project is to add an additional eight inch filled CMU wall on the
warehouse side and the hallway side. The total cost of this addition will be around $28,086 when using
RSMeans 2009. This is the most economical and practical solution when adding a CHP system to the
DMA building.

12.0 Final Conclusion and Discussion of Results

The DMA building operates around the clock with a fairly constant load throughout the year. Large
internal loads are contributed to this building by television studios, editing suites, media centers, as well
as a 1.1 megawatt data center. Several systems were analyzed for their feasibility in the DMA building.
Combined Heat and Power, Thermal Storage, and System Optimization were discussed in this report.

Combined Heat and Power showed great potential in the DMA building because of the fairly constant
load profiles. Two different prime movers were analyzed for the implementation if a CHP system. Gas
turbines were eliminated from the analysis early on due to fractional savings when compared to internal
combustion engines. System E included a Jenbacher 616 engine following the electric load, utilizing a
650 ton absorption chiller and supplemented with a 300 ton electric chiller. This system showed the best
savings as well as the fastest payback. Annual savings from System E were around $368,273 and a
simple payback period for this system was calculated to be around 8.8 years. A sensitivity analysis was
also performed on the IC engines to see how the cost of electricity would impact the payback period. At
only a 10% average increase in electricity costs, the payback period for system E dropped to 5.9 years.
An acoustical analysis was done on CHP systems to see the impact of noise it had on adjacent spaces. An
electrical analysis was done on the CHP systems to see how the system will be tied in with the current
electrical distribution.

Thermal storage was the second study performed for the DMA building. A peak shaving strategy was
used to analyze two types of thermal storage systems. Ice storage was not recommended by the
manufacturer of ice storage systems. Despite the negative recommendation, an ice storage analysis was
performed. As it turns out, ice storage had a range of results that ranged from negative benefits to very
minimal benefits when it came to cost savings. Chilled water storage performed somewhat better
because of increase efficiency when compared to ice storage. Chilled water storage produced an
average yearly savings of around $10,643, which included demand savings and on-peak kWh savings.
The payback period for the chilled water storage system was around 16.32 years. The payback would
have been shorter if N+1 redundancy wasn’t required. Due to N+1 redundancy one chiller and cooling
tower could be replaced by the chilled water storage system, but the two remaining chillers and cooling
towers had to be upsized by 100 tons. A sensitivity analysis was also performed for thermal storage. At
an average 10% increase of on peak electricity prices as well as demand charges, the payback period
dropped to 12.4 years.
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The third analysis performed was the integration of a chilled water storage system with a combined heat
and power system. The most favorable CHP system for thermal storage was chosen for this analysis.
When incorporating a chilled water storage system with a CHP system, calculations showed energy cost
savings around $11,644. The initial investment for adding a chilled water storage system in was around
$123,409. This led to a 10.6 year payback period to justify the additional investment in thermal storage.

The fourth analysis was separated into two sections. Section one dealt with energy cost savings due to a
DOAS system as compared to a VAV system. Section two introduced a separate chiller for the data
center that would run at different temperatures to optimize energy cost savings. When using DOAS in
the DMA building, yearly cost savings from energy usage were around $46,494. DOAS was not used in all
of the spaces and the higher load spaces used a conventional VAV system. Dedicating one of the chillers
to the data center produced good results as well. Running the chiller at 55° F as compared to the original
44 F produced a yearly savings of about $28,155. Running the chillers at 55° F did not require switching
out to bigger cooling racks so the initial investment of a couple valves, piping and pumps was paid off in
less than a year.

12.0 Final Recommendations

After completing multiple analyses, the best system choice for the DMA building was Combined Heat
and Power. Installing System E, which included a Jenbacher 616 engine following the electric load,
showed the best cost savings and system payback. Annual energy cost savings from System E were
around $368,273 and a simple payback period for this system was calculated to be around 8.8 years.
When including O&M costs, yearly savings were around $284,904, which is a considerable amount of
money. From the completed analysis, this system would be recommended to the owner due to a quick
payback period and large energy cost savings.

Thermal storage showed very minimal savings when compared to the CHP system. The payback period
was also more than 16 years. Thermal storage would be recommended if the electrical rates increase to
make the thermal storage system more cost effective as shown in the sensibility analysis.

Adding in a thermal storage system to a CHP plant had good results when used with System A from the
CHP options. System A by itself only saved around $163,100, which is much less than System E. System
E followed the loads, so thermal storage was not necessary. Adding in a thermal storage system would
add more complexity to the CHP plant, and from my analysis, would produce smaller saving if
implemented in the DMA building.

Switching the VAV system to a DOAS system in office areas of the building would reduce energy usage of
the building and have cost savings of around $46,494. Further analysis would have to be done to see
initial costs of the system and the payback period. Based on Dr. Mumma’s research, implementing a
DOAS system with radiant panels may cost less upfront than a VAV system.
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Adding a dedicated chiller to the data center will save around $28,155 a year with a minimal additional
cost. Dedicating a chiller to the data center while using a CHP plant would yield smaller savings.
Currently, System E covers all of the base loads of the building, which include the data center. During on
peak hours, when there isn’t enough waste thermal energy from the engine, an electric chiller would
kick on to cover the rest of the load. The waste thermal energy is “free” and running an electric chiller
for the data center wouldn’t make sense financially. Adding a dedicated chiller if CHP isn’t used in the
building would produce favorable results. My recommendation for adding a dedicated chiller would be
to add it if CHP is not used in the building.

Appendix A: Literature Review

Introduction:

Global warming and energy optimization have been a hot topic for several years. New energy efficient
vehicles and transportation have been implemented, starting with hybrid cars, but the building industry
hasn’t been touched. Buildings in the United States use more than a third of the total energy produced.
Different options must be looked into and revisited to gain energy independence and minimize or even
completely get rid of carbon dioxide emissions.

The concept of Combined Heat and Power (CHP) systems has been around for years, but the economics
and technology weren’t suitable for their application. Combined Heat and Power is a way of producing
electricity. Normally, the power company creates all the electricity and discards all the waste heat which
is the byproduct of electricity production. CHP uses a prime mover such as a turbine, an internal
combustion engine, or a fuel cell to make electricity. The waste heat is then collected and used to
directly heat buildings or used in industrial processes. This waste heat can also be used in an absorption
cycle or steam chiller to create chilled water to cool buildings.

Many states including Pennsylvania and Maryland will de-regulate the sale of electricity by the power
companies, placing a cap on the price the power company could demand for electricity. Once that cap is
removed, prices will jump and some believe they would almost double. The purpose of this review is to
re-examine the current state of CHP in light of deregulation of electricity.

In the processes of examining the current state of CHP, several issues must be addressed. 1) The
difference between CHP systems and the current Separate Heat and Power system used for power
generation; 2) Size of the power plant, and how size affects efficiency of energy utilization; and 3) Types
of fuels used for CHP systems, and the difference between these fuels.

PSUAE | Appendix A: Literature Review



[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

The scope of this review is to focus on the three issues listed above to determine if it is worth-while to
look further into CHP. The review is constrained by these three issues due to available space, creating
the necessity for a concise review of the topic at hand.

Combined Heat and Power (CHP) vs. Separate Heat and Power (SHP):

Separate heat and power is defined as producing electricity with a power plant, while throwing out
waste heat. That electricity is then distributed to the building sector and used in buildings to run
processes such as lighting, computers, data centers, printers, kitchens, basic electric requirements, etc.
The electricity can also be used to cool the building by running electric chillers, as well as heat the
building by using resistance heating or electric boilers. Where natural gas is available, buildings use it in
gas-fired boilers to heat the building and make domestic hot water. Most of the United States uses SHP
to power their buildings.

Fuel Energy Utilization is defined as the useful energy out over the total energy of the fuel in. Typical
SHP plants have energy utilization of about 30-45%. Energy utilization for CHP plants range from 70% to
more than 90% [1]. These energy utilization numbers for a CHP system are verified in a recent article
from the department of building science in Tsinghua University in Beijing written by X.L. Zhao et al. “The
electric efficiency is about 24%—27%, and the thermal recovery efficiency of the flue gas is about 14%—
15%, and the thermal recovery efficiency of jacket water is about 39%—-44%" [2]. Zhao works in the
Department of Building Science at the Tsinghua University. The department tests Internal Combustion
Engines for electrical and thermal efficiencies for different scenarios and different engine sizes.

Emissions from energy production are another factor examine when analyzing the difference between
CHP and SHP. Several sources agree that CHP reduces emissions when compared to SHP power plants.
Zhao et al, states that the second benefit of distributed CCHP systems is emission reduction [2]. D.W Wu
et al, also mention the differences in emissions from prime mover to prime mover, and state the fact
that CHP systems utilize energy at a much greater efficiency which decreases emissions [1]. Rodney
Evans, a researcher from Harwell Laboratory, also mentions that CHP “can reduce SO, emissions
significantly because of the low sulfur content of natural gas” [3]. He also states that emissions from CHP
systems are very technologically and fuel dependent. Depending on the fuel type, new emissions from
CHP plant will be produced, but these new emissions will be counter-balanced by the reduction in old
emissions from the conventional SHP system.

Plant size and how it affects efficiency of energy utilization:

The size of the prime mover is a very important factor when using CHP. The prime mover, such as an IC
engine or a gas turbine, must meet the electrical or thermal load of the building. Once the main load is
met, the byproduct is used by the building. The most successful systems meet both loads without any
waste. Meeting both loads at the same time is a very difficult task, because thermal loads usually don’t
correspond with electrical loads. The load type determines the size of the plant. Larger loads, like
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campus loads, are fairly constant. A campus load would require a large CHP system. The larger the CHP
system and the more constant the load is, the more efficient the system will be.

When CHP systems get smaller, the efficiency starts to decrease. Wu mentions, “The average efficiency
of the micro-turbine is 26.9%, when operating at full output capacity and an average air inlet
temperature of 71° C. However, the partial-load efficiency drops to a low of 11% at 9 kW output power.”
[1]. The reason for this lower efficiency is the operation of these plants. Smaller plants usually operate at
part load, which decreases efficiency. A lot of development is being done right now to increase
efficiency of smaller plants. In fact, the author concluded that the efficiency of the smaller plants is low
also said, “Small scale CHP would be an extremely efficient means of using natural gas both for
electricity production and CO, abatement” [1].

The Institute of Sustainable Energy Technology reports, “All CHP installations can save the primary
energy and reduce CO, emission when operated on heat demand. However, installing a micro-scale CHP
in a residential house is not financially favorable at the present time because of high investment cost
and long payback period.” [4]. While the micro-scale CHP systems save primary energy and reduce CO,
emissions, they are still much less efficient than larger systems. Larger systems start from 1megawatt
and go up. The smaller systems require much smaller engines that are currently not developed to be as
efficient.

The common trend for all the articles is that the larger systems have a much better fuel utilization
efficiency when compared to smaller or micro-CHP systems. These micro-systems are under
development to improve efficiency of utilization of the prime fuel.

Types of fuels used for CHP systems:

Several different fuels can be potentially used for CHP systems. Typically natural gas is the most
common fuel type. Natural gas has many advantages. It is energy dense and can be used in most of the
CHP systems. Natural gas is available in many locations and is environmentally friendly [3] as mentioned
by Evans in his report for the Energy Policy. Biomass fuels are currently being developed to be used in
CHP systems. Other fuels used include diesel, alcohol, butane, gasoline, and methanol [1].

Biomass fuels are increasing in popularity. Leilei Dong and Hao Liu mention, “Of all the renewable
energy resources, biomass is plentiful and prominent.” [4]. Biomass is one of the largest energy sources
on earth, which when burned can be considered carbon neutral, given that you grow as much biomass
as you burn. Biomass does have some complications such as being delivered and storage. Tuula Savola
and Carl-Johan Fogelholm who are mechanical engineers in Helsinki University of Technology mention
that biomass fuels have about 55% moisture content by volume [5]. A fuel dryer must be used when
implementing a biomass fuel. When burning biomass fuels, a boiler is usually used. Biomass fuel is a
solid fuel that would ruin an IC engine or a turbine due to the design of these engines. This can be seen
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from the article written by Dong, “Biomass gasification product gases can cause extreme engine wear
due to tar contamination and unstable operation” [4].

Conclusion:

The energy industry is seeing more and more development in CHP systems. CHP systems have many
benefits including lower total emissions, and a higher fuel utilization efficiency when compared to
conventional SHP systems. The efficiency is heavily dependent on the size of the plant, the prime mover
choice, and the type of fuel used.

It is my belief that CHP will become a much more predominant way of producing electricity for buildings
as the price electricity increases. With the improvements in technology and current economic
conditions, CHP can be a solution. Although there are a few examples of working CHP systems, the
bigger campus systems such as Bucknell’s Cogeneration plant, are very efficient and economical because
they match thermal as well as electrical loads very well.

At this point, there are still many questions to be addressed. The articles discussed all seem to agree on
one thing; CHP systems reduce emissions as well as improve total utilization of the fuel. Further research
and analysis should be done to determine if CHP would produce a feasible outcome.
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Appendix C: Masters Coursework

As a portion of the analysis for this report, materials covered in Masters Classes must be incorporated.
The Masters Courses which have been included in this report are as follows:

AE 557 Central Cooling — The materials covered in this course was directly used for the thermal storage
analysis. The dedicated chiller study was also done with the help of this course.

AE 558 Central Heating — The materials covered in this course were used for CHP analysis.

AE 551 Combined Heat and Power — CHP was one of the major studies in this report. Knowledge from
this course was directly applied to this report when selecting equipment and doing load calculations.

AE 467 Advanced Electrical Design — Electrical design was used for tying in the CHP system into the
current electrical distribution system.
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Appendix D: Sample Calculations

Base Building Sample Calculations

Ale1 Alt1 Not Including Chiller Includes Chiller
Total Total  Cooling
kv Electrie Load Current  Current
includin Electric  conwert TOMS  Total Total Elestric  Electric  Current
Total g kil in ed to converte Baoiler Therma Thermal Mid- Current Electric  CoztMid Coszt O Bailer
(4 Chiller BT MBH  dtoMbh Mbh ILoad Fatio On Peak Peak Off Peak CostOnPeak  Peak Peak. Cost
Maonth  Day Hour (4 ETUtkr  Mbh Mbh Mbh Mbh kwh kwh kith
Jan 1 1 18028 19949 E1G6EE4 61557 4960552 27486 52254 0543373 130234 0 0 3858 2831068
Jan 1 2 18025 1994 6154639 61946 403254 20027 B212.8 0846972 1202.54 0 0 149624 28867H
Jan 1 3 18024 19935  BIG4HE1 B1S4.2 491361 28715 D205 0345393 1302.4 0 0 1435835 2957645
Jan 1 4 18019 19915 6152420 61524 48EBTYY 28784 S1966 0333045 180189 0 0 1434364 2984762
Jan 1 5 1017 19902 66TV G191.8 432769 2043 51219 08325 1emy 0 0 1483329 20M23
Jan 1 E 18017 19897 EI61TV1 B151.8 431013 51039 51214 033251 18y 0 0 432963 3197017
Jan 1 T O18018 19895 £151542 61519 4800412 33828 S140.7 0335621 180175 0 13423 0 3434534
Jan 1 18022 19903 61533TE 61934 4816102 292 B1085 08309 @z 0 18430238 0 2007a3
Jan 1 3 18029 19913 GI557EE  G155.8 482735 2FY69 S104.9 0329294 1302.87 0 1344042 0 285977
Jan 1 10 18045 1994  EIB1223  B161.2 4363254 26608 51193 0830392 1304.47 215586874 0 0 ZEITHE
Jan 1 1 1805.7 1996 6165232 6165.3 4831472 2671 BI48.E 0235124 120866 258031352 0 0 2650293
Jan 1 12 18064 19973 FEIEVTS21 61679 491046 21696 5127 0331237 130643 215.948076| 0 0 2224388
Jan 1 13 18067 19981 E168330 G169 4326538 19693 51235 0.830529 130874 216.0302472 0 0 2028894
Jan 1 4 18069 19981 6169535 61606 4921252 26120 52825 085222 1206.92 216.0324036 0 0 xTaaar
Jan 1 1 18061 19971 GIEE2I7 61669 4915609 2TR.AD 5193 0842076 180613 2139296956 0 0 285717
Jan 1 16 18057 1996.2 6165429 61654 4800272 29503 52943 0852700 18057 2EAMI0E4 0 0 4.068809
Jan 1 17 18052 19954 6163722 GI6R.T 480047 43689 53254 0862985 18052 2157437202 0 0 4499967
Jan 1 18 18048 1995 6162452 61625 483311 37731 52659 0354516 1304.83 215.70264 36 0 0 3891443
Jan 1 19 18046 19947 EEIFFE  B1618 4383667 4299 53136 0362344 130483 215.BEE3E4 0 0 442797
Jan 1 200 18045 19944 EENIT G162 48TATOR 41342 52931 0.28510% 1204.46 215.6366904 0 0 4.258329
Jan 1 b4l 1805 19946 6162302 G162.9 4260537 52861 B3IOT.Q 08TOT4E 1204.96 0 1847079 0 5444623
Jan 1 22 18043 19939 EIE0TES G160 43EE13E 43489 5301 0.860446 1304.34 0 1346431 0 4475367
Jan 1 23 18047 19942 62T G162 4264334 42052 52939 0.285106 1204.73 0 1846746 0 4424674
Jan 1 24 1805 19945 6162971 G163 4862893  TO162 53646 0.070453 1204.93 0 0 M9EGRRE  BIETI04
Jan 2 1 18054 19953 6164433 GI64.4 437814 45787 BI6E 0870473 1805.4 0 0 Ma7208 6025061
Jan - 2 18051 19948 G344 61634 40TIEED 48023 B3IBLD 0960332 1208.1 0 0 496843 4946269
Jan - 318047 19938 GIE1GTE G161.9 4852006 4TEEZ BI2B6  09E4TT 120466 0 0 M49E083 490356
Jan 2 4 18048 1993.8 GIE2254 61623 4846803 54309 53959 0IFEEIE 1304.77 0 0 M3E053 GEG5E2T
Jan - 5 18051 19936 6163300 61634 482000 EYT.T BB06.6 059344 18051 0 0 49551 E930H
Jan z £ 18041 19923 61535833 61599 4513305 46303 5283 0553617 1304.08 0 0 143435 4831627
Jan 2 7 18043 1992 EIE0E43  GIB0L6 4302373 EBEZ3F S464F 053704 1804.3 0 184463 0 B.E22411
Jan 2 % 18051 19929 EIE3ZTE 61633 48060395  6OEHE  S46LT (536164 1306.07 0 1345605 0 B.752474
Jan 2 9 18047 19929  ©1E1900 G162 432045 46575 52859 0.857824 1204.69 0 1845533 0 4797225
Jan - 0 18064 19952 CGIEVE19  GIGT.8 434012 47062 BIMOA  0.261074 1804 2R T2Ha04 0 0 4347429
Jan - 1 18085 1998 6174852 GIT4.9 4264635 46436 BI290 0862025 1208.46 HEN2159TE 0 0 47829038
Jan 2 12 18107 20009 6152433 61824 4339071 43800 53271 0361643 1810.68 216.3383892 0 0 4511503
Jan 2 13 18116 20021 6135540 61855 4335677 38308 52817 0853335 1811.59 216 467052 0 0 3945513
Jan 2 ¥ 18115 20019 6136036 G1851 4337356 39738 52947 0856048 181148 ME448ET1E 0 0 4033014
Jan 2 16 18128 20037 133671 61897 491836 35866 52705 0351507 13128 216.6389628 0 0 3634133
Jan - 6 18129 20038 61900T 61901 4900545 447 5I245 026016 18253 HER4EEI2 0 0 427
Jan - 7 18135 20043 6192133 6192.2 4906002 40164 53076 08575 181254 HETO05S12 0 0 413E892
Jan H 8 18128 20031 G129501 61895 4233054 42602 BI200 0853532 1812.y8 2IB.5TEITZ 0 0 4397276
Jan 2 19 18141 20045 B340 B1941 4333274 44756 53408 0862244 18141 21B.721134 0 0 4803363
Jan 2 20 18124 20022 6133308 6188.3 4376742 G252 53883 0.3V0FT 13124 64821388 0 0 5.278956
Jan 2 N 181286 2002 6133336 61889 4362773 54115 54039 0E7HEE 181257 0 1863983 0 GE73I845
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Al 1 Al Mot Including Chiller Includes Chiller
Total Total Cooling
(4 Electric Load Current  Current
includin Electric  conwvert TOMNS  Total Total Electric  Electric  Current
Total g kM in ed to converte  Boiler Therma Thermal Mid- Current Electric  Cost Mid CostOf  Boiler
kv Chiller ETU's MEH dtoMbh Mbh Iload Ratio On Peak Peak Off Peak  CostOnPeak Peak Feak Ciost
Month  Day Hour Kk ETUthr  Mbh Mbh Tibh Mbh kwth kwh (AT]
MWlay il E 18307 20284 E260613 625006 5071833 13004 52019 0832217 133065 0 0 1522023 1339412
MWlay il 7 1842 2039.6 £285441 62894 GOETAM 12607 51931 0525673 184202 0 1388788 0 1288221
MWlay il 3 19366 21418 EEIZETS 66123 GIOEET VR4 60SD9 0915854 193657 0 138343 0 7.7EE3E3
MWlay il 9 2043 23227 TIBENI 71851 GY02005 E427 BF66.3 0302532 0434 0 2150304 0 0EE19E
MWlay il 10 21191 23498 7236510 72355 E0S5563 4635 61339 034775 18 264.0625384 1] 0 0467105
MWlay il 1 21299 23672 7IUINE ¥2¥23 eRALTIY 328 63246 0369656 2988 266.9459388 1] 0 033837
MWlay il 12 2131 23706 TITEODS  F2TE 63G9.935 2T 63826 087TIE 213098 Z26E.3060284 1] 0 0233913
MWlay il 13 21305 23708 7274332 FRTA3 E3R2ET 16547 63977 0873455 23047 Z26E.3330584 1] 0 018934
Mlay il 4 21093 23524 T0ZT T202.0 6440623 0 G440.6 0854269 210932 264, 3425692 ] 0 0
Mlay il 15 2121 23585 TMEYT T2 GRI0LED 0 6538.9 0906704 21212 2E6.0021012 ] 0 0
Mlay il 16 2134 23623 T2E00 T219.9 EE13304 0 6613.3 096489 211236 266.4006324 ] 0 0
Mlay il 17 2.7 2358.3 70209 T210.2 GREDZT4 0 6568.3 0510969 2163 2649750712 ] 0 0
Mlay il 18 1923.% 2150.3 EG6TER0 6B6T.6  DOET.O2 0 5967.4 0908614 192348 2324002736 ] 0 0
Mlay il 13 1824 20271 E228015 6228 G230579 445 5235 0240862 12402 AT ] 0 0.045532
Mlay il 20 1832 2031.2 6205134 6255.2 G135.236 6428 B199.6 0821248 18159 iy el ] 0 0BG
Mlay il 2 18305 2027.6 6249970 6250 BORLIGD 10924 1904 0830474 183048 0 137.7642 0 1125172
Mlay il 22 18299 2026.2 6247990 6248 GORR2M 12936 B183.1  0.82986 fa2a.8s 0 1876332 0 1337552
Mlay il 23 18297 20257 6247230 6247.2 S044335 138D 5180 082964 182966 0 137883 0 1397195
Mlay | 24 18303 2027 E243206 62494 G0G4422 13692 BI191.3 08307 1230.28 0 0 R0 1410276
Jun 1 1 18312 20316 6252360 62524 5124548 1554 52401 0838038 183116 0 0 25188 1190082
Jun 1 I 18309 20323 6251609 62516 G5135.356 1361 5255 0340578 1830.94 0 0 2161319 1231983
Jun 1 3 18309 20333 626172 62515 GMAE4T 12274 B2T24 0843383 1830.9 0 0 2153021 1264222
Jun 1 4 18309 20358 6251575 62516 6131467 12238 5303.8 0343402 1830.93 0 0 2155615 1260614
Jun 1 g 1831 20375 E25134 62518 G2I0.408 12081 53312 0852747 183 0 0 2167479 1244343
Jun 1 E 1832 2040.7 £255134 62552 E253515 1211 53656 0857737 183193 0 0 260846 11564733
Jun 1 7 18468 20611 E305531 63056 5H3IF2TH4 8439 H457.F 036654 184675 0 2291542 0 0876357
Jun 1 8 1948 21889 EE5M31  BBS11 ROFZE23 62935 66022 0952633 194795 0 243363 0 5452305
Jun 1 9 2304 23983 TITHET T2 EEMERZ 3229 GB6E.9 0544017 2130.4 0 Z2EE.E4H 0 0.332587
Jun 1 10 21523 24322 7343835 73488 T197.250 18 F2T4 08322 5229 3371346736 1] 0 0.207854
Jun 1 1 2139 24284 7303236 F303.3 7408337 832 THI7.8 1019674 2138.95 336603163 1] 0 0031878
Jun 1 12 21333 2422.8 7203824 TF283.8 TG 892 TA20 1018F01 213328 336.8305397 ] 0 0091876
Jun 1 13 21286 24146 T2ETIZ TF267.9 TIETER2 892 TIG6.6 1012573 212859 F24EAI9213 ] 0 0.03187E
Jun 1 ¥ 21268 2412.8  TIE1300  T261.8 TIETER2 892 TIGE.6 1014432 2268 334.4452088 ] 0 0.03187E
Jun 1 15 2126.3 2415.5 7259923 TF259.9 T402832 892 THILE 1020912 212625 3248158999 ] 0 0.03187E
Jun 1 16 212008 24069 7422 T2412 TI208 892 TI¥0.Z 012252 212077 JIIE210644 ] 0 0.03187E
Jun 1 17 2138 23944 T274E2 T219.5 TITr.202 892 TI86.1 0935655 282 338981173 ] 0 0.03187E
Jun 1 18 19457 22004 G642517 GE43.5 6494305 2254 6517.2 0920952 194572 3051362024 ] 0 0236282
Jun 1 19 1847 2067.9 6306411 G6I06.4 5R09.226 3752 BB4T.4 0879646 164699 2866329826 ] 0 0.326456
Jun 1 20 18332 20504 62509292 6259.3 H430.753 EES1 B497.6 0873304 1833.19 2842142002 ] 0 0523142
Jun 1 2 183206 20491 G2ET4M 62574 B40E13F 2141 S48F.5 0.87EIET 132 e4 0 2278167 0 0838523
Jun 1 22 18324 20451 6256423 62564  B2G1T4 2371 54415 0869738 183238 0 zraTe 0 0524013
Jun 1 23 18322 2043 6255303 6255.8 6313338 3632 54142 0865461 183217 0 2271352 0 0581736
Jun 1 24 18319 20423 6254337 62549 630563 9361 54052 0864163 18319 0 0 2162608 1025933
Jun z 1 18319 2042 EI54716 62547 5233505 10033 54005 0863428 183185 0 0 2162244 1040137
Jun z IO1831% 20419 6254477 62545 GH2STHB4 10223 53999 0863361 183178 0 0 2E21E 1053587
Jun z 3 18318 20418 6I54375 62544 BH2IE.263 1035 5399.8 0863358 183178 0 0 2162032  1.0BE0S
Jun z 4 18317 20431 6254306 62543 50653 10547 5416 0.365967 183173 0 0 216344 103634
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Al 1 Al 1 Not Including Chiller Includes Chiller
Total Total  Cooling
kv Electric Load Current  Current
includin Electric  convert TOMNS  Total Total Electric  Electric  Current
Total g k' in ed o converts Boiler Therma Thermal id- Current Electric  Cost Mid CostOF  Buoiler
kv Chiller ETU: MBH  dwoMbh Mbh ILoad FRatio On Peak Pk Off Peak CoztOnPeak  Peak Peak. Cost
fMonth  Day Hour kY ETUhr  Mbh Ibh bk Mbh Ktk Ktk kwh
Dlec: il 18127 20043 E1334EE 61895 J93E022  ZERIE 52004 084026 13274 216 70536 1] 0 273ae0e
Dlec H 1 18161 2009 6200302 6200.8 4322974 28718 B270.2 0849915 11606 217214812 0 0 2567954
Dec H 12 1816 2009.5 6200734 62007 5001326 16603 5167.9 0333435 181604 7274648 0 0 170624
Dec H 13 181901 20138 6211285 62113 5042894 168 51346 0826652 181913 277342154 0 0 0544304
Dec H 1 18185 20135 6209065 62091 605274 6233 BN51 0823816 151548 27 6952952 0 0 0642617
Dlec: il 15 18172 20118 6204723 B204.F HORATTZ E388  BI0RF 0822642 1217 217 BlERdar2 1] 0 0EETIEY
Dlec: il 1B 18129 20058  B189310 61899 4982253 13662 51189 082633 13287 Z16.BET03E 1] 0 1407204
Dlec: H 17 1810.2 20019 6180760 6180.8 4935865 13826 H1381 083M3A 18910.19 ZE.4443468 0 0 2042078
Dec H 1% 18085 19988 6174853 GIF4.9 4832133 33039 52826 0855493 180346 2161020936 0 0 4021017
Dec H 18 1808 1997.8 67336 61733 4874181 47567 53499 0366603 1808.01 260032172 0 0 4333400
Dec H 20 18067 1996 £162580 B169 4356163 4403 52965 0363665 180674 H5.8096524 0 0 453603
Dlec: il X 18068 19957 EEIZHE  B1693 4341753 2198 536IF D8EIM2E 130682 0 184208 0 BaTE13E
Dlec: il 22 1BDB.7 19955  E1623I0 BB 4RI7TH7 45742 53362 0964347 130674 0 1347304 0 5123529
Dec H 23 1806 1994.3 6166556 61666 4322066 57099 53931 0374565 180603 0 134682 0 523137
Dec H 24 1805.2 1993.3 6163653 GI63.F 484861 60756 54224 0.8TITH 1805.12 0 0 1435663 6267068

1054061.956 432037 457280 17558
Total

M

Manthly

Demand | Cost of Demand
Maonth |k ¥
Jan 235425 10138 61
Feb 238031 1035482292
Mar 24102 10444 53364
Apr 24274 105154968
May 244164 10577 13445
Jun 2513.75 10915.557
Jul 205244 105717002
Aug 203658 1093846456
Sep ZB02.39 10840.35348
Ot 244177 1057774764
Moy 247254 10711.25988
Dec 236852 10260.42364
tatal $127.441.64
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System A Sample Calculations

2390 kW

2390 kW Jenbacher IC Thermal left

Jenbacher 1C Matural 2390 kW Jenbacher  Engine Thermal left  ower after 0.7

Engiree Elec  Amount of Gaz Matural Gas  Costof IZ Engine Thermal  Thermal el after COF ABS Thermal =till

Cutput Elect. Tozell Grid Payz  bought  bought Matural Gas  Output Cukput Heating Chiller rieaded
fonth  Day Haour AT AT + (AT Therms + (AT bk bk bk bk
Jan 1 1 2330 BET.1E 1761 BEI03Z9 1914323349 197175308 2431 9300469263 2026609362 953.3921995 0
Jan 1 2 2350 BET4E 17B2 BEIN3ZY 1914323343 137175308 2431 8300469363 2020193363 S73.71370M 1]
Jan 1 3 2340 BIT.E T3 BEINIZY 1914323249 197175308 243 Q300469363 B0I23M9363  9BEYIATITZ 1
Jan 1 4 2380 [N 1764 BEIDIZT 1914323249 197175308 243 9300469363 012629363 1087233212 1]
Jan 1 5 2350 638.3 17BE BEIN3ZY 1914323343 137175308 2431 8300469363  B00E.163363 109612677 1]
Jan 1 E 2350 638.3 17BE BEIN3ZY 1914323343 137175308 2431 8300469363 TH90.073363 1171396557 1]
Jan 1 T 2380 Be8.28 TS BEIDIZT 1914323249 197175308 243 9300469363 TIE1199263 102.029024 1]
Jan 1 ] 2390 BET.E2 1TE3 BEIN3ZY 1914323349 197175308 2431 9300469363 2002159363 127899134 0
Jan 1 | 2350 BaT.13 171 BEI0329 1914323349 137175308 2431 8300469363 8022873363 1126.6EGEES 1]
Jan 1 0 2390 585.53 1767 BEI032S 1914323349 197175308 2431 9300459363 2044409353 1095304206 1]
Jan 1 1 2380 G424 1783 BEI0IZT 1914323249 197175308 243 9300469363 2043159363 1085, 241521 1]
Jan 1 12 2350 BE3.57 1751 BEI0.329 1914323349 137175308 2431 8300469363 2054503363 1065729357 1]
Jan 1 13 2350 58326 1760 BEI03ZY 1914323343 137175308 2431 8300469363 2103483363 10E6.530867 1]
Jan 1 4 2340 BEa.0e 1749 BEIDIZI 1914323249 197175308 243 9300469363 THIDATIIED a02.8187738 1
Jan 1 15 2350 58387 17652 BEI03ZY 1914323343 137175308 2431 8300469363  8023.073363 100073131 1]
Jan 1 16 2380 5343 1783 BEI0IZT 1914323249 197175308 243 9300469363 TIOS439363 064712045 1]
Jan 1 17 2350 534.5 17654 BEI03ZY 1914323343 137175308 2431 8300469363 TEEIOTIIED S80.0601043 1]
Jan 1 12 2380 [ 1786 BEI0IZT 1914323249 197175308 243 Q300469363 TIZZEDOIED 939644749 1]
Jan 1 19 2390 BE6.37 1756 BEIN3ZY 1914323349 197175308 2431 9300469363 TEVO.SEIIET 9293304 0
Jan 1 20 2350 536.54 1767 BEIN3ZY 1914323343 137175308 2431 8300469363 T2E7.033363 S16.0327E55 1]
Jan 1 2 2390 5E5.04 1785 BEI0.329 1914323349 197175305 2431 8300459363 TTTIA59363 S16.8062955 1]
Jan 1 2z 2380 BE6.EE 78T BEINIZT 1914323249 197175308 243 9300469363 TSEELTIIED 9139571656 1]
Jan 1 23 2350 586.27 1766 BEI03ZY 1914323343 137175308 2431 8300469363 TET0.883363 921.8403156 1]
Jan 1 24 2350 586.02 17656 BEI03ZY 1914323343 137175308 2431 8300469363 T7H5.7E3363 8517938357 1]
Jan 2 1 2380 G459 1754 BEIDIZT 1914323249 197175308 243 9300469363 THIZ.509263 243822819 1]
Jan 2 2 2380 G429 1786 BEI0IZT 1914323249 197175308 243 9300469363 TH20.239363 L | 1]
Jan 2 3 2350 58634 1766 BEI03ZY 1914323343 137175308 2431 8300469363 7223943363 892397736 1]
Jan 2 4 2350 586.23 1766 BEI03ZY 1914323343 137175308 2431 8300469363 TPELIVHIEZ  827.5TOE423 1]
Jan 2 5 2380 5349 1786 BEI0IZT 1914323249 197175308 243 9300469363 TEZZTEIIED T24.3266001 1]
Jan 2 g 2390 585.92 1788 BEI0.329 1914323349 197175305 2431 89300489363 TEIITIIEI 9455013504 1]
Jan 2 T 2350 636.7 1767 BEIN3ZY 1914323343 137175308 2431 8300469363 TE3IS.0993683  7T7.EEEETYE 1]
Jan 2 E 2350 53493 17656 BEI03ZY 1914323343 137175308 2431 8300469363 TE44.389363  FTA.0398342 1]
Jan 2 ] 2380 56 1786 BEI0IZT 1914323249 197175308 243 Q300469363 TEI4TIOIED 0487992637 1]
Jan 2 0 2380 B33E 1781 BEIDZ29 1914323349 197175308 243 9300469363 TH20.839363 915.092981 1]
Jan 2 1 2380 58154 1745 GEI0323 1914323343 137175308 243 §300463383 TEIEA03363  S36.5466356 1]
Jan 2 12 2350 679.32 1738 BEI03ZY 1914323343 137175308 2431 8300469363 THEZ4D93E3  8TR.OT23EEZ 1]
Jan 2 13 2350 G784 1736 BEI03ZY 1914323343 137175308 2431 8300469363 THIT403363 913.2989212 1]
Jan 2 4 2380 BT 1736 BEI0IZT 1914323249 197175308 243 9300469363 TI0Z.089363  90E.0EERITI 1]
Jan 2 15 2380 B7T.2 1732 BEINIZT 1914323249 197175308 243 9300469363 TI4H.209263 924829154 1]
Jan 2 18 2350 5707 1731 BEI0.329 1914323349 137175308 2431 8300469363 7285763363 8717083308 1]
Jan 2 17 2350 G7E46 1729 BEI032Y 1914323343 137175308 2431 8300469363 72958293683 S90.2547TVE 1]
Jan 2 12 2390 57728 1732 BEI03ZY 1914323349 197175308 2431 9300469363 TETID49363 9833299147 0
Jan 2 19 2380 B75.9 1728 BEI0IZT 1914323249 197175308 243 9300469363 TE5Z.909363 Q625183714 1]
Jan 2 20 2340 BTT.E 1733 BEINIZT 1914323249 197175308 243 Q200469363 TTOT.O49363 9226036906 1
Jan 2 | 2380 G743 1732 BEI03ZY 1914323343 137175308 2431 8300469363  T7EH.313363 212.500379 1]
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2390 K

2300 kN Jenbacher 1T Thermal left

Jenbacher IC Matural 2380 k' Jenbacher  Engine Thermal left  owver after 0.7

Engine Ele:  Amount of Gas Matural Gas  Cost of IC Engine Thermal  Thermal ower after COF ABS Thermal still

Ctput Elect. Tazell Grid Pays  bought  bought Matural Gas  Output Clutput Heating Chiller needed
Month Day Hour (A% kwf ¥ (A% Therms k4 kW bk bk bk Mbh
flay ki | E 2340 559.35 1678 BEW0.323 1914323349 197175308 2431 3300463363 SIF0429363 9249634233 1]
ay A T 2330 54793 1644 BEWD32T 1914323349 197175208 243 2200469363 9ITE.I09263 9354128157 1]
ay A ] 2330 45343 1360 BEWD.329 1914323349 197175208 243 2200469363 TH4E2EAIET  -27V.0ROG1349 2T.RE0G1949
flay ki | | 2340 285.68 857 BEID3ZY 1914323343 197175308 2431 3300463363 5236199363 904393623 1]
Iay ki 0 2330 2704 813 DEI0ZZS 1914323349 197175308 2431 S3004E9363 SZOEMAZEZ  42BM0073 4428140073
ay A 1 2330 26012 TED BEI0329 191432349 197175208 243 2200469363 926THEIIET  T20E153338  TIOEITXINE
flay ki | 12 2340 259.04 TIT OBEID3ZY 1914323343 197175308 2431 3300463363 9277709363 -307.8615494 8075619434
flay ki | 13 2340 259.53 T3 BEID3ZY 1914323343 197175308 2431 3300463363 9234939363 9325280101 8326230101
ay A 4 2330 280,63 242 BEI0329 191432349 197175208 243 2200469363 9200469363 -900.429072 900429072
Ilay ki 15 2390 27788 934 BEI0329 1914323349 197175308 243 3300463363 9300463363 -I040.7E1G22 1040751522
flay ki | 18 2340 27E.E4 830 BEI032 1914323343 197175308 2431 3300463363 9300469363 4708351 14710839
ay A 17 2330 27eH 835 BEI0.329 191432349 197175208 243 2200469363 9200463363 0D27TOEID 1082.TTIERD
ay A 12 2330 46652 400 BEWD32Y 1914323349 197175208 243 2200469363 9200469363 -224.3TETS 224.3TETE
flay ki | 13 2340 BEG.A7 1698 EBE10.323 1914323349 197175308 2431 3300463363 929E.009363 8237531371 1]
Iay kil 20 2330 ohE.0 1674 BEW0.323 1914323343 197175308 2431 B3004E9363 8236089363 300.0355463 0
ay A 21 2330 55954 1679 BEW0.323 1914323349 197175208 243 00469363 1912209363 9323730486 1]
ay ki bl 2340 BE0.12 1620 BEW0.323 1914323349 197175308 243 3300465363 91F0.E09363 517226462 1]
flay ki | 23 2340 BE0.34 1681 BEI0.329 1914323349 197175308 2431 3300463363 S1E4.319363  96BEZEBG3Z 1]
ay A 24 2330 [ 1679 BEW0.329 1914323349 1971752068 243 2200469363 9163549263 9429472128 0
Jun 1 1 2330 Bha.04 1677 BEW0.323 1914323349 197175208 243 2200469363 9124929263 064.1459039 1]
Jun 1 2 2340 559.08 B77 EBEW0.323 1914323349 197175308 2431 8300463363 8120859363 844 E3T0036 1]
Jun 1 3 2390 5531 E77 BEW0.329 1914223249 197175208 2431 2300469363 BIFF.F29262 2210923464 1]
Jun 1 4 2330 554.07 1677 BEW0.323 1914323349 197175208 243 2200469363 9178089263 TTEA943621 1]
Jun 1 5 2340 559 B77 EBEW0.323 1914323349 197175308 2431 3300463363 817FH.E59363 TIB222HTE 1]
Jun 1 E 2340 558.01 1B.74 EBEW0.323 1914323349 197175308 2431 8300463363 8188359363  B83.3383657 1]
Jun 1 T 2330 543.25 1630 BEW0.323 1914323349 197175208 243 2200469363 9215479263 5401155253 1]
Jun 1 ] 2340 44205 1326 BE10.323 1914323349 197175308 2431 3300463363 TUTLNGA3E3  -904.3418301  A04.3418301
Jun 1 g 2340 259.53 779 GBEID32Y 1914323343 197175308 2431 8300463363 B82E8.17I3E3  -14956627E1 1435552761
Jun 1 0 2330 237 TA3 OBEI0Z29 1914323349 197175208 243 2200469363 9280289263 -200150364 200150364
Jun 1 1 2330 251.08 TEX BEI0.329 1914323349 197175208 243 2200469363 9291549263 -2292.503 2292503
Jun 1 12 2340 256.75 TF0 GBEID3ZS 1914323343 197175308 2431 3300463363 8291549363  -22A5TE2323  2296.7E2323
Jun 1 13 2330 26141 T84 BEI03ES 1914323349 197175308 2431 B3004E9363 8291048383 2219420638 2219425633
Jun 1 14 2330 2632 TA0 BEI0329 1914323349 197175208 243 2200469363 092915492363 2219426538 2219428833
Jun 1 15 2340 28375 TA1 BRI03ZS 1914323343 197175308 2431 3300463363 8291649363 2283526833 2283925833
Jun 1 18 2340 2B9.23 808 GEI032S 1914323343 197175308 2431 8300463363 8291549363  -2IEF.447307  21ET.44T907
Jun 1 17 2330 27618 229 BEI0.329 1914323349 197175208 2431 8200469363 82915492363 1961595302 1961595902
Jun 1 13 2390 44428 1333 BE10.323 1914323349 197175308 2431 8300463363 9277629363  -1000.045344 1000043944
Jun 1 13 2340 543.01 1629 EBEW0.323 1914323349 197175308 2431 3300463363 8262949363 3916833348 1]
Jun 1 20 2390 BhE.21 1670 BEW0.329 1914223249 197175208 2431 2300469363 9233659262 475440294 1]
Jun 1 21 2330 BET.36 1672 BEW0.323 1914323349 197175208 2431 2200469363  9219.0592363 436005778 1]
Jun 1 2z 2340 557 BG B.73 EBEW0.323 1914323349 197175308 2431 3300463363 8210.759363 5E5.4153093 1]
Jun 1 23 2330 bh7.a3 673 BEW0.323 1914323343 197175308 2431 8300469363 820549363  EOGB0STE43 1]
Jun 1 24 2330 5521 1674 BEW0.323 1914323349 197175208 2431 2200469363 92008592363 6212885514 1]
Jun 2 1 2340 55318 1674 EBEI0.323 1914323349 197175308 2431 3300465363 9135479363 E23.7HT2616 1]
Jun 2 2 2340 658.22 1B.76 EBEW0.323 1914323349 197175308 2431 3300463363 8193179363 B30.201955 1]
Jun 2 3 2330 Bh2.25 16756 BEW0.323 1914323349 197175208 2431 2200469363 9196969263 E30.87892317 1]
Jun 2 4 2330 Bha.27 16756 BEW0.323 1914323349 197175208 243 2300469363 91949909363 EOS4952T46 1]
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2390 kW
2390 kW Jenbacher 12 Thermal left
Jenbacher 12 atural 2380 k' Jenbacher | Engine Thermal left  ower after 0.7
Engire Elex  Amount of Gaz Matural Gas  Costof IZ Engine Thermal — Thermal ower after COF 2BS Thermal ztill
Cutput Elect. Tozell Grid Payz  bought  bought Matural Gas  Output Cgtput Heating Chiller nesded
MMonth Day Haour (A% kwf ¥ kwf Therms % K bk bk bk bk
D 30 21 2380 RE3TT 1761 BEIDEZE 1914323343 197175305 2431 8300.4E9363  TTHAIRHIER 283.6912664 1]
D 30 22 2380 A4 46 1763 BEI0EZE 1914323343 197175305 2431 8300469363 FVERI0H3E3 269 46538138 1]
D 30 23 2380 hg4.79 1764 BEIDZZE 1914323343 197175305 2431 8300.4E9363  YVES43H3E3 979.4304837 1]
e 30 24 2390 BE6.7E 1767 BEIDZZE 1914323343 1971753205 2431 2300469363 TENHZHIER TE7.4008945 o
D i 1 390 Ga6.61 17.60 GEI03ES 1914323348 187175308 2431 8300469363 TYT2E09363 9244562546 1]
D i 2 390 5a7.1 1761 GEI0ZZY 1914323343 187175308 2431 8300463363 TEI5.2G9363  £73.8385538 1]
D i 3 2390 G636 17.569 BEI0.329 1914323348 187175308 2431 8300469363 TEO4139363  S26.0283684 1]
D H 4 2380 A8E.7H 17.E0 BEIDZZE 1914323343 197175305 2431 8300469363 VEET.O49363 A0 2602288 1]
D H b 2380 AEE.43 1763 BEI0ZZE 1914323343 197175305 2431 8300469363 YVZ0Z09363 286 BOS931E 1]
D H E 2380 A3E.04 1768 BEI0ZZE 1914323343 197175305 2431 8300469363 THELO3S3E: T23.6029954 1]
e H T 2390 GOE4E 1769 BEI0ZZD 1914323349 197175305 2431 8300469363 TYTLTSO3E3 9224069946 o
D i ] 390 G625 17.59 GEI0.329 1914323348 187175308 2431 8300469363 TH4RITIED SE7.443531 1]
D i ] 390 G298 1749 GEI03ES 1914323248 187175308 2431 8300463363 TEET.0G9363  943.0051564 1]
D i 1 2390 GTT.26 17.32 GEI0329 1914323248 187175308 2431 8300469363 8035109363 9836489433 1]
D H 1 2380 A7384 1722 BEIDEZE 1914323343 197175305 2431 8300469363 B01ZZEH3E3 294 7ER4956 1]
D H 12 2380 A73HE 1722 BEIDEZE 1914323343 197175305 2431 9300469363 B134.389363 988.9231945 1]
D H 13 2380 A70.ET 1713 BEIDZZE 1914323343 197175305 2431 8300469363 H208. 7363 1004 BRE3T3 1]
Dhec: H 14 2390 G752 1715 BEI0ZZD 1914323349 197175305 2431 9300469363 235073363 101987552 o
D i 15 390 GTETH 1718 GEI0329 1914323343 187175308 2431 8300469363 3236589363 1036.91565 1]
D i 1& 390 5T 17.31 BEI0ZZY 1914323349 187175308 2431 8300469363 BIG3RTHEINEZ  1M4EZH4TEE 1]
D H 17 2390 5798 1739 BEI032S 1914323349 197175305 2431 8300469363 8102208362 1045.259557 1]
D H 12 2380 AE164 1746 GBEI0ZZE 1914323343 197175305 2431 8300469363 TI0OOTIIER 922322614 1]
D H 13 2380 fE1.83 1746 BEI0ZZE 1914323343 197175305 2431 93004E9363 V24 7IHIER BELERITEE 1]
D H 20 2380 AE32E 1760 BEIDZZE 1914323343 197175305 2431 8300469363 TRE0IGHIER 922 T362EZE 1]
D i 3 390 5313 17.50 GEI0.329 1914323348 187175308 2431 8300469363 TYTLB09263 61710463 1]
D i 2 390 G326 17.50 GEI0.329 1914323348 187175308 2431 8300469363 702039363 2919013932 1]
D i 3 390 53347 17.52 GEI03E9 19143232348 187175308 2431 8300463363 Tr29479363 2408135703 1]
Dec H 24 2390 A4 .82 1764 BEIDZ2E 1914323349 197175308 2431 8300469363 VEH2H0936% 814 5361706 1]
feiisid 1E7ES47. 264 1727255 67
Adjusted for 0Cent sa 120000 300469363 MBEH addedbyt  3H1E519.765
1556947254 | chillertons | 691.705780Z] Therms additior  34185.13755
20936400 Cost additional = FITTE3373
ofm cozts 30005 kilowatt-hour (kiwh)
104652 0.005 Costs with ABS
Savings over original
4827399148
Additianal Payback
Cost [years)
2,890,905 4. 716E152S FE12,919.33
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System A Sample Calculations with Thermal Storage

4 Thermal Storage Using System &
230k
2390 kW Jenbacher IC Thermal left Thermal
Jenbacher IC Mlatural 2290 k' Jenbacher  Engine Thermal left  oner after 0.7 energy that

1 |Engine Elec  Amount of Gas Matural Gas  Costof IZ Engine Thermal — Thermal aver after COF AES Thermal still could ke How much Thermal Still needed

b | Cutput Elect. To zell Grid Pays  bought bought Mlatural Gas  Cwtput Clutput Heating Chiller needed =tored can be utilized to be bought
Month  Dlay Haour b kW kS ¥ kS Therm= ¥ (3% Mbh Mbh Mbh Mbh Mbh
Jan 1 1 2340 GET16 1761 BEIEZY 1914323348 137175305 2431 8300463363 8025603363 953.3921395 i} 533821995 8533921935
Jan 1 z 2390 EET 4G 1762 SEI0329 1914323349 197175305 2431 S300.4G3363  S020.199363 7313700 0 373713700 19271053
Jan 1 ] 2390 6576 1763 GEI0ZZ9 1914323349 197175305 2431 2300469363 SOIZ.319363  986.7327ITR 0 VG TIZTITE 2913838627
Jdan 1 4 2330 52211 17E4 BEIDIZY 1914323349 197175205 2431 920049363 202629363 057233212 0 057232212 24971071239
Jdan 1 |3 2340 5283 17.E5 BENLIZE 1914323343 197175305 2431 9300469363 2006169363 NS E12E77 0 NOAEIZET?  BOB0.ES441E
Jan 1 3 2340 5253 1765 GEIDE2E 1914323343 137175305 2431 8300463363 TAINOTIIES 117 135557 i} WIT 135657 B137.873373
Jan 1 7 2390 556.25 1765 5610329 1914323349 197175305 2431 S300.469363  TAGLIG9363 1102023024 0 02029024 7293905935
Jdan 1 & 2340 BaT.83 1763 BRI 1914323343 137175305 2431 8300463363 003153363 H27 239134 i} N2T.a39134 8427808130
Jan 1 k] 2330 G373 17.61 GEI0IZY 1914323343 197175305 2431 8300463363 B0Z2.87I363 1126.665664 ] 126.GE0664 9554 473855
Jan 1 0 2330 BE663 1767 BEIDEZE 1914323349 197 175306 2431 S3004EITEZ 2044 409363 1096904206 ] 1096 304206 10EE1.3720E
Jan 1 1 2330 52434 1763 BEIDZ2E 1914323349 197 175206 2421 82004E9362 2043189363 10852341621 ] 1055341621 11706 71958
Jan 1 12 2330 52357 1751 BEINZZY 1914323340 197175205 2431 9200469363 2024509363 1068, 729957 0 102729967 12775.440954
Jan 1 13 2340 533.26 1760 GEIDE2E 1914323343 137175305 2431 8300463363 HW03433363 1065580867 i} NEGSR036T  1354.03041
Jan 1 14 2330 583.03 17.43  GEI0329 1914323349 197175305 2431 8300463363 TIAFIATIIEI Q08 HETTIE ] J0BE16773E 749343915
Jan 1 15 2330 58387 1752 GEI0329 1914323349 197175305 2431 8300463363 S023.07I363 1000751311 ] 100078131 1575063043
Jan 1 1€ 2330 6243 1763 BEIDEZE 1914323349 197 175306 24731 S3004EITEZ TAODA3IIIER A0EATIZ045 ] 064712045 1EEET. 1017
Jan 1 17 2330 6248 17.64  BEIDEZE 1914323349 197 175306 24731 83004EITEZ TIEZETIIED 2200801043 ] S20.0501043 17371618
Jan 1 19 2330 BRE1T 1766 BEIDZ2E 1914323349 197 175206 2421 82004E9362 T2 EBI3ER 9396447343 ] 9396447349 12476 T7IEES
Jan 1 13 2330 52537 1766 BEINIZY 1914323349 197175205 2431 9200469363 FETOLEEIZED 2929012784 0 292.9M2Te4 1937069837
Jdan 1 20 2340 535.54 1767 GEIDE2E 1914323343 137175305 2431 8300463363 TEAT.03I3E3 916.0327685 i} FE0I2TERS 20236 T4
Jan 1 21 2390 555.04 1755 SEI0329 1914323349 197175305 2431 8300469363 TTTIS59363 516.506293 0 FIGS0G295S 2H03.53744
Jan 1 22 2390 ES5.66 1767 GEI0ZZ9 1914323349 197175305 2431 3300469363 TFIEG.579363 13 957IEGE 0 F1T957IEGE 22017 49461
Jan 1 23 2390 £85.27 1756 GEI0329 1914323349 197175205 2431 2200469363 FHT0.999363 5212403156 0 9215403166 2293933492
Jan 1 24 2330 525.02 1765 BENIZY 1914323349 197175205 2431 9300469363 FTILTE93E3 9617988257 0 SELTISRIRT  ZITAIZIVE
Jdan 2 1 2340 53453 17654 SR 1914323343 137175305 2431 8300463363 TH2533363 9438228313 i} 2438225313 24634.95653
Jan z z 2390 554.69 1755 SEI0329 1914323349 197175305 2431 S300.46936F  TE20.239363 SE0.TZEIF2 0 SEO.TEEITE 25495658276
Jan 2 ] 2390 55534 1766 GEI0ZZY 1914323349 197175305 2431 S30046936F  TI23.949363 292397736 0 FAZIATTIE  2E388.0205
Jan 2 4 2390 £05.23 1756 GEI0329 1914323349 197175205 2431 2200469363  TTHIATIE3  027.37EE423 0 22T ATEEA2D  2T2IEASE14
Jan 2 ] 2330 6249 1766 BEIDEZE 1914323349 197 175306 24731 83004EITEE TEZZTEIIED T24.3266001 ] V24 326E001  2TI39.73174
Jan 2 E 2330 68692 17.68 BEIDEZE 1914323349 197 175306 24731 S3004EITEE TERILITIIED 3452012604 ] 9452013604 22886628309
Jan 2 T 2330 6267 1767 BEIDEZE 1914323349 197 175306 24731 83004EITEZ TEIZO0993E63 F77GEEETTE ] VTTHEEETTE  29EEZ.14377
Jan 2 ] 2330 554.93 1755 GEI0.329 1914323349 197175305 2431 8300463363 TE44.089363 F73.0358342 ] TTA03EEI42 304421386
Jan 2 k] 2330 53631 1756 GEI0329 1914323349 197175305 2431 8300463363 TE34TII363 948.7I52637 ] 45 TISZEZT 3139098687
Jan 2 0 2330 G836 17.51 GEI03ZY 1914323343 197175305 2431 8300463363 TEZO.839363 915.0983831 ] N5.0353531  32306.03585
Jan 2 1 2330 53154 1745 GEI0329 1914323349 197175305 2431 8300463363 TE3E09363 G86.5406856 ] GEE.D40EEEE 3319263154
Jan 2 1z 2330 87932 17.38  GEI0329 1914323349 197175305 2431 8300463363 TAEZ 459363 878.0723882 ] STS.07Z3E52 3407070332
Jan 2 13 2330 G784 1735 GEI0329 1914323349 197175305 2431 8300463363 TIITA0I363 913.2983212 ] 9192359212 34330.002584
Jan 2 14 2330 57554 1736 GEI032Y 1914323349 197175305 2431 8300463363 TI0Z089363 9068655973 ] 065653973 35596.86874
Jan 2 15 2330 6772 17.32  GEI0329 1914323349 197175305 2431 8300463363 TIH1009363 9245291541 ] 924.8291541 365216373
Jan 2 16 2330 87707 17.31 GEI0EZY 1914323343 197175305 2431 8300463363 TE50.FEII6E3 3717053905 ] STLT0S39058 3769340329
Jan 2 17 2340 57646 1723 GEIDE2E 1914323343 197175305 2431 8300463363 TEISS823363 2902547776 i} 2INZE4TTTE 2353365807
Jan 2 13 2340 577.25 1732 GEIDE2E 1914323343 197175305 2431 8300463363 TETISA363 833299147 i} 3332997 3466957
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Thermal Storage Using Systermn A
2390 kW

2390 kW dJerbacher T Thermal left Thermal

Jenbacher IC Matural 2390 k' Jenbacher  Engine Thermal left  ower after 0.7 energy that

Engine Elec  Amount of Gaz Matural Gas  Cost of IC Engine Thermal — Thermal over after COF AES Thermal still could be How much Thermal Still needed

Clutput Elect. Tozell Grid Pays  bought  bought Matural Gas  Cutput Clutput Heating Chiller needed stored can be utilized to be bought
Month Dy Hour (A% k! ¥ k' Therms ¥ kW bk bk MEh bk MEh
Tlay i ] 2350 2709 813 BEI0.323 1914323349 197175305 2431 83004685363 8266119363 -MZEM0073 442810073 1]
Ilay i 1 2380 26012 TE0 BEINZZY 1914323343 197175205 2431 9300469363 D2ETEEAZEZ  -T20E163338  T20E183338 o
Ilay i 1z 2390 259,04 TOT OBEINZZY 1914323349 197175305 2431 9300469363 D2TT.VRA2EZ -BOT0E19494  B0T0E19494 o
Tlay 3 13 2390 28983 T.T BEI0.329 1914323349 137175305 2431 9300469383 5284999363 -B325290101  @325290101 ]
Ilay 3 14 2380 28068 542 BEI0.329 1914323343 137175305 2431 9300463383 300469363 -300.4259072  G00.429072 ]
Tlay i 15 2350 27788 234 BEI0.329 1914323343 197175305 2431 83004685363 S3I004E9363 040761622 1040761622 1]
Ilay i & 2380 27EE4 230 BEINZZY 1914323349 197175205 2431 2300489363 BR004E93E3 SMTA08291 1470829 o
Ilay i 17 2390 27 835 DEINIZY 1914323349 197175305 2431 8300469363 SIO04EIZEZ  0B2FTVIE3I  1082.FTIE29 o
Tlay 3 12 2390 46552 .00 5B10.329 1914323349 137175305 2431 9300463383 S300469363 -224.37678 22437678 ]
Ilay 3 ] 2380 5E5.497 1698 BR10.329 1914323349 137175305 2431 9300463383 8296009363 237531371 0 8237531371
Tlay 31 20 2330 55501 .74 BEI0.323 1914323343 137175305 2431 53004833683 5236083363 9000385463 0 3000385463
Ilay i 21 2380 65954 €79 BEI0.3Z8 1914223349 197175205 2431 2300469363 BI912Z9363  9323TI0426 0 9323730426
Ilay i 2z 2390 BE0.12 .80 BE10.329 1914223349 197175305 2431 93004693683 SIT0.E0A3E3 oG F2zE4E2 0 9517226462
Mlay kil 23 2330 BE0.34 1681 BEI0.329 1914323349 197175305 2431 8300469363 0164813363 958.6268632 1} 958 6268632
Tlay 3 24 2380 584.72 .79 BR10.329 1914323349 137175305 2431 9300463383 5163549363 9429472123 0 9429472125
Jun 1 1 2330 55584 77 BRI0.323 1914323343 137175305 2431 8300463383 8184929383 8641453033 0 864.1453033
Jun 1 2 2380 BE3.08 E77 BEI0.3Z8 1914222349 197175205 2431 23004E9362 2120859363 2446370026 0 244 B370026
Jun 1 3 2390 5591 E77 BE10.329 1914323349 197175305 2431 9300469363 BITV.F29363 821.0933464 0 B21.0933464
Jun 1 4 2330 559.07 1677 BEI0.329 1914323349 197175305 2431 8300469363 S1TE.089363 TrH.9943621 1} TTE.9943621
Jun 1 5 2380 583 77 BRI0.329 1914323349 137175305 2431 9300463383 817659363 TIB.2224173 0 Ti6.222417%
Jun 1 g 2330 55301 .74 BEI0.323 1914323343 137175305 2431 5300483383 8183559383 6833383637 0 £83.3383597
Jun 1 T 2380 54326 €20 BE10.323 1914222349 197175205 2431 93004E93E83 8216479263 5401158253 0 54011522569 9697507798
Jun 1 ] 2390 442,05 1326 BE10.329 1914323349 197175305 2431 83004693683  TFYFLNO362 9043413301 9043413301 0 8793165968
Jun 1 9 2330 25959 TF9 BEI0.329 1914323349 197175305 2431 8300469363 8268179363 -1495. 862761 1495652761 0 T297 613206
Jun 1 0 2380 237 T3 BEI0323 1914323344 137175305 2431 9300469383 5280289363 -2001.50364 200150364 0 5296103567
Jun 1 1 2330 25105 753 BEI0.323 1914323343 137175305 2431 8300463383 8291549383 -2292.603 2232603 0 3003808567
Jun 1 12 2380 2BE7E T.70 BEIDZZY 1914323343 197175205 2431 230049363 8291549363  -Z296.FEIRZZ 2295.7E2322 0 FO72442432
Jun 1 13 2390 2E14 T.A4 BEIN3ZY 1914323349 197175305 2431 8300469363 0201549363 2210420638 2219425538 ] 156115213 1512
Jun 1 14 2330 263.2 TA0 BE10.329 1914323349 197175305 2431 8300469363 8291549363 2219425538 2219425538 0 2219.425538
Jun 1 15 2380 26375 TA1 BEI0323 1914323344 137175305 2431 9300469383 S291549363  -2283.928833 2283825833 1] 2283925833
Jun 1 16 2330 28923 0% BE10.323 1914323343 137175305 2431 5300463383 SZA1549383  -ZIET.447307  ZIET 447307 1] 2167.447307
Jun 1 17 2380 27618 229 BEID3ZY 1914323343 197175205 2431 2300469363 8291549363 1961555302 1961595302 ] 1961.695302
Jun 1 12 2390 444,28 1333 510329 1914323349 197175305 2431 8300469363 D2TT.E29362  -1000.043944 1000042944 ] 1000.043944
Jun 1 19 2330 543.01 16.29 BEI0.329 1914323349 197175305 2431 8300469363 8262949363 3916833348 1} 3916833348
Jun 1 20 2380 B56.81 B0 BR10.329 1914323349 137175305 2431 9300463383 8233659363 475.440354 0 475.440354
Jun 1 21 2330 55736 72 BRI0.323 1914323349 137175305 2431 8300463383 SZ13.059383 4360087751 0 4360087751
Jun 1 2z 2380 BETEG €73 BEI0.3Z8 1914222349 197175205 2431 93004E93E3  BZI0.7BA2E3 BEG. 4153093 0 BE6. 4153093
Jun 1 23 2390 55783 1673 BE10.329 1914323349 197175305 2431 8300469363 0205149363 6060087043 0 BOE.8087842
Jun 1 24 2330 5581 1674 BEI0.329 1914323349 197175305 2431 8300469363 8200853363 6213386514 1} 6213385514
Jun 2 1 2380 B58.15 74 BRI0.329 1914323349 137175305 2431 9300469383 8199479363 B28.7E72616 0 B28.7E72616
Jun z 2 2330 558.22 .75 BRI0.323 1914323349 137175305 2431 8300463383 8193174383 £30.201955 0 £30.201355
Jun z 3 2380 B52.26 75 BE10.3Z8 1914223349 197175205 2431 93004E93E3  S196.9693E3 E30.8729217 0 E30.8729217
Jun z 4 2390 55827 1675 BE10.329 1914323349 197175305 2431 8300469363 9194999363 6034952746 0 E03.4952746
Jun z 5 2390 55836 75 BE10.329 1914223349 197175305 2431 9300469363 0194549363 E37.2076413 0 E37.2076419
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Thermal Storage Using System A
2390 k!
2380 k' Jenbacher IC Thermal left Thermal
Jenbacher IC Mlatural 2390 k' Jenbacher | Engine Thermal l=ft  cwer after 0.7 energy that
Engine Elec  Amount of Gas Matural Gas  Costof IC Engire Thermal  Thermal ower after COF ABS Thermal =Hill could be Hovw much Thermal Still needed
Clutput Elect. To zell Grid Pays bought  bought Flatural Gas  Cutput Chutput Heating Chiller needed stored can be utilized to be bought
IMonth  Day Hour ki kW ¥ kW Therms % kMt Mbh bk Atk bk Atk
Dec H g 2390 B86.25 1759 BEID323 1914323349 197175205 2431 B300469363  TA4IITIIED 987443391 0 9aT. 4498491
Dec H 9 2390 58293 1749 BEID329 1914323349 197175305 2431 8300469363 TB5T.059363 9430051564 0 9430051564
Dec | 0 2390 5726 17.32 BEI0IZY 1914323249 197176305 2431 2300463363 B03GA09363 9026489423 o 9836480433
Dec | 1 2390 57394 1722 BEIOIES 1914323349 187ATE305 2431 S30046336F 2013289363 89470043365 0 334.7654985
Dec i | 1z 2390 irck: 1 17.22 BEIO3ZE 1914323349 187176305 2431 2300463363  S134.389363 9359231945 ] 3889231345
Dec H 13 2390 Y087 1713 BEI0329 1914323349 197175205 2431 B300.469363 8208739363 1004 655373 0 1004655373
Dec H 14 2390 67152 1715 BEI0329 1914323349 197175305 2431 8300469363 82320739363 101987882 0 019.87882
Dec | 1] 2390 GreTa 1718 BEI0329 1914323349 197176205 2431 23004E9363 523655936 10269155 o 0269165
Dec | & 2390 LT k] 7.3 BEI0329 1914323349 187ATE305 2431 E30046336F  FI6RTE93ET 1046234752 0 1048284758
Dec i | 7 2390 57l 17.39 BE10329 1914323349 187176305 2431 2300463363  S102.209363 1045259557 ] 1045.263557
Dec A 12 2390 50154 1745 BEID329 1914323349 197175205 2431 8300469363 TINO7IIER 9212322614 0 9212322614
Dec H 19 2390 58199 1746 BEI32S 1914323349 197175305 2431 S300.469363 7824799363 BE1LEEETER 0 SE1GRITER
Dec | 20 2390 5326 17.50 BEIOIZY 1914323249 197176205 2431 2300463363  TIEQIEIZET  9Z2.TELIEZE o 9227952626
Dec | 4| 2390 Gk 17.50 BEIOIES 1914323349 187ATE305 2431 300463363 TTTRN093ET ZE1LTI04ET 0 EELTI0463
Dec i | 2z 2390 BE3.26 17.50 BEI0329 1914323349 187176305 2431 8300463363 7303039363 291.9013932 ] 8918013932
Dec A 23 2390 583497 1762 BEID3ZY 1914323349 197175205 2431 S300.469363  TT29479363 S40 8135703 0 S40.3135703
Dec H 24 2390 50452 1754 BEID329 19147323349 197175305 2431 8300469363 TEI2.909363 814 5IG1T0E 0 B4 5361706
127876.25 1EVE947.254  1727255.67
Adjusted for 10Cent savings 120000 3300469363 MBH addedbyt 3418513755 IMEH added bi ZIE4514.745
1556347254 | Therms additior  34165.19765 Therms additic 21545 M4T45
20936400 Cost additional ~ 31FFRE3373 Cost addition: 2012998715
ofm costs 0005 kilowatt-hour [kik)
04652 0.005 Ciosts with ABS Cists with Thermal
Savings owver ariginal Cost Savings
Mak Thermal Stored (MEH) F94EE.92TAZ
4527 399145 Tan-hr 3288 915665
Additional Fayback
Cost [years) 3000 ton hr
2,890,305 4. TIGE1529 $612,919.33
adjusted
payback Additicnal
Additional Fayback including Cost [Chilled  Payback
Criginal Rate Cost [y=ars) savings ik water shorage [years) Savings
1 2.890,305 1074671358 ZRTTEZRE42  1T.T24BE7EE 123408 053350161 11643 64657
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System B Sample Calculations

4 Electric Chiller Option instead of Absarption
Z330 kW
2390 kM Jenbacher IS Thermal left R left ower
Jenbacher IC Matural 2390 kW Jenbacher  Engine Thermal left owver after 0.7 after running  Additional

7 |Engine Elec  Amount of Gas Matural Gas  Costof IC Engine Thermal — Thermal oner after COF AES Thermal still Electric Electricity

¥ | Cutput Elect. To zell GridPays  bought  bought Matural Gaz  Cutput Clutput Heating Chiller needed Chiller Meeded Selling back extra
Month  Day Hour bk (A ¥ ki Therms ¥ A% bk bk bk Ibhk A% ki ¥
Jan 1 1 390 65716 176 BEINIZY 1914323348 197076305 7431 2300469363 B0ZEE093ES 953 3921995 [i] 396,15 [i] 11,5545
Jan 1 2 330 GaT.46 1762 BEING2I 1314323343 197175305 M BI004E3363 2020133363 73 TITOM ] 39547 ] a7
Jan 1 3 330 BAT.6 1763 BEING2I 134323343 137175305 MM BI004EI363 01339363 A9ETIEVATZ ] 39651 ] 115353
Jan 1 4 2330 5aa.1 1764 BEINZZI 1914323343 1971075305 243 BI004EI3ET  SMZE2I3ED 057233212 0 29847 0 113541
Jan 1 5 2330 5883 1765 BEINZ2I 1914323343 1971075305 2431 BI004EI3E3  S0061EBI3ED NOAE12677 0 293,85 0 113955
Jan 1 E 2330 5083 1TES BEINZ2I 1914323343 197075305 2431 BI004ES3ET  TIA00TIZED 7195657 0 400,33 0 120033
Jan 1 T 2230 522,28 1B BEINI2I 1914323249 197175305 2471 BI004ESIET  TAELIR9ZED 0z.0zanz4 0 400,55 0 12,0166
Jan 1 2 2330 BaT.83 1763 BEINZ2I 1914323343 1971075305 243 BI004EI3E3 8008153363 N27.299134 1] 258371 1] 113912
Jan 1 ] 2330 BA713 7B BEINZZY 194323343 1971075305 243 BI004EI3ET  B02Z BTIRED 1126 BESERY 0 e o 0 13604
Jan 1 10 Z230 525,63 1TET BEINZ2Y 194323249 197175305 2471 BI004ESIET  B044.4093E3 1096904205 0 39E.05 0 11.2215
Jan 1 1 2230 524.34 1752 BEINZ2Y 194323249 197175305 2471 BI004ESZET 2042169367 1065241521 0 394.04 0 ez
Jan 1 1z z230 52367 1761 BEINZZY 194323343 197075300 471 BI004ESIET 2084603363 0EZTIIAGT 0 -l 0 nr
Jdan 1 12 praci: 1) BE3.26 1760 BEIOZZI 1914323343 197 176308 2431 83004E9363 8103439363 10EBE202ET a 39194 a 1.7582
Jan 1 14 330 5a3.08 1743 BEING2I 1914323343 137175305 M3 BI004EI36T  TIIAITAED  A0EHETTIE ] 39192 ] 117576
Jan 1 15 2330 5387 1752 BEINZ2I 194323343 197175305 243 BI004EI3ET 20230736 100078131 0 29287 0 11.7861
Jan 1 16 2330 6843 1753 BEINZ2I 1914323343 197075305 2431 BI004ESIET  TIOGA3IIET A0EATIZ045 0 29378 0 11.8134
Jdan 1 1 praci: 1) 624.2 1764 BEIDZZI 1914323343 197 176308 2431 83004E9363 TEE3GTIZED 280.0501043 a 394.53 a 18377
Jan 1 13 330 53517 1756 BEI0G2I 1914323343 137175305 M3 BI004EI36T  TIZZEGIZEI  A396447343 ] 33497 ] 13431
Jan 1 13 330 G637 1756 BEI0G2I 1914323343 137175305 M3 BI004E3363 TETOSGIZE3 293a013334 ] 395.3 ] 1553
Jan 1 0 2330 586,54 1757 BEINZ2I 1914323343 1971075305 243 BI004ES3ET  TRAT.O3IIET  HE032VERE 0 295,58 0 18674
Jan 1 21 2330 5a6.04 1756 BEINZ2I 1914323343 197175305 241 BI004ESIET  TEVIEEI3EI  BIE.8062938 0 355.4 0 1862
Jan 1 2 2330 Ba56.EE 17ET BEINZ2I 1914323343 197075305 2431 BI004ES3ET  TREGATIZED 912 957 1B6E 0 2961 0 1883
Jan 1 2 2230 525.27 1756 BEINI2Y 194323249 197175305 2471 BI004ESIET  TET0.2093E2 9218402158 0 395,78 0 nerze
Jan 1 4 z230 526,02 1750 BEINZZI 194323343 197175300 431 BI004EIIET  TYASTRAZED 3617982347 0 395,65 0 118665
Jdan 2 1 praci: 1) 684.53 1764 BEIDZZI 1914323343 197 176308 2431 83004E9363 712699363 S43.8228319 a 39468 a 18404
Jan 2 2 380 Ga4.89 1766 BRINZZA 1314323348 187175306 M3 BI0N4EAZET  TRR0.Z3IAZED 2B0.72E17H ] 35518 ] 112542
Jan 2 3 330 5a6.34 1756 BEI0G2I 1914323343 137175305 M BI004E3363  TE2343363 2AEIATTIE ] 39618 ] 115854
Jan 2 4 2330 5623 1756 BEINZZI 1914323343 1971075305 243 BI004ES3ET  TPELIVAIEI  BRT.IVEE4ZY 0 396,22 0 118865
Jdan 2 =1 praci: 1) 624.9 1766 BEIOZZI 1914323343 197 176308 2431 83004E9363  TEZZTEIZED T24. 3286001 a 39641 a 18923
Jan 2 E 2330 585,92 1758 BEINZ2I 1914323343 1971075305 243 BI004ESIET  TEILITAZED 9458013504 0 39769 0 18307
Jan 2 T 2230 BEE.T 1TET BEINZ2Y 194323249 197175305 247 BI004ESIET  TEIL0993EZ  FYTHEEETTE 0 297.98 0 19294
Jan 2 i 330 5a4.93 1756 BEI0Z2I 1914323343 137175305 M3 BI004E3363 TE44.809363 TTA0IEE42 ] a7 ] 1513
Jan 2 ] 2330 585.11 1756 BEINZ2I 1914323343 1971075305 241 BI004ESIET  TEI4TIGED 9487982637 0 29707 0 naet
Jdan 2 10 praci: 1) G236 17.61 BEIOZES 1914323349 197 176308 2431 83004E9363  TE2I.E33E3 916.0333831 a 394.78 a 18434
Jan 2 il 330 53154 1745 BEING2I 1914323343 197175305 M3 BI004E3363  TE3IRI09363 2065456256 ] 39202 ] 17606
Jan 2 12 Z230 579.32 1728 BEINI2Y 194323249 197075305 247 BI004ESIET  TSEZ4B93EZ  ovROvazes 0 383.08 0 nETZY
Jdan 2 12 praci: 1) a7a.41 1736 BEIDZZI 1914323343 197 176308 2431 83004E9363  TIIF409363 9192389212 a 3879 a ME37
Jan 2 14 2330 57854 1736 BEINZ2I 1914323343 1971075305 241 BI004ES3ET  TIOZ0893E3  A0EBEERIT 0 28807 0 116421
Jan 2 15 2230 BT.2 1732 BEINZ2Y 194323249 197075305 2471 BI004ESIET  TI412093E3 9248291541 0 30 0 15892
Jan 2 16 330 577.07 7.3 BEING2Y 194323343 137475305 M3 BI004E3363 TEAG.TEIGE3  ATITOS3302 ] 38624 ] 115472
Jan 2 7 2330 G746 17.29 BEINZ2I 1914323343 197175305 241 BI004ESIET  TEASE2I3EI  BO02E4VTTE 0 28674 0 nevzz
Jdan 2 12 praci: 1) 67725 1732 BEIDZZI 1914323343 197 176308 2431 83004E9363  TFETIH493E3 BE3.3299147 a 3869 a 1Ee07
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Electric: Chiller Option instead of Absorption
2300 K

20 kW Jenbacher IC Thermal left ke left ower

Jenbacher IC Platural 2390 k' Jenbacher  Engine Thermal left  ower after 0.7 after running  Additional

Engine Elec  Amount of Gaz Matural Gas  Costof IC Engine Thermal — Thermal over after COF aBS Thermal =still Electric Electricity

Olutput Elect. Tosell Grid Pays  bought  bought Matural Gas  Output Clukput He ating Chiller reeded Chiller Mesded Selling back extra
Month  Day Hiaur k' k' * k' Therms * k' bk Mbh bk Mbh k' ki k3
May | 2 2390 BE34E 1672 BEINIZI 1914323349 137.175208 2431 2300463263 2ET.209263 923133440 0 3E0.63 0 02177
May | 3 2390 BEa.4 1672 BEINIZI 1914323349 137.175208 2431 2300463263 21TOLEIED . 2423061 0 JE0EE 0 10,8198
May il 4 2390 55934 1675 BEI32I 1914323349 197.175308 2431 B300463363  S1TZ.239363 00417 0 36104 0 08312
May i & 2390 55942 B78 BEINIZI 1914323349 197.175305 2431 BI004EI363  B170ATIIEI 9152254587 0 36147 0 05441
Iay a1 E 2330 559,35 678 BEINIZA 1914323349 137175305 2431 BI004BI3E3 BITO429363 9249534289 0 3E1LET 0 10.3483
Iay a T 2330 G47.98 1644 BEINIZA 1914322349 137175305 2431 BI004E3363 2176393363 935 4128157 0 36036 0 LR
May i i 2380 45343 1360 BEIOZZA 1314323343 137175305 2431 BA004GI3E3 TH4EZEGAIET  -2TEOOGIR49  2YAG0OS1R43 24318 1] TA44s
May | 3 2390 220.EE 857 DEWNZZI 1914323348 137.175208 2431 2300463263 22IE1993E3  A04E393623 0 E7.H 0 2.0ez
May il 10 2390 270a G030 DEIZED 1914323340 197.175308 2431 B300463363  S200M9363 42500073 4425130073 40,13 0 12054
May i 1 2390 26012 T80 BEWL3Z 1914323348 197.175305 2431 BI004BI363  B2ETHEAIEI -TROEIGIZIR TROE153338 2276 0 06328
Iay il 12 2390 259.04 TIT O BEWL3Z 1914323348 197.175305 2431 BIN04BI363 B2TT.7HA3E3 -D0T.BE19434 2072613494 1943 0 053249
Iay a 13 2330 258963 779 BEINLZZ 1914323348 137175305 2431 BI004BI3E3 B284.998363 8326230101 932523010 13.18 0 05754
May i 14 2380 28068 42 GEINEEA 1914323348 137175305 2431 200463363 300463363 300423072 00423072 3758 1] 11277
May | 15 2390 2rr.es 834 DEIZZI 1914323348 137.175208 2431 200463363 2200469263 -I0407EI62Z 1040751622 343 0 0.9447
May | & Z2a0 2TEEY 82300 DEWIEI 1914223348 197.175208 2431 200469263 2300489362 RLLLTR ) R L e | Zre 0 02319
May i 7 2390 27 835 BEWL3Z 1914323348 197.175305 2431 BI004B3363  B3004E9363 -08277IE39 032779639 i) 0 09522
Iay il 12 2390 46652 .00 BEINZ2ZI 1914323349 197.175305 2431 BI00463363  B3I004E69363 224 3TETR 224 3TETE 23472 0 Y96
Iay a 13 2330 BE6.97 1698 BEINIZA 1914323348 137175305 2431 BI004E3363 8296003363 S23TENIT 0 36289 0 10.8867
May il 20 2340 B6%.01 674 BEIOIZA 13143223348 137175308 2431 BI00463363  B23E.089363  A00.0325469 1] 3628 1] 107643
May | 21 2390 55454 1673 BEIZZI 1914323349 137.175208 2431 200463263 BINZZHIET AILITIO4E 0 pel: ] 0 08717
May | 2z Z2a0 BEDIZ 1880 BEIOZZI 1914323249 197.175208 2431 200469263 21T0EDIIED 9E.T2IE4E2 0 3628 0 09142
May i 23 2390 BE0.34 1681 BEILI2I 1914323349 197.175305 2431 BI004B3363  BIE4.819363  953EZEEEIZ 0 3643 0 m5z9
My i 24 2390 55972 673 BEINI2ZI 1914323349 197.175305 2431 8300463363 B1E3549363 9429472128 0 36295 0 10.3888
Jun 1 1 2390 558.84 EFT BEIOZ23 1914323344 197.175305 2431 B300463363 3184929363 264.1453033 1] 35845 1] 10,7535
Jun 1 2 2340 BE4.05 77 BEIOZ23 1914323348 137175305 2431 3300463363 2180854363 8446370036 1] 38774 1] .73z
Jun 1 3 2390 BEA1 77 BEIOZZE 1914323349 137.175208 2431 2300463263 277729263 210933464 1] 30ET 1] 0.7
Jun 1 4 2290 5907 77 BEIOZZI 1914323249 197.175208 2431 BI004E32E3 2172089362 7709943821 1] 354,26 1] 10,6275
Jun 1 & 2390 559 B77 BEIZ2I 1914323349 197.175305 2431 8300463363 2179653363 7362224178 1] 35244 1] 105747
Jun 1 3 2390 562,01 674 BEINZ23 1914323349 197.175305 2431 B300463363 2182359363 833383537 1] 3433 1] 10.4793
Jun 1 T 2390 54325 1630 BEINZ23 1914323344 197.175305 2431 BI00463363 8215473363 5401158259 1] 32884 1] 48667
Jun 1 2 2340 44205 1326 BEIO323 1914323344 137175305 2431 BA004BI3E3  TTTIMA3EZ  -G04.34183001 043418300 20109 1] E0327
Jun 1 a 2390 25953 .79 DEWEEI 1914323348 137.175208 2431 B3004E33E3  B2ELITHIZEZ  -490BG2TEl  149B.56ZVE] -2 & o
Jun 1 0 2390 23T T2 GEWEED 1914323348 137.175208 2431 2300463263 H200.289363 -200160364 200150364 -42.22 4222 o
Jun 1 1 2390 25108 TH3 BEWL3Z 1914323348 197.175305 2431 BI004E3363 3291549363 -Z2292.503 2292503 3842 3842 I}
Jun 1 12 2390 28675 TP0 BEWL3ZY 1914323349 197.175305 2431 BI004B3363  B291549363 2295 7E2323  2R9GTVERIZR 3281 e I}
Jun 1 13 2390 26141 T84 BEWL3Z 1914323348 197.175305 2431 BI004B3363 8291548363 2219425638 2219428638 -24.E1 2461 I}
Jun 1 14 2390 263.2 A0 BEWL32 1914323348 197.175305 2431 BI004B3363 8291548363 2219425638 2219428638 -22.82 2282 I}
Jun 1 15 2390 26276 .91 GEWZED 1914323348 137.175208 2431 B3004E33E3  B2AD4BET 228020033 2222920812 -26.44 25.48 o
Jun 1 18 2390 26923 208 DEWZZI 1914323348 137.175208 2431 2300463363 B2AD4BET  -ZIET.M4TI0T  ZIET.44TA07 -1EET 1887 o
Jun 1 7 2390 27E1S 829 BEWL32Y 1914323349 197.175305 2431 BI004B3363 8291549363 1961595802 1961535902 444 444 I}
Jun 1 12 2390 44428 1333 BEIN323 1914323349 197.175305 2431 BI004BI363  F2FTH2H3E3 1000043944 1000043944 18863 1] B.EGEY
Jun 1 13 2390 54301 623 BEINZ2I 1914323344 197.175305 2431 B300463363  B2E2.949363 3916833348 1] 32212 1] 3EE3I6
Jun 1 20 2390 56681 E70 BEINZ23 1914323344 197.175305 2431 8300463363 B233 653363 ATH 440394 1] 33957 1] 101871
Jun 1 21 2390 BEY.2E B72 BEIZZE 1914323349 137.175208 2431 2300463263 2219053363 4360067 7S 0 34082 0 10,2276
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Electric Chiller Option instead of Absorption
2390 kv
Jenbacher IC Thermal left ki left ower
Matural 2390 k' Jenbacker  Engine Thermal left  ower after 0.7 afterrunning  Additional
Amount of Gas Matural Gas  Costof IC Engine Thermal — Thermal aver after COF AES Thermal =till Electric Electricity
Elect. To =ell  Grid Pays bought  bought Matural Gasz  Output Ckput Heating Chiller needed Chiller Meeded Selling back extra
Month Day Howr kW $ K Therms E k' bk bk bk Mbh k' k' %
Dec 30 24 BE6.7E 1767 GEID.329 1914223349 1971753205 2431 8300469363 TENO2936T  FOT4005345 0 39818 o 19454
Dec i | 1 5a6.61 1T.60 BEI0.323 1914323349 137.175305 2431 8300483363 TYTZ.809363 9244682048 0 39313 ] 14733
Dec i 2 5871 1FE1 BE10.323 1914323349 197175205 2431 8300469363 TEIS.259363 738385505 1} 40017 0 12.0051
Dec | 3 BEE.E 17.69 GEID.323 1914323349 1971753206 2431 2300469363  TEG4199363  B2E.02IED4 0 393.29 o 19787
Dec i | 4 BEE.TI 1760 BEI0.323 1914323349 197.175305 2431 8300489363 TEEV.049363 8602602236 0 39355 ] 1153935
Dec N 1 G8E6.43 1759 GE10.323 1914323349 1971753205 2477 8300469363 Tr20.209363 286059516 1} 399.25 0 19775
Dec H 3 BaE.04 17.68 GEI0.323 1914323349 137175306 2431 8300489363 TOOLO0993ET  TEIBOZAIL4 0 39598 0 19834
Dec i T G86.4E6 1759 GE10.323 19143233439 197175205 243 8300469363 TYVITOO36ED 922 4063346 1} 398.96 0 1.9688
Dec | 8 BEE.2D 17.69 GEID.329 1914223349 1971753205 2431 8300469363 743179363 987.449291 0 39862 o 19526
Dec | a Ba2.98 1743 GEI0.323 1914323349 137.175305 2431 8300483363 TEG7.059363  945.0051564 0 39407 1] 1.82651
Dec i n ATT.26 1732 BE10.323 1914323349 197175205 243 8300469363 8035109363 9836429433 1} J86ET 0 15701
Dec | 1 67294 17.22 BEID.323 1914323349 1971753206 2431 2300469363 2012289363 8947604325 0 38099 o 14297
Dec i | iz 67396 1F.22 BEI0.323 1914323349 197.175305 2431 8300489363 9134389363 928.9231345 0 38046 ] 14138
Dec N 13 A70.87 1713 BE10.329 1914323349 1971753205 2477 8300469363 9208709363 1004 655373 1} avEI8 0 1.2854
Dec H 14 g Lol 1715 GE10.323 1914323349 137175306 2431 8300489363 $2ID0TAIET ma.a7as2 0 37654 0 2362
Dec i 15 a72.79 1718 BE10.323 1914323349 197175205 243 8300469363 9236 509363 10369155 1} aras 0 11.3457
Dec | & [Tk 1.3 BE10.329 1914322249 1971753205 2431 8300469363 SIE3.7E9363 1046234758 0 a4z o 11526
Dec | 7 573.81 1753 BE10.323 1914323349 137.175305 2431 8300483363 8102.209363 1045253557 0 etz A || 1] 16433
Dec i 1 58154 1745 GBE10.323 1914323349 197175205 243 8300469363 TII0.07S363 9212322614 1} 9122 0 17366
Dec | ] BE1.939 P46 BEID.323 1914323349 1971753206 2431 2300469363 TEI4.7I93ET SE1LE2IVEZ 0 39213 o 1.7EE7
Dec i | 20 BE3.26 17.60 BE10.323 1914323349 197.175305 2431 8300489363 THE0169363  922.THG2E26 0 393498 ] 11.51594
Dec N il 58318 1760 GE10.323 1914323349 1971753205 2473 8300469363 TYYO.E09363 BE1LTI04E2 1} 39432 0 1.8296
Dec | 2z BE3.2E 17.60 BEID.323 1914323349 1971753206 2431 2300469363 TEO2.039363 2918012932 0 39451 o 18362
Dec i | 23 BE3AT 17.62 BEI0.323 1914323349 197.175305 2431 8300489363 TY2479363 9403136703 0 39568 ] 18704
Dec | 24 bad.az 17.54  GEID.329 1914223349 1971753205 2431 8300469363 TEIZO0936T BM.E3E170E 0 39674 o nanzz
127876.25 1678347.254 172725567 4853393
Adjusted for 10Cent savings 120000 9300 469363 MEH added byt 3416519.755 $6,450.16 E71414.74
weseas7. 264 [ Therms additior  34165.19755
Cost additional -~ 3177363373
$0.005¢kil o att-howr [kwh)
0.00% Ciosts with AES Cists with elestric Chiller
Savings over ariginal Savings over ariginal
4827.399148
Additional Fayback Additional Fayback
Cost [years) Cost [years)
2,890,905 4 TIEE1529 $612,919.33 2483717 55 427 $681,781.29
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System C Sample Calculations

4 Cover Base with ABS rest with Elect, Chiller
2390k
Jenbacher IC Thermal left Thermal left Thermal Electricity left
2390 kW Jenbacher  Engine Thermal left  ayer after 0.7 ower after 0.7 Meeded Electrizity left over from  ower after

1 | Amount of Matural Gas  Costof IC Engine Thermal — Thermal ower after COF 8BS Thermal =rill COF ABS Thermal still Converted o owver production tobe  electric chiller

b |Elect. To sell Grid Pays bought Fatural Gas  COueput Cutput Heating Chiller needed Chiller Fleeded k! uzed on electric chiller  [COP £.1)
Month Day Hour bk k3 Therms ¥ (A bk bk Mbh Mbh Mk Mbh (A (A (A
Jan 1 1 BaT.1E 7Bl 1914222349 197175305 2431 2200469263 2025609263 9533921995 0 9533021995 0 0 BETIE BATIE
Jan 1 2 BAT 46 1FE2 1914323349 197175305 2431 8300469363 B020.193363 731700 0 7313700 0 0 BaT4E BaT A6
Jan 1 2 BATE 17E3 1914323349 197175305 2431 B30046E363  BOI3MIZET  BRETIZVITZ 0 BB TIZVEVZ 0 0 BETE BT E
Jan 1 4 5281 1764 1314323349 197175305 2431 B300463363  S0NZE23363 067 233212 ] 067 233212 ] i 5as.i 5as.1
Jan 1 5§ G383 1766 1914323348 197176305 2431 E3004BE363 006163363 HOAEIZE77 ] HOAE1Z677 ] i 6833 6333
Jan 1 [ 53] 17E5 1914323348 197175305 2431 S3I004EIIEZ 7HA00TIZES 1117 195657 i 117 195657 i ] B38.3 [k
Jan 1 T BO2.26 1FES 1914323249 197175305 2431 2200469263 TIE1129263 noz.nzanzy 0 n0z.0zanzy 0 0 522.25 522.25
Jan 1 i BAT.83 1763 1914323349 197175305 2431 B300463363  B008153363 127539134 ] 127339134 ] i Ba7.83 5a7.83
Jan 1 ] BaT13 1761 1314323348 197176305 2431 E3004BA363 8022 ETAZED 1126 BRGERY ] 126 BRGERY ] i BaT13 BaT13
Jan 1 10 =ik TRET 1914323249 197176305 2431 2300463363 2044403363 098,304 208 0 1096304208 0 0 526.63 526.63
Jan 1 1 B4.34 1752 1914323249 197175305 2431 2200469263 2042169263 10586, 341521 0 1056341521 0 0 524.24 524.34
Jan 1 12 BELET 1WA 1914323348 197175305 2431 8300469363 9054503363 B2 723957 0 1062723957 0 0 53367 53367
Jan 1 13 BA3.26 1760 1914323349 197175305 2431 B3004EE363  BI03 483363 0BS5S SR0ZET 0 10ES SE0SET 0 0 58326 5326
Jan 1 14 53308 17439 1914323349 197175305 2431 B300463363  TA3ATAIEI A0 HETTIE ] 03 HETTIE ] i 5a3.08 5a3.08
Jan 1 15 BO1ET 1752 1914323349 197175305 2431 8300469363 S02307I363 00072121 0 non.Fe1En 0 0 5387 5387
Jan 1 16 G343 1753 1914323349 197175305 2431 B300463363  TA05433363 A06 4712045 ] A06 4712045 ] i 5543 5543
Jan 1 17 5348 1754 1914323349 197175305 2431 8300469363 TEEIATAIED BE0.0501043 0 2800501043 0 0 5848 5048
Jan 1 18 53517 1756 1314323349 197175305 2431 B300463363 TA2ZEB3363 A3E447I48 ] 36447349 ] i 52517 52517
Jan 1 13 635.37 1766 1914323348 197176305 2431 E3004BA363 TRTOEEAZED #33A018354 ] 2338018354 ] i B36.37 63637
Jan 1 20 62654 TRET 1914323249 197176305 2431 2300463363 TIET.0IZED FE.0IZTESD 0 JIE.03ZTESD 0 0 526.64 526.64
Jan 1 21 BEB.04 1765 1914323249 197175305 2431 2200469263 TITISGO2ED F1E.2062988 0 2162062908 0 0 526,04 526.04
Jan 1 22 BO5.EE 1767 1914323349 197175305 2431 8300469363 TRESATAIED 9129571656 0 129571655 0 0 Ba5.EE BE5.EE
Jan 1 23 585.27 1756 1914323343 197175305 2431 B3004EE363  TRT0SRIZED 9218403156 0 921240156 0 0 5627 5627
Jan 1 24 585.02 1755 1314323349 197175305 2431 B300463363  TTIETHIIEI #51.7955367 ] 251.7955357 ] i 5a6.02 5a6.02
Jan 2 1 534.58 1754 1914323348 197176305 2431 E3004BE363  TRIZHAA3EI 4T RZIEHA ] 24T E2ZEHA ] i 5a4.59 5234.59
Jan 2 z 62429 1760 1914323249 197176305 2431 2300463363 TI20.239363 SED.FZEIT21 0 SED.TZEITEY 0 0 524.89 524.89
Jan 2 2 BOB.34 1786 1914323249 197175305 2431 2200469263 TI22949267 289239776 0 202397736 0 0 525,234 525,34
Jan 2 4 BE5.22 1786 1914323349 197175305 2431 B300469363  TPELITAZED  BRT.ITEE423 0 8273786429 0 0 G623 58623
Jan 2 5§ G349 1765 1914323349 197176305 2431 ZI004BA3E3 TEZZ TEAZED 724 3286001 ] 724 3286001 ] i 5349 5343
Jan 2 [ 555.92 1758 1914323349 197175305 2431 B300463363  TE3ILITAI6I 245 2013504 ] 3455013504 ] i 5a6.92 5a6.92
Jan 2 7 535.7 1757 1314323349 197175305 2431 S300463363  TEIG0AIIEI VTTEEEETTE ] TTTEREETTE ] i 535.7 535.7
Jan 2 2 504.92 1755 1914323349 197175305 2431 B300469363  TE44.883363  YTI03BO342 0 V70388342 0 0 534,93 5a4.93
Jan 2 ] 5a5.31 1756 1914323343 197175305 2431 B30046E363  TEI4TIZED B4R TOEZERT 0 487982637 0 0 58531 58531
Jan 2 10 G836 1WA 1914323348 197175305 2431 8200469363 7823833363 H16.0989831 0 16038983 0 0 BE1E BA1E
Jan 2 1 52154 1745 1914323249 197175305 2431 2200469263 TEIE093EZ  D9EE4BEIGE 0 226 5466258 0 0 52154 52154
Jan 2 12 67832 1738 1914323249 197176305 2431 2300463363 TIEZ4BAZED  ITR.OVZIEEZ 0 ars0TzIEez 0 0 673.32 679.32
WJan 2 12 a7eH 1735 1914323349 197.176306 2431 8300469363 TIIT409363 919.2989212 a 919.2989212 a n a7E4 a7E4
Jan 2 14 67254 1736 1914323348 197176305 2431 E3004BE363 TAOZ0B33E3 A0NEEEGAATA ] A0E.2REAT ] i 67254 67254
Jan 2 15 5772 1732 1914323349 197175305 2431 B300463363  TAHB03363 G24.8291541 ] 924 8291541 ] i 577.2 5772
Jan 2 16 57707 1731 1914223344 197175305 2431 8300469363 7RO5TEIZED #717053908 0 8717053908 0 0 BPT.07 57707
Jan 2 17 GYE4E 1729 1914323349 197175305 2431 S300469363  TRORE23363  BA02G4YTTE 0 BA0.254777E 0 0 B7E4E B7E4E
Jan 2 18 BYT.26 1732 1914323349 197175305 2431 B3004E9363  TRTIE49363 B83.3299147 0 BEI3299147 0 0 B77.25 577.28
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Ciover Baze with ABS rest with Elect. Chiller
2390 kw
Jenbacher IC Thermal left Thermal left Thermal Electricity haft
2390 k' Jenbacher  Engine Thermalleft  awer after 0.7 over after 0.7 Meeded Electricity left over from  over after
Amaunt of Matural Gaz  Cost of IC Engine Thermal — Thermal ouer after CoP ABS Thermal =till CoP ABS Thermal =till Converted toe ower production tobe | electric chiller
Elect. Tasell Grid Fays bought Matural Gaz  Output Clutput Heating Chiller needed Chiller Meeded (A uzed on electric chiller  [COF E.1)

Month  Day Heour kit ¥ Therms ¥ ki Mbh Mbk Mbh Mbk Mbh Mbk kit A% ki

ay | m pk: ] 813 1914323348 197176306 2431 BG004B9363 8206119363 44280073 442.3140073 SA42 340073 4428140073 1296891624 P08 498394832
Iay H 1 26012 TA0 1914323349 197175305 2431 2300469363 S2ETHEOIED  -T20E1B3330 T20.6193M3E STE0EE3E V206153328 210502159 26012 225.521604
ay | 1z 263.04 TAT 1914323348 197175306 2431 B3004B9363 S2TT.VEA3E3  -B0TSE13434 2072619494 -307.86194594  BOT.BE19494 23EE025E84 269.04 2202526937
May | 1 269.52 TTY 1914323349 197175305 2431 B300469363 0284999363 -D325290101 8325290101 -832.5290101 83529011 2438269338 269.52 2195583715
ay 3 14 EE0.6S 42 1914323345 137176305 2431 Z300463363 5300469383 -300423072 40042307 -300. 423072 300423072 2R3.T131845 E0GE  Z3V.4483337
Iay | 15 27788 B34 1914323349 197175305 2431 2300469363 SI00469363 040751522 1040751522 -1040.751522 1040751522 04810102 27788 227.9M308
Iay | 1 2TEE4 830 1914323349 197175305 2431 #300469363 5300459383 ST4TI0833 14TI083 -T47.105391 1147108391 335.95337 ETEB4 2215846934
ay | 17 27831 B35 1914323348 197175306 2431 B3004B9363 S3I00469363 1082773639 103277633 032779639 1082.773639 3171130869 2T IPE.32I2E44
May H 2 4EE.52 .00 1914323349 197175306 2431 2300469363 300469363 -2243TETR 2243767 -2243TETR 2243767 ELTM4M4045 4EE52  460.T4TIDES
ay | 1 BEG.AT 1638 1914323349 197175305 2431 B3004E9363  S296.009363 B23.7631371 ] B23.7631371 0 0 BEG.AT BEG.AT
Iay H 20 55801 1E74 1914323249 197175208 2431 2300469363 S2IE009363 4000385459 0 900.0355469 0 0 55801 55201
ay | | 563.54 179 1914323349 197175305 2431 BI004B9363  S191.229363 9323730436 ] 932 3730436 0 0 563.54 569.54
Iay H 2z BE0.12 1650 1914323349 197175206 2431 2300469363 MTOE093EZ  OGITI2E462 0 951 TZ2E462 0 0 BE0.12 BEDIZ
ay | 23 GE0.34 16.81 1914323349 197175305 2431 B3004B9363  S164.919363 9586268532 ] 968 6268532 0 0 GE0.34 GE0.34
Iay | 24 5E9.72 1679 1914323349 197175305 2431 2300469363 FIEID493E3 S429472128 0 9429472128 0 0 5E9.72 5Ea.Y2
Jun 1 1 B53.84 77 1914323349 137175305 2431 F300469363 F194.929363  564.1453039 1] 264.1453033 0 0 B53.84 B53.84
Jun 1 2 5E3.0E 77 1914323243 197175305 2431 2300489363  P20.8693E2 8446370026 ] 244 BIT003E 0 0 5E3.0E BEA.0E
Jun 1 3 Bh31 E77 1914323343 197175308 2431 2300469362  HITTF29362 0210923464 ] S21.0933464 0 0 Bh31 5531
Jun 1 4 5E3.07 .77 1914323343 137175305 2431 BZ3004B9363 HITR089363 V769943621 i] 7759943621 0 0 5E3.07 5E3.07
Jun 1 5 559 E77 1914323343 197175308 2431 2300469362  HITOEEA3E2  YIE2Z24178 ] 7362224178 0 0 559 ]
Jun 1 [ 558.01 1B.74 1914323343 197175305 2431 BZ3004B9363 H188.369363  BB3.3383537 i] BE3.3383557 0 0 558.01 B62.01
Jun 1 T 543.25 1630 1914323343 197175306 2431 2300469362 8215479363 B40.1158259 ] B40.1158259 0 0 543.25 54325
Jun 1 8 44205 1326 1914323343 137175305 2431 ZG004B9363  FEFLNAE3EZ  -904.3413301 9043418301 -904.3418301 304.3418301 264.8551135 44205 3986304732
Jun 1 ] 259.59 TT9 1914323343 197175305 2431 2300469363  S2E00TH3E3 1405852761 1495552761 -1435.852761 1495552761 438010015 269.58  187.78507I5
Jun 1 n 23771 713 1914323348 137175305 431 #300463363 S8280.289383 200150364 200150364 -2001.503684 ZO01G0364  GEE1303736 23771 132186
Jun 1 1 25105 THI 1914323243 197175305 2431 2R004E9287 2291549262 -2292.503 2292503 -2292.503 2292802 E71.41E5161 25105 1409218635
Jun 1 1z 256.75 TT0 1914323343 197175305 2431 Z300469363 S291549383  -2295.7R2323 Z29GTE2323 -Z235.762323 2295762323 BT2.3VI3305 256.75 1455251819
Jun 1 13 2814 T84 1914323343 197175305 2431 ZG004B9363 2291549383  -221342B638 2219425638 -2219.426538 2219425538 EOO.0142545 2814 164 8502861
Jun 1 14 2632 TA0 1914323349 197175305 2431 2300469363  S201549363 2219428530 2219428532 -2219426538 2219428538 EDO.O0M42545 2632 1566402861
Jun 1 15 2E3.7E 751 1914323343 197175306 2431 BZG004E9363 2291549383 2283525833 22835925833 -I283.926833 2283925833 BER.A047TE4 2E3.7E 154.093479
Jun 1 & 269.23 803 1914323349 197175305 2431 2300469363  S201049363 -2IET44TI0T7  21ET.447I07 S2IETA4TA0F 216744707 E34.7912052 269.23 166.1658515
Jun 1 17 27618 829 1914323343 197175305 2431 ZG004E9363 2291549383 1961545302 1361535402 -1961.595302 1961595902 GY4.5023939 27618 181.9992787
Jun 1 12 444.28 1333 1914323349 197175308 2431 2300469363 S2TT.B29363 1000048544 1000042944 000042344 10000435944 2923092244 444.28 396 266355
Jun 1 ] 543.01 .23 1314323343 137175305 2431 #300463363 S262.943363 3918833348 1] 391.6833348 0 0 543.01 543.01
Jun 1 20 556,81 1E70 1914323343 197175305 2431 2300469363 0233609363 475440334 ] 475440334 0 0 556,81 B5E.81
Jun 1 21 BET.36 B72 1914323349 137175305 2431 #300469363 #219.059363  496.006778 1] 4360067781 0 0 BET.36 BET.36
Jun 1 2z BET.ED .73 1914323343 197175305 2431 BZ3004B9363 2210769363  6E6.4163033 i] BEG.4163039 0 0 BET.ED BET.EG
Jun 1 23 BET.A 73 1914323343 197175308 2431 2300469362 220549362 6062087043 ] BOE.057243 0 0 BET.A BET.E2
Jun 1 24 bG8 1B.74 1914323343 197175305 2431 BZ3004E9363 S5200.359363 B21.3885514 i] B21.3885514 0 0 bG8 BG8.1
Jun 2 1 Bh8.15 1674 1914323343 197175306 2431 2300469363  H190479362  E20.TGY2EI6 ] E28.7BT2E16 0 0 Bh8.15 BhS.15
Jun 2 2 BE8.22 B76 1914323343 197175305 2431 BZ3004B93683 81381749363 E30.201955 i] E30.201955 0 0 BE8.22 BE3.22
Jun 2 3 BE8.25 E76 1914323343 197175306 2431 2300469363  HI9E969362 6208703317 ] E30.8729217 0 0 BE8.25 BE2.2E

PSUAE | Appendix D: Sample Calculations m



April 1, 2010

[FINAL REPORT]
Pavel Likhonin
Mechanical Option

DMA Building

Fort George G. Meade, MD
Advisor: Professor Treado

Cover Base with ABS rest with Elect. Chiller

2390 kW
Jenbacher IC Thermal left Thermal lefr Thermal Electricity lefr
2390 k' Jenbacher  Engine Thermal lzft  ower after 0.7 over after 0.7 Meeded Electricity laft awer fram  owver after
Amount of Matural Gas  Cost of I Engine Thermal  Thermal onder after COF ABS Thermal still COF 8BS Thermal still Convertedta  over production tobe  electric chiller
Elect. Tosell  Grid Pays bought Rlatural Gas  Cutput Clutput Heating Chiller needed Chiller Meeded ki used on electric chiller  [COF B.1)

Mlanth Dlay Haour kW k] Therms £ kW Mk Mbk Mbh bk bk bk kw kw kW
Dec 30 24 52678 1767 1914323349 137.175208 2431 8300489363 TENH293E:  TET400E4E 0 TET.A4006345 0 0 52572 52678
Dec | 1 53661 1PED 1914323349 197.175308 2431 8300489363 FFPZH03E3 9244062045 0 9244062046 o 0 BEE.E1 53661
Dec N 2 6871 1761 1914323349 197175305 2431 8300469363 TEI5.259363 8738385585 1} 9738386505 0 1} 5871 6871
Dlec H 3 58636 1753 1914323349 197175305 2431 8300469363 TEEA1993E3 8260833684 1} S26.0333604 0 1} G366 58636
Dec | 4 B2ETH 17ED 1914323349 137.175208 2431 8300469363 TEETO443ED  BO02E022IE 0 SE0.2E02286 0 0 B2ETY B2ETH
Dec N 5 50643 1753 1914323349 197175305 2431 8300469363 FTR0209363 086 B09931E 1} LT R 0 1} GBE.43 50643
Dlec H B 59604 1753 1914323349 197175305 2431 8300469363 THELO0993E3 T2RA029984 1} T235029984 0 1} 53604 59604
D il 7 BEE 46 1763 1314323349 137175308 2431 8300469363 TIVITEGIED 922 406354E 1] 922 406A345 0 1] BAE 46 BEE 46
Dec | ] B2E.26 1763 1914323349 137.175208 2431 8300469363 TE4LITIIED 927449591 0 Sav.448291 0 0 B2E.20 B2E.26
Dec N ] 58299 1743 1914323349 197175305 2431 8300469363 FOGTO593E3 9430051564 1} 9430051564 0 1} 55298 58299
Dlec H 10 57726 1732 1914323349 197175305 2431 8300469363 8035109363 9836489423 1} 9836439433 0 1} 57726 57726
Dec | 1 57304 1722 1914323249 137.175208 2431 8300489363 20222363 204.7R04920 0 £34.7054926 0 0 57394 57304
Dec N 12 57396 1722 1914323349 197175305 2431 S300469363 8134309363 9539231945 1} 98892711945 0 1} 57396 57396
Dec N 13 57087 1713 1914323349 197175305 2431 8300469363 S203.789363 1004 655372 1} 1004 656373 0 1} 57087 57087
Dlec H 14 A71.62 1715 1914323348 197175305 2431 8300469363 8238079363 01987882 1} 0987882 0 1} a7152 A71.62
Dec | 15 BTz 1712 1914323349 137.175208 2431 8300469363 S2IEH2IIED 10369165 0 10269166 0 0 E72T9 BTz
Dec N & 57713 1731 1914323349 197175305 2431 8300469363 SIE3.7O93E3 1046.284 752 1} 1046234 758 0 1} 67713 57713
Dlec H 17 A73.8 1739 1914323349 197175305 2431 8300469363 8102209363 1045.269557 1} 1045259557 0 1} a79.81 A73.8
Dec | 12 5164 1745 1914323349 137.175208 2431 8300483363 TAIDOTIIED b ke L 0 bored Redcenel:a 0 0 62154 5164
Dec | 13 52193 1748 1914323249 137.175208 2431 2300469363 TI24.T7ISIED SE1ERITEZ 0 SE1E2ITEZ 0 0 52143 52193
Dec N 20 B83.26 1750 1914323343 197175305 2431 8300469363 TREOIEI3ED 922 THEZE2E 1} 9227852626 0 1} 58326 B83.26
Dlec H 21 58318 1750 1914323343 197175305 2431 8300469363 TTTRA093E3 SE1TI0463 1} BE1TI04ED 0 1} 68318 58318
Dec | 2z 02326 1760 1914323349 137.175208 2431 8300489363 TI0OZ03IET 918013932 0 2913013932 0 0 Ba3.28 02326
Dec N 23 58397 1752 1914323343 197175305 2431 8300469363 FT2I4793E3 408135703 1} 8403136703 0 1} 58397 58397
Dlec H 24 504.82 754 1914323349 197175305 2431 8300469363 TEI2.909363 S14 5361706 1} 8145361706 0 1} 5482 504.82
12787625 16TEI47.254 1727255967 00613223 426254183 4098506.975
Adjusted for 10C¢ 120000 2300489362 MBEH added byt 3HEGB13.7EE $122.966.21

£0.005 Kk ilowatt-hour (kW)

0.008

156347254 |

Ciosts with ABS

Savings over ariginal

Additional
Cost
2,890,905

Fayback
[years)
4 TIGE1589

$612,919.33

£91.7057802] Therms additior  34165.19755

Cost additional 3177363373

Ciosts with electric Chillzr

Savings over ariginal

227290148

Additional Cost Payback [years]
2646177.55 3.98 $639,771.91
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System D Sample Calculations
i

2390 kW 2390 kw
2390 kv Jenbacher 1T Jenbacher IC Thermal left
Jenbacher IC Engine Engine after coaling
1|EngineElec  Matural Gas  Matural Gas  Costof Matural - Thermal Thermal Thermal left over after with 0.7 COF Thermal still
b | Output BEiought bought Gas Cutput Cutput Heating ABS Chiller  needed

Month Dy Hour bk ki Thermsz k3 ki hbh Ibh hbh Abh

Jan 1 1 190284 4344082771 M2.2298913 GZETESAN 146281328 E202.952831 BOZG.132833 14208433 104208434
Jan 1 2 190254 434346908 1482053263 1B2.E51485 1945974699 202943022 BOZZETE22 10228184 02281124
Jan 1 3 24 dHEE2E MEIRR B2E36239 1845821325 e202.454284 BOME.304284  -0M28236 1002323652
Jan 1 4 180189 4341903614 1481518821 1626964386 1946309036 E3006TO9ET BO12830967  -942565184 9425661842
Jan 1 1] 18017 4341446783 481282602 152620348 1245114458 E200.008533 BO05.7OEGST 280860133 990.8501528
Jan 1 [ 18017 4341445753 481362602 152580348 1846114458 300006533 BAS9.616593  -S83RET2Z  B8326TXIZZ
Jan 1 7 180175 43415EE2EE  MEM403712 1626246824 1845166663 E300.131428 GHE0A01428 3992639 299258902
Jan 1 8 180217 4342578313 1481749038 1526201609 1945595783 BI01LE50043 BO09.340043  -870.920126 8709201262
Jan 1 3 180287 424426606 148232452 BZETI4IT 1846212661 EI04.057734 BOZER0TTI4  -BEATOGSEE 2657059657
Jan 1 10 180447 4348120482 1483640104 1528149307 18479512056 6309632456 BOS3E32466 -B936TIT02 893872705
Jan 1 1 1205.66 4350907952 1434613525 G267 124918938 EMBE6362 BOGEG43RE  GAMZT4M SMIT4IND
Jan 1 12 180643 4362243373 ME5251621 162980817 1249852434 631654593 BI00.58533  -916.193415 9151334154
Jan 1 13 190674 4353530361 1485606504 1520071693 1360.275304  E3T.EZI9ET BIZ0649367  -517.258528 9172685285
Jan 1 14 180692 4354024086 1435654501 1520224136 1860460241 B312.2533T4 GABEAEAITY  -OTRAMZZ 10TIIN2E
Jan 1 15 180613 4352120482 148600456 1529566108 19496512056 EXG.49652 BOZEI0ESE  -9B4191073 2341910725
Jan 1 18 18057 4361024337 MB4E51412 15291905956 1949.210843  E312.993352 BH129E3398 102000476 102000476
Jan 1 17 1805.2 4348579518 1484240312 1528767521 1943698795 E312.246042 GATE.IG6043 -MOEIT4E1 110817421
Jan 1 12 190483 4343907962 1483926057 2846413 194821933 EM0AB1ZER DARLMHZEE  -I49ETINE 104887336
Jan 1 19 190462 4342506024 143.37TI6EE 152.8284808 1491506 6310251928 BEE0.251928 10961166 1096.315597
Jan 1 20 180446 4343096206 M3IEMBE2 1528140838 147240364 EI0965T429 GRE22T4EY  0T4TTEN W0T4TTAI0E
Jan 1 2 180496 4349301205 1484042983 1628864273 1845483012 B31.405839 BTS2 796839 -NT2REFIZ  MTREATZRE
Jan 1 22 190434 4347207229 1433633212 1528039214 1947213072 E309.237885 GATA4TIEE  OFT2T4M W0TT.ITAND
Jan 1 23 180473 4348746908 1485853877 1628369493 14821747 6310601538 BEEL021598  -1068.02745 1065027444
Jan 1 24 190498 4349349208 1424059427 152855121 1242473484 BINATETTZ GR0STIETTE  -MITAMTE NETA94TE4
Jan 2 1 180641 4360385642 1424412974 1628946364 13489138658 312973365 GA2E.108365  -1M43BETIE  143EETITR
Jan 2 z 1206011 4349662651 1404166314 1528691203 1M43E06E27  B31.930344 GERLTO0Z44  MIZTHZEG M27.R1234E
Jan 2 3 180466 434287303 MBITIEIZZ 1B2830212 134345783 E310.356829 GETIAIEE2T 0977148 1097.714TEE
Jan 2 4 180477 4348843373 1483856765 162.8403368 1948250434 E310.7414EE BYELEEIEE 116236226 1623522654
Jan 2 ] 18061 43496386564  148.4185082 1628652834 1848096386 B31.896377 BEI19637T 126424838 1264.248325
Jan 2 [ 1804058 4347080723 1483319445 1527819028 1847851307 6308328742 GR39.236T42 -104E.33927 104653927
Jan 2 7 18043 4347710843 1483500329 1628006339 1847777108 6309098016 BE4ETZEME 121380467 1212804664
Jan 2 8 1805.07 43498E6265 1484133426 1628667428 1948866663 EB3N.7I047E BERE21047E  -120964006 1209640052
Jan 2 3 180469 4348660602 1483820958 1528336618 1948076606 EI046173 BEALTITE 04120837 10412049363
Jan 2 10 19064 4352771024 1405226955 BLATEITES  1B4992TTI E3E441088 BR4BEN08S  -1062.92929 1068929291
Jan 2 1 180346 425773484 148E3Z0653 163152833 1862037349 EIZTE44254 GRGS.224294 109027938 1090.279234
Jan 2 12 181062 4363084337 14BET40302 1532408362 1854310243 E3X140697 G393 39697 109053 1090930004
Jan 2 13 121169 4365277108 14529494187 16234179013 1365.242771  E334.503962 GHRIGERIEE  I4EGEM4T 1046587
Jan 2 14 131146 4264962355 1489287301 152406252 1365103639 B234.134297 GA3ETE4T 105946307 1053469063
Jan 2 15 19128 43ER1927T 1490423052 B26203724  18BE.421322  £232.813977 GRE0G8ITT 10682023 1036820232
Jan 2 16 f8f2.9s 4362506024 1490655529 G267 19BEEIG0E  E33A.2T4043 GAZ4 BTG4 108948542 1089400424
Jan 2 17 181354 4369975304 1420057482 1526220407 1857235709 E3HA0TEIE GAZATETEIE 106220705 106E.E0TOS
Jan 2 12 181275 4362072289 1430447342 1536161381 1866430723 B3RA46142 BANT2EM2 107549431 1075494308
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
2390 kW 2390 ki
2390 K Jenbacher T Jenbacher IC Thermal left
Jenbacher IC Engine Engiree after coaling
Engine Elec  Matural Gas  Matural Gas Costof Bataral | Thermal Thermal Thermal left cwver after with 0.7 COP Thermal =till
Cutput Bcught bioght Gas Chtput Cutput Heating BES Chiller  needad
Month - DOay Howr ki (A7) Therms kS kW Mbh bk Ibh bk
May kil 4 183066 4411228916 1505173593 165.03288 1874772288 £401.2T1061 B2TI0H0E1  -339.024051  999.0240305
Mlay kil 5 183058  4410036W5 1505107816 1650261081 1874690361 6400991325 B2TL001325  -994.25258 9842525796
May il E 193065 #41.204319 1505165371 1850320332 1974762048 B401.226094 E271196094 97427984 9742793403
May kil 7 134202 443360241 1514513815 165.994323 1686406024 6440933587 EI6.AZ3687  -924.062961 924.0623606
Mlay kil g 193657 4BEE.433735  169.225308 1B4.00Z0673 1983234337 GTTLEOEEET BOIT.396657 158641319 15656413194
May il 3 210434 BOTOEYETIS 1720194027 178.2099948 2155046988 7308248291 T292978251  -BALYSTUE  BBLTBTIED
lay 3 10 21131 GI0B.ZEB0E  174.2329733 1734533631 2170062651  7409.353561 TIR4E0I6E1 133342381 1333423809
Mlay kil 1l 212988 5132240964 17E.193084 180,37 28877 212024 744755400 TH4E54001 15736307 1573530696
May il 12 23096 B134.243373  17B.2021063 1804642495 2122308434 7481320428 T422E20438  -BET.O0037  1BEV.000874
lay 3 13 23047 BI3IBEZEE1  ITEIETSIS4 1804228623 2131806627  T443517054 T434.147054 -B53.38132 1683381319
Mlay kil 1 210932 BOG2E9ETIS 1734288847 TREHTEES 2160146988  TIVD.661523 TITREGIGZE  -1925.23661  1825.2366M
May kil 15 2212 E029.445782  1T2EGI07E4 1788680487 2163014458 7305452587 7390452687 1967622 1985760295
lay 3 18 21336 BOAZ43ITIS ITITEI0Z96 1789738604 2164284337 T359.753436 TIRATES4I6 205778326 2067789257
May kil 17 26T EOZS403633  ITREZITIIT 1788324334 ZIG2ET4096  T353.943005 TI83.549005 19993 1393.293997
May kil 18 192348 4E34.891566 1521490447 162893516 1969.528916  ETIB.A34068 E72B.034068 17990127 1799.011275
May il 1 192403 4395.262012 1499722389 154 47IH0E 196798252 BITR.08TIRZ E3T2E27932 09862829 1092528294
May kil 20 183195 $414.433735  1GOEZETIZZ 165.455136 1876134337 6405921673 EINGHETT 994509143 9345031427
May kil i 183046 4410746958 1505009152 1550168427 187456747 B400ETIVZ E2.3M72  -9E7524594 9675245538
May il 22 1929.88  4409.349398 1804522274 154, 9662243 1973973494 390543624 E262EB3634  -950.203083 950.2030829
May kil 23 182966 4408819277 150435139 154 9481932 1873748193 6397.774359 B262124359  -M406315 3440631503
May kil 24 183028 4410132563 1504861156 165000693 1874383133 6399.942314 B263.022314 -95T7579836 9575798358
Jun 1 1 183116 4412433735 1505534694 150752235 1975.284337  £403.01341 E2B7.479411  -1032.30405 1033304043
Jun 1 2 183084 4411303614 1505403303 166.0665324  137R.059036 6402250137 E232E40137  -05358222 1053582222
Jun 1 3 18308 4411807229 1505370921 185.0532049  1876.018072  G402.110269 B2TA.570269  -07T.26575 1077265747
Jun 1 L) 183093 4411879518 1B0.5395887 1B5.0557466  1375.048795  R402.21517 E279.83517  -M22.25983  1122.259331
Jun 1 5 183 4412048193 150545314 50616736 1376120452  £402 453333 E231643333  -TBLTET001 1161787006
Jun 1 E 183195 4414433735  1BOEZETIZZ 155455136 1876134337 6405921673 B2338M6YI 121120933 1211.20833
Jun 1 7 184675 4450 1513402834 1562954919 189125  B4E7.632083 E3T2542983  -1302.82055 1302820554
Jun 1 8 134795 4633365422  1R0IG0AT4T 164 365504 1934 358554 6811333147 E232.049147  -2393.41205 2333412046
Jun 1 3 23041 BI3RHE0TZ  1VG.IE2HE5Z BOATITIY 2181745181 7449407252 THTAIT2EZ  -2ME.61487  2M4E61872
Jun 1 10 2E229 BIBE240964  1TEORISE4T 1822707206 220415241 7HZE.816075 THOB.FIGO7S  -27YR.0G792 2776.057928
Jun 1 1 213895 154096356 176.8E50463 1811409976 2190.430364 7479269081 T4T0343081  -3NM370328  3113.703282
Jun 1 12 23325 BM03IEM4E  17T6.3I63F07 1806552824 134653614 T469.337884 T4G04ITEE4  -FI3EE93E  3136.833803
Jun 1 13 22859 BI29.13263  17R.O122442 1802636416 2179881325 T442.043256 T434.123286  -307E.BBIEE 2076051645
Jun 1 i) 21268 W124.819277 17486607 1801120521 2178.048193 7436784161 T4ZTHE41E1  -3083.1074  J0SZN074
Jun 1 1 HMZE2G  B1Z3493976 1748208488 1800654743 217745494 7434860375 T4ZB.940975  -3MAG4IZ 349534221
Jun 1 16 22077 BH0289167 1743702818 1796013902 2171872892  7H5.699052 T4OET7I052  -30B2.21822  3052.218215
Jun 1 17 211382 BO9ZB42169 1727988509 179.0MZ8164  2164.755422 7391396979 TIR2ATEITI  -28706ES2Y 2870 EES23E
Jun 1 18 1945.72  46EB481928  1G9.9TVEZ30 1B4.7TEIGEZ 1992604819  GB03.601G03 ETE0EEIG0Z  -Z496.9168 2496916803
Jun 1 1 184699 445057813 1518600163 156. 4158168 1891495783 G488.372132 B420.552192  -1450.41384 1480413836
Jun 1 20 183219 4417.325201 160.7253765 552471378 1877.363263  B4I0.0M7TIG E342307716  -WMA125  1414.911254
Jun 1 il 1832 64 4416 1506501554 1552005601 18768  B403.134529 E326.784523  -1396.26806 1396265056
Jun 1 22 183235 4415301205  150.6563115 1551760009 1376503012 6407180486 BITATO486 132787297  1327.872967
Jun 1 23 1832107 H4M8E74T  1B0E4IENI BRIB07E2 1376313675 B40BEE102 E3N.23108 -1287.0095  1287.109499
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
et A T A
2390 ki Jenbacher [T Jenbacher IC Thermal left
Jenbacher IC Enging Enging after coaling
EngineElec  Matural Gas  Matural Gas Costof Matural - Thermal Thermal Thermal left cwver after with 0.7 COP Thermal =till
Output Eought bought Gas Oikput Oukput Heating ABS Chiller  needed
Month  Day Hiour ki ki Therms % A7) kEk kEk kEk kbk
Dex ii] 4 180422 4MTHIB0TZ 1483434553 1B2TIITEY 1S4TENEIN E0R.AIR2E BEZ0.2TEEE 123426039 1234260308
Dec i | 1 180339 4345512072 1432762125 1527234689 1946245131 B305.516012 BYFR.2BE012 07009709 1070049709
Dec H z 18029 4344337349 HE2ME246 1BERATZE 1B4E.343373  BI04.202635 GEITAIZEIT  -MERARAT Nzz.4z817
Dec H 3 180364 4ME1204582  M8.295T7EVE B2 THE40E 1847101205 B30E.FA0N54 BER0.G20M34 BT830 1167530801
Dac H 4 1803.21 4345.084337 482604128 1627082252 1R46.6E0543  EI0B.28E612 BETLEEEETZ  -M44.92252 1144822622
D i L3 180367 4345851307 148.2300121 162.7387125 1947029518 6306545425 STZE.285426  -MOT3ME6 107 3557
Dec H [ 1803.96  4MEENGEE 14332207 1GLITIT404  1R4742E916 307909133 OERRAINMIE 126905723 12ED.05TIZE
Dex H 7 120354 4MERTIEIT  M48.287H465 1B2TIEIT13 1346993796 E20E. 440524 BYTTTR0E24  -IOT1E2184  10TIG21345
Dec i | 2 120275 4346280542 142304202 162.7539561 1947213855 E30T.174831 5243224831 00524464 1005244641
D i El 1307.02 435426606 1M43ETIET2 153.0308822 18505626581  EXM5.609044 BATE.199044 103285516 1038855163
Dec H 10 181274 4368048133 HA043972 1B1HE2M2 1366420482 BIBLEINTE EOTI2G0M7E  -9TE2I0245 9792102448
Dex H 1 1RIE0E 437TE048193  M9.3169423 1627964516 1859820482 BIBO219223 BOEI0IMZ2T  -0E6.49464 1055494642
Dec i | 12 1216.04 4376 148152981 152.7947579 126898 B260.149283 E124.069229 SE1T9ERE 9613962795
Dec H 13 181913 4383446783 95693535 1640564403 1362964458 EI60.954036 BIEI.2TH096 334 859854 934053854
Dec H 14 191848 43910TH518 1495159164 1840013929 1BEZ.2907TIE  GIEREME4 G2OE.23124 821909304 9219093035
Dex H 15 TBITED 4ITEREITY 1494148EE 1623938416 1860998193 BI54.240429 E2A0.360429 809313434 082134337
D i 16 131287 4360361446 1450546607 1536263005 1856.563614  BI35.064T46 E202.384746  -915.113358 9151133536
Dec H 17 1BI013 4361902614 1488343103 1632953396 1863800036 E329.693557 EIMAZIGET 2551622 RRHIE2ET
Dec H 1 180346 4356773404 M8.E920693 1BLIE23MT 1362037340 EI23E44294 B933.254294  -0BBEA231 1055592808
Dec i | ] 1202.01 4238EER0E0Z 1426550701 162.147222 1861576606 E2Z2.07077% SR4E 400772 -INEFI422 INMETI4822
D i 20 180674 4353530361 1425506504 153.0071693 1860276304 EMT.EZ996T SATTI2A967 0600543 1060.05433
Dec H 4| 1806.32  435378M33  MEEETIED 1630139448 1860.357EH EH7.A09704 G795.949704 M20adaz 2084036
Dex H z 1806.74 4383680361 1485506504 1BLO0TIESS  1BG0.276404 BT E29967 BE20.199987 080938 1080838002
Dec i | 23 1206.03 4251879512 4492274 1529470422 1849.548795 EME4TH BRALIETH 114450248 1144500482
D i 24 130618 4345831326 MWE4223868 1528700684 1043678313 E3MZATEI4 ETO4E1G114 -NTITER08 HTITERSOTA
137092919 1412056992
Adjusted for 10Cent savings 20000 MEH added i 131E7743.49
tzszose. 3z | TN Therms additic 121577.4943
THET 456329 Cost addition:  $122367.07
ton BIR2a0274
1BET2EE2.17 T00 tan abzarption chiller GEZE.2E4915
Ciozts with ABS
S3469.29085 Savings over original
Additional Payback
Ciost [years)
2H36E54 55 458 F640,797.58
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System E Sample Calculations

Thermal
needed
2380 kW conyerted bo
Jenbacher IS electrical
71 |Engine Elec  Thermal still  chiller COF Mew Load Matural Gas
b | Qutput needed Bl Follow Baught Matural Gas bought Cost of Matural Gas

fonth  Day Howr | AT bk A (A% (A Therms %

Jan 1 1 1802.84  1043.084331 BO0OB0STIES 1952920873 4464869573 1523476642 156.9180835
Jan 1 2 180254 02351184 4915556619 1851696656 4461317003 152 2463054 1568143156
Jan 1 3 12024 101282352 4955398667 19500953927 44600120088 152.1959363 1567515144
Jan 1 4 120189 9425651842 4525471776 1847044712 4450950127 1518727372 156.4229193
Jan 1 5 12017 B90.8501928  42.7TITEZ233 1844471762 4444510271 1516523661 156.2025551
Jan 1 [ 1807 8832672122 42407B8603 1344107836 4443632973 1516230316 1561717226
Jan 1 7 120175 S92.2689102 430ZT4TISE  IS445TT4TZ 4445487554 1516963236 156.2369133
Jan 1 g 130217 8709201262 4181487403 1343384574 4443337046 151612934 156161322
Jan 1 9 180287 BE9.7059657  417OEGTI4E 1944626573 4444 283324 1516656952 156.215666
Jan 1 0 120447 2938727015 4291687991  1947.38688 445153465 151.89264 78 1564494273
Jan 1 1 1805.66 932743113 4471261704 1950372617 4458729138 152138136 156.70228
Jan 1 12 130643 9161334154 4394053631 1950370536 4468724184 1521373643 156. 7021035
Jan 1 13 1806.74 91726852585 4403365714 1860.77I6ET 4453710083 1521716054 156.7367635
Jan 1 14 1206.92 W073.2:M215 5153597577 1952465976 4478207171 152.8027519 1573968344
Jan 1 15 120603 9841910726 4725327219 1963383272 4466.98378% 1523956728 156967243
Jan 1 16 18057 108000476 5185350724 1857.553507 4476.032545 1527285507 157.3104072
Jan 1 17 1805.2 0817421 5320598719 1858.405987 4472026716 152.7986418 157352601
Jan 1 18 180483 104987336 GO4068Z955  1900.23683 4470460132 152 5380725 157114215
Jan 1 13 180463 1036.318537 B2E3662733 1867266628 4475341272 152 7043634 157 2861123
Jan 1 20 120446 1074779106 SLEO0ZENGY 1956062612 4472440028 152 6059658 1571241479
Jan 1 21 120496 1172257225 BE.28275479 1261.24276 44848922113 153031882 167 6228385
Jan 1 22 180434 1077274313 BLTZ2241219 1956062412 4472439547 1526059524 15719413
Jan 1 23 180473 10B3.027443  B127544305 1366005443 4472309516 152 6015156 157 179561
Jan 1 24 180498 1137194754 B4.59933009 195957333 4480914043 152.8951144 157 4519675
Jan 2 1 120541 1143EETI7E 54.91008534 1960320026 4482.699002 1529560195 157.5447001
Jan 2 2 180511 127812846 5414888318 1959.258083 4480141987 1528687672 157 4548302
Jan z 3 180466 10977147398 6270380673 1957.363807 4470575438 152.7129535 157.294 3421
Jan 2 4 180477 162352254 5R.80713841 1860577193 4483318553 152 4771545 157 BEE4T43
Jan z ] 18061 1264.248385 GOE346E53  1266.799467  4495.902323 153 4065367 158.008737
Jan z E 180408 104633927 G0.237149% 1854.31716 4465234036 152 4624565 1570363302
Jan z 7 18043 1213804669 GRITTH4TIZ 1962577048 448813067 1531416287 1577358775
Jan z g 1806.07 1209.640052 BE.0TYDI513 19630475956 4489012277 1531584581 157.764153
Jan 2 3 180463 1041209363 4393055145 1554630851 4463110485 152 4923601 157067131
Jan 2 0 13064 1063923231 BI32174853 1867721743 4476437345 1527423835 157 324655
Jan 2 1 130846 1030279354 5234651543 1360806815 4483871345 152 9360386 157 6353147
Jan 2 12 131065 1030930004 5238093402 1863.060334 4439303455 15315813725 157 776514
Jan 2 13 18153 1046531473 BOZ4377E52 1861338773 4486358602 153.0305865 157 6733134
Jan 2 14 1BN4E 1053463065 BOSETS4IS] 1862327042 4487536245 1531210731 157. 7147063
Jan 2 15 18128 1036820232 44780115832 1362580013 4458144365 15314154 157 7360963
Jan 2 16 131293 1059483424 5230885771 1865.238388 4494 55137 1533604447 157 3612681
Jan 2 17 131354 106380705 5131687345 1364368373 4493628625 1533289037 1579288223
Jan 2 18 131275 1073434306 5173095688 1864530357 4492 545752 1533022409 157.9013082
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Thermal
needed

230 kW converted to

Jenbacher 1T electrical

Engine Elec  Thermal still  chiller COF Mew Load Matural Gas

Cutput nieeded E.1 Follom Baought Matural Gas bought Ciost of Matural Gas
Month  Day Haur (A" bk (A7 (A7 (A7 Therms= kS
ay | 2 1830.64 1007204861 4226300324 1278903004  45274TTNE 154.4229121 159.1154294
Wlay | 3 18306 9931691392 4752391401 18378523914 4626063648 154 4627432 159.0363265
Wlay | 4 1830.66 993.0240305 4736043343 13TOE2G433  45ZE.S08288 154 4E10306 153.0943234
Ilay il ] 1830.05 9542020736 47.2OEZ20EE  1EVV.E3EZET 4524908567 1543962012 1990280573
Ilay il 3 1830.65 9T4.2TIE403 46TFFVHING 18YT4IT4I 4BEIAENTS 154.3625554 195.9934 661
Iy H 7 1842.02 9240629606 4436630354 1306.386354 4545503353 155.0991976 159.7521735
Iy H o 1936.57 1556413194 V472696355 2029687 4046498722 165,363 3736 170.330461
Iy H k] 204.24 SBLTETHED 40294814 246234814 BIE9.240816 1763817264 121E732hed
Iy H 0 21180 1332423209 402073737 21831020737 B2E0.&3129T 1734967762 124.881ETA6
ay 31 1 2129.88 1GTIH3063E THRE49ER01 220542882 GIM.ZBEMD 1813309628 126.7702814
ay | 12 213096 EGT.000374  TODDE41493  ZZI0G1E41T B3ZE.64E6TE 1817432662 187.2017339
Wlay | 13 213047 1683381318 808230006 221233001 6328416369 1818131073 187 2675005
Wlay | 14 209.32 1326236611 ST.E3ITIETE  2196.953733 GZI3.064676 1806341342 186.0631583
Ilay il ] 221z 19007652958 3390032463 2206020325 531E.TI30T1 1813736305 156.8210243
Ilay il 16 213,36 2007 7E92EF 95798004 2193180 B330.50408 1516543202 157.340555
Iy H i7 21169 1999299397 959903041 2207.630931  B39.713208 1815161261 1569616093
Iy H 18 1923.48  IFI0.0M27E 96.3T4EE01F 200985466 4843023278 165.2607926 1702083164
Iy H 13 1824.03 1092628204 B2T4TEEDE4  1BTVETTTEGE  4G22.26E821 15423091862 1589284412
Iy H 20 183199 9945091427 4T.T4EEEE4Z  19TOTIREEE 4623480762 154 6626205 153.1291391
ay | 21 183046 9ETH245938 4E4630TEZ  18VEMI07E  4B2ZE22N2 154.3202997 1589459027
ay | 22 1829.88 9602030829 4562142081 18YRE01431  4519.280666 154.2042338 158.8302608
Wlay | 23 1829.66 9440681503 46.3Z68TEE1  13T4.9868TI  4515.040671 1541613272 158736785
lay 3 24 1830.28 S5T.ATIE368 45.97HE0GE4  1BTE.ZGOEOE 4521037345 154.2662423 1588942295
Jun 1 1 18316 10333040458 4961129585 1830771293 4531973033 154 6375235 193.276E495
Jun 1 2 1830.94 1053652222 GO5S430055 1851524301 4533734941 154 6334551 193.3404637
Jun 1 3 183009 10YF.265T47  BLT22Z00035 1232622001 4536438557 154.703689 1594333747
Jun 1 4 183093 2225383 BIEE22T0I5 1sg4.0i22y 4541716314 154.9637 735 159.6108667
Jun 1 7] 1831 Ne1L7EF006 BRTI00E06E 1926720061 4546457477 155115662 153, 7650128
Jun 1 E 183199 121120932 BRISZI397E 129014254 4654.561201 1564020626 1600703045
Jun 1 7 1846.75 12028205564  E2.0H140428 1909201405  AE00.72EZTY 156.9822768 1E1LE9ZTTE]
Jun 1 g 1947.95 2392412048 1149132054 ZOEZ.BE3IZ05 4970754712 169.6031E95 174 E97444E
Jun 1 | 213041 2346614872 1IZEEE3E5T 2243.076366  H405.003231 184 4263441 189.9631345
Jun 1 ] 2B2.23 2YTEO6TAZE 1332845124 2206674512 G5O7.409427 187 9205361 1335582037
Jun 1 1 2138.9%  GH3T03EEE 494360405 225446041  BE4.EEFE0 1851066511 133.8013506
Jun 1 12 2133.20 3136593803 1906094709 2253859471 DOOI.ZTEEIS 187.7735421 1934129283
Jun 1 13 2128.53 3076051645  147.F2EY031  22VEREY0Y 5485100504 1871533742 192.7741554
Jun 1 14 21268 30831074 MO0272226 2274827223 548151138 187.0363082 1926450154
Jun 1 15 2i2e.2s 349634221 IBL2IE36E4 22TV 4EEREE  B4ET.ATOFEZ 187.2622033 1928715163
Jun 1 18 212007 3052212212 MESM00IF  Z2ET.2M00Z  B4E3.407233 1264131691 192.0117442
Jun 1 17 2113.82 2OV0EESZEE  13TEETIVEE  22G1E4TIVE  B42EEDEIZ 1851210547 1906949863
Jun 1 12 1946.72 24969168023  119.2827063 ZOEG.EO2Y0E  4977.258919 163.834412 1749254443
Jun 1 13 1846.93 1450413836 BAEITEATN  1916.62TEIT  4613.373953 157 6856465 1623132153
Jun 1 20 183318 1414911254 B7.93313665 1901123137 4581013606 1563108674 161.0001231
Jun 1 21 1832.64 1336265056  BY.0380333 199673034 4577037431 1561920406 160.877E01
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[FINAL REPORT] DMA Building

Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Thermal
needed
2290 kW conyverted o
Jenbacher IC electrical
Engine Elec  Thermal still  chiller COF Mew Load Matural Gas
Cutput needed E1 Fallow Bcught Matural Gas bought Cost of Matural Gas
Month Day Hiour (A7 bk (A7 (AT (A Therms= t
D 30 24 180422 1234280388 5025919384 1963479134 44303113 1532157622 1578122351
Dex kil 1 1803.39 107009708 BL37781TE6 1954767817 4463320042 152.4935105 157.07443958
D kil 2 1202.9 2242317 B2.23035249  18BE.TI0362 447419362 152 6EBE033 157.245778
D kil 3 120264 TET.BI0201  GEOGETI40E 19696987 4481201721 152.9049202 1B7.4520781
D H 4 120221 14822622 B4.87036792 12ES.020258 4477543031 152. 7200908 157.3634932
D H ] 180357 NOT.3M957  GB316473245 1956734732 4474059536 152.6612308 157.2410677
Dec kil [ 180396 1269087226 6083030003 156459035 4433710687 153.3317573 1979317415
D 3 7 180354 10716213456 5145102423 1354.991024 4463.85733 152 5178626 157.0933985
D kil g 120275 1005844641 4229290371 125204291 4462753993 152.2TR4E73 156.84372313
D A | 1207.02 1032866163 4987782062 1966.897821 447445268 152 6746293 167.2648791
D H 0 121274 9TE2102445 4696611092 1853T061Y 4481219564 152905539 1574927052
D H 11 1216.06 1055434642 BOETET2013  1866.7IGFE 4495160772 1534535963 158.0081043
Dex kil 12 1816.04 3613968735 4615887067 1862133871 4487.226134 153.104337 157.7033085
D kil 12 181903 934.8690941 44.88476903 12E4.0M4TET 4491601253 152.2597974 157.8575913
D kil 4 121848 9219093035 4426299152 1262742982 4480537208 1531662307 157. 7432876
D H 15 1817.21 9082134237 426622243 12600262225 4404019813 152.0010877 157.6a112032
D H 16 121287 WEN9855T 4393700463 1856807005 4474233746 152667173 157.2471882
Dec kil 17 181003 3260162197 4443615754 1804.6261938  4465.975634 152 4578632 157.0624331
D 3 12 180846 1065592808 GOES43333 1959141433 4473865876 152.8591104 157.4443337
D kil 13 1B0e.01  IMET4E23 BIEIE04E 1261626042  4435.045282 1523.0633956 1576652974
D A 20 120674 0E0.064132  BOSSGEEE  196FEI0E3Z 476230433 152.725303 1573172621
D H 21 180682 M200840196 538054235 1960634542 4403466729 152.9018742 157.5713304
D H 22 1806.74 1090330002 5237843728 195918437 4472803463 152.8572137 157 4423362
Dex kil 23 1806.03 1144 508483 5435047301 1860980473 448423031 1530103172 157 6006267
D kil 24 1206108 172752073 GEIG4S1923 1261534813 448562607 152.0558952 157647672
1422870438 1465556 551
E21732.7R1 120000
270G kW
100 tan chiller
Costs with ABS
Savings aver original
| atal G 56527.35361]
Additional Co: Payback [years)
2483536.55 343 $713,410.06
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System F Sample Calculations

Amoun
REAL REAL t of 120k
12071 khw Amount of Amount of Elect. Jenbacher IC
Jdenbacher Amount Elect. To Elect. To To buy Engine

T | I Engine of Elect.  buy On buy Mid OFF Matural Gas Rlatural Gas Cozt of Matural  Thermal Meeded MEH for 0.7 Additional

b |Elec. Output To buy peak peak peak Sell Extra  bought bought Gas Dutput Left for Cooling  COF Absorber CH4 ro Buy
Fonth Day Hiur b kW kW % % % kW Therms S ki MEH MEH
dan 1 1 12m 194 LN 0.on 14 0.on +1328.135138 1433422178 147 642484 1314 E193.763 5918902673 VOT2217I62 -1153.3085
Jan 1 2 12m 154 0.00 000 o1z .00 4198.125198 422422178 147 642484 1214 E192.763 5912492672 TO4E.426EE3 -nzz.eev
Jan 1 2 12m 14 0.00 000 on .00 4192.135198 422422178 147 642484 1214 E192.763 BO0E E12ET2 TOZESIEEIE -1119.962
Jan 1 4 1201 059 0.00 0.00 007 0,00 4195135192 1433422176 147 6424841 1214 B193.763 SA05. 925673 E955.296151  -1049.4675
Jan 1 5 1201 0.7 0.00 0.00 0.05 0.00 4195135198 1433422176 147 6424841 1214 E193.763 5299462673 EE9E65ETEE  -39T.088N
Jan 1 -] 12 07 o_on 000 L L .00 4135 135135 1433422176 147 B424a41 1314 B133.763 G383.3736T3 BETZH33806 -953.50513
Jan 1 7 12 075 o_on 007 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 5854433673 6353160333 0046717
Jdan 1 £ 1201 117 000 o1 oo 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BI01462E67T3 E220.2601639 -97E.E0G
Jan 1 a 12 187 o_on o7 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 SIEATEETE BE96. 213693 -950.03503
Jan 1 0 12 347 0_38 000 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 5937703673 6347505157 -1003.7365
dan 1 n 12m 466 050 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 5936452673 EIET.E7EH 0513532
dan 1 12 12m 543 059 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 5977802673 FMETYI405 10379707
Jan 1 12 12m 574 0.EZ 000 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BO0E. TRRET] FOI7. 02496 -1041.1192
Jan 1 14 12m 54z 0.4 000 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BEIZATIET: FOI0.2E0529  -1197.8219
Jan 1 15 12 513 055 000 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 16373673 TOZ2 233052 -1105.9134
dan 1 & 12m 47 051 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 G798 7IRET] E998.963158 12002295
Jan 1 i 12m 1.2 045 000 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BYBE.2TIET] 923520268 -122E.EB0E
Jdan 1 1= 1201 383 o411 000 oo 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BE16.96RETS BI833.014E28 -1ET.06E
Jdan 1 19 1201 BEZ 039 000 oo 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BTEZ.EERETI EITE.EETEZE -1212.73849
Jan 1 20 12 346 037 000 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 GTE0.333673 BATI006534 11306673
Jan 1 al 12m 396 LN 037 oo 0.on 4192135198 1433422176 147 B424841 1314 E193.7639 BEEG 152673 965053064 -1289.89944
dan 1 22 12m 334 LN o3 oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 G7E8.87EET] EIB1LEZ22187 -1192.7435
Jan 1 22 12m 273 0.00 035 000 .00 4198.125198 422422178 147 642484 1214 E192.763 BTE4 122672 949049047 112426804
Jan 1 24 12m 298 0.00 000 020 .00 4192.135198 422422178 147 642484 1214 E192.763 BEDZ.022ET2 946990527 12549013
Jdan z 1 1201 4.41 000 000 033 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BY0G.298E6T3 BIEE.TTEER  -12ZE2.8773
Jdan z d 1201 4.1 000 000 031 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BY13.638673 E965.513181 12459745
Jan 2 3 12 bl o_on 000 027 .00 4135 135135 1433422176 147 B424a41 1314 B133.763 G7TIT.243673 E331551627 -1214.303
Jan 2 4 12m 377 LN 0.on 0n.ze 0.on 4192135198 1433422176 147 B424841 1314 E193.7639 BE44.67RET] E924.00372 -1278.325
Jdan z b 1201 4.1 000 000 031 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BE16.0ERETS ESA5 443763 -1382.3761
dan 2 E 12m 308 LN 0.on 0z 0.on +1328.135138 1433422178 147 642484 1314 E193.763 B724.672ET] E2EREVEMZ 11608333
Jan 2 v 12m jee] 0.00 o 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BEI.I92ET2 E2ED.BIZESE -1229.024
Jan 2 g 12 4.07 o_on 038 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 B535.133673 BEEE.G50529 -1327.6613
dan 2 q 12m 364 LN 034 oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 5728013673 E285.921093 -1157.9024
Jdan z 10 1201 6.4 058 000 oo 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 BYZ3I38ETS E314. 74033 -MaLE017
dan 2 n 12m VAR 081 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 5729402673 E943 563677 -1220.155
Jan 2 12 12m 968 1.05 000 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BYEG.FERET] EO04.32E0TE 12226287
Jan 2 13 12 10.53 114 000 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 G310.7036T3 B335 110442 113740103
dan 2 14 12m 1045 113 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 B79E.383E7] B99E.223465 -1199.8348
Jdan z 15 1201 e 128 000 oo 0.0 41321365193 M3 I42217E 147 E424341 1814 E133.7E3 B30 102673 TOIE 320209 -NE1.E871S
dan 2 & 12m 133 1.29 0.on oo 0.on +1328.135138 1433422178 147 642484 1314 E193.763 577A.0B2ET] FO4.063572 12349953
Jan 2 i 12m 12.54 1.36 000 000 .00 4192.135198 422422178 147 642484 1214 E192.763 BT92128672 FOOSBY4E85 12164453
Jan 2 13 12 175 127 000 0o0n .00 4135 135135 1433422176 147 B424a41 1314 B133.763 GTEE.S436T3 BA90.219445 12233705
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Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Amoun
REAL REAL t of 1201 k'

120 kW Amount of Amount of Elect. Jenbacher IC

Jenbacker Amount  Elect. To Elect. To To buy Engine

IZ Engine of Elect.  buy On buy Mid OFF Mlatural Gas Mlatural Gas Cost of Matural  Thermal Meeded MEH for 0.7 Additicnal

Elec. Output . To buy peak peak peak SellExtra  bought bought Gas Clutput Left for Cooling  COF Absorber CH4 to Buy
Month Diay Howur k' k.l 3 3 3 kw Therms= % kwf rEH MEH
ay H 2 1 29.54 0.00 000 2.22 000 4132135192 1423422176 1476424841 1914 B192.769 EO0E11026T3 T2TR406018 121428732
ay # 3 12m 29.6 0.00 000 2.22 0.00 H192.135192 1432422176 147642484 1214 B192.763 EQEZ.2E2ET3 TIEDIZ0468 12054512
ay | 4 15301 2366 000 000 223 0.00 4135135133 1433422176 147 E42454H 1314 B133.763 BOBE.5336T3 TETZOB5161  -1206.5265
May H 5 1 29.58 0.00 000 2.22 000 4132135192 1423422176 1476424841 1914 B192.769 EOEZ.TFRETS T2EE.263904 1914752
ay H E 1530 29.65 000 000 222 0.00 4193.135198 1433422176 147 6424584 1514 B193.763 EOBZ. 722673 TZ45.476934 -NI1T43
ay | T 1501 41.02 000 3.80 000 0.00 4135.135133 1433422176 147 6424584 1514 B193.763 BOBE.EISETS T239.9366847 171287
1ay H g 12m 136.57 0.00 12.55 000 0.00 4192.135198 1433422176 1476424841 1914 B192.769 5439.5808673 TEFRE09881 21242512
ay H El 1530 30334 000 28.09 0.on 0.00 4193.135198 1433422176 147 6424584 1514 B193.763 E1259.498673 S146. 736388 -2016.2367
ay H 10 1 Had 34.39 000 000 000 4132135192 1423422176 1476424841 1914 B192.769 148418673 QEOT.033IT  -2649.5147
ay # 1 12m F2e.eE 35.56 000 000 0.00 H192.135192 1432422176 147642484 1214 B192.763 E1ED.2ERET2 2922134697 -2827.318
ay | 1z 15301 ot 35.68 000 000 0.00 4135135133 1433422176 147 E42454H 1314 B133.763 E1T1.053ET3 J0FGE21312 -2914 5628
May H 12 1 I204T 35.62 000 000 000 4132135192 1423422176 1476424841 1914 B192.769 E178.298673 OUF.E2E3TI 20292297
ay H 14 1530 30832 33.34 000 0.on 0.00 4193.135198 1433422176 147 6424584 1514 B193.763 E193.FEEET3 92008953435 -3007.1298
ay | 15 1501 3z 33.64 000 000 0.00 4135.135133 1433422176 147 6424584 1514 B193.763 B193.TEEET3 9341220888 3147 4622
1ay H 16 12m HZIE I3TT 000 000 0.00 4192.135198 1433422176 1476424841 1914 B192.769 E193.TE0ET3 S44T.67TFR4 3263209
ay H 17 1530 063 33.59 000 0.on 0.00 4193.135198 1433422176 147 6424584 1514 B193.763 E193.FEEET3 SI83.249002 -3139.4803
ay H 13 1501 122,48 13.24 000 000 0.00 4135.135138 1433422176 147 6424541 1514 5193763 B193.TEEET3 9524 546143 23310778
ay # 19 12m 2303 2.49 000 000 0.00 H192.135192 1432422176 147642484 1214 B192.763 E129. 202673 T4TR20E226 12229476
ay | 20 15301 30093 3.35 000 000 0.00 4135135133 1433422176 147 E42454H 1314 B133.763 B123.388673 TIIEO60316 12086621
May H 21 1 2046 0.00 273 000 000 4132135192 1423422176 1476424841 1914 B192.769 024520673 TZESA6E314  -NT4I2TE
ay H 22 1530 28.88 000 267 0.on 0.00 4193.135198 1433422176 147 6424584 1514 B193.763 EO0B3.903673 T218.886717 -1154.978
ay | 23 1501 28.66 000 265 000 0.00 4135.135133 1433422176 147 6424584 1514 B193.763 B058. 16T TEO0E.13251 11480738
1ay H 24 120 29.28 0.00 0.00 2.20 0.00 4192.135192 1433422176 1476424841 1914 B192.769 E0GE.2426T3 T220E0218  -1ME3.7E35
Jun 1 1 18 3016 000 000 ERE ] 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 EOTE.228673 TIZ0TE3459 12425548
Jun 1 2 1501 2394 000 000 317 0.00 4135.135138 1433422176 147 E424541 1314 B193.763 074155673 TIIE.222359 12620637
Jun 1 3 12m 29.9 000 000 307 .00 4192.135198 14323422176 1476424841 1214 B192.769 EO71.022673 TILEEIE0E 12856073
Jun 1 4 15301 23.93 000 000 37 0.00 4135.135133 1433422176 147 E42454 1314 B133.763 BO7T1.388673 T40Z.035001  -1330.7063
Jun 1 =3 1am 20 000 000 318 0.00 4192.135198 14223422176 1476424841 1814 6192769 EOTZ.952673 T443.436945 13704733
Jun 1 E 18 30.99 000 000 328 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 EOS1.658673 TEOG.021003 14233623
Jun 1 T 1501 45.75 000 5.09 L] 0.00 4135.135138 1433422176 147 6424584 1514 B193.763 B108.FTEET3 TETH.I63637  -1566.5349
Jun 1 g 12m 14E.95 000 1634 000 .00 4192.135198 14323422176 1476424841 1914 B192.769 BEE4. 412673 SETRAENSZ  -3011.0425
Jun 1 k) 18 329.41 000 3662 o.oon 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 E1E1.478ET3 SYE3.732124  -3B02.2535
Jun 1 i} 1501 35129 48 69 000 L] 0.00 4135.135138 1433422176 147 E424541 1314 B193.763 B1T3.588673 10281733 -4105.2043
Jun 1 n 12m FI7.95 4684 000 000 .00 4192.135198 14323422176 1476424841 1214 B192.769 E124.848673 0524.05236 43992037
Jun 1 12 18 33225 4605 000 o.oon 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 E134.848673 068731169 -4402 463
Jun 1 12 1am F27.54 15.41 000 000 0.00 4192.135198 14223422176 1476424841 1814 6192769 E124.540673 105109749 43261262
Jun 1 14 18 326.8 4516 000 o.oon 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 E134.848673 105103749 43261262
Jun 1 15 1501 32525 4508 000 L] 0.00 4135.135138 1433422176 147 6424584 1514 B193.763 5134.845673 105754752  -4390.6265
Jun 1 16 12m HNATT 4432 000 000 .00 4192.135198 14323422176 1476424841 1914 B192.769 E124.848673 045299727 -4274.1426
Jun 1 17 18 Hz.82 4336 000 o.oon 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 E134.848673 1025314627  -4063.2966
Jun 1 13 1501 144.72 20,06 000 L] 0.00 4135.135138 1433422176 147 E424541 1314 B193.763 BITO.828673 92TT.ETE307  -3106.7436
Jun 1 19 12m 45,99 637 000 000 .00 4192.135198 14323422176 1476424841 1214 B192.769 E156.248673 TETLZEE0ZE  -1715.0174
Jun 1 20 18 3214 146 000 o.oon 0.00 4198.1351398 1433422176 147 E424841 1314 B193.763 E12E.958673 TFER.218989  -1631.2603
Jun 1 21 1am 2164 000 352 000 0.00 4192.135192 14223422176 1476424841 1814 6192763 E112.358673 Tr23.0526885 16106939
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Amoun
REAL REAL tof 1201 k!
1201 kW Amount of Amount of Elect. Jenbacher I
Jenbacher  Amount  Elect. To Elect. To To buy Engine
IC Engiree of Elect.  buy On buy Mid OFF Mlatural Gas Matural Gas Costof Mlatural  Thermal rleeded MEH for 0.7 Ldditional
Elec. Qutput . To buy peak peak peak SellExtra bought bought Gas Chatput Left bor Cooling  ©OF Absorber CH4 to Buy
onth Diay Hour k. k. E E - k. Therm= + (AT rEH rEH
Dle: 3 16 1a0 1.87 128 0o 0o 0.an 4138125193 1433422176 47 E42484 1214 B193.763 EOST.022ET3 THT.S04604 -1060.4153
Dec #H 17 120 919 0.99 o.on o.on o.oo 92136198 32422178 147642424 1214 E192.7E9 5995602673 TOBE 949208 10614411
Dle: 1| 1= 1801 TA4E [ R3] 000 000 0.00n 4138125193 1433422176 147 424841 1214 B193.7E9 BEO0Z.ATRETS B928.847101  -1185.4654
Dec #H 13 1201 .01 0.76 000 000 0.00 HAZIZE195 1433422176 147 642484 1214 6133763 B712.093673 EIEZN6E01 -1246.0169
Dle: 1| 20 1801 574 062 000 000 0.00n 4138125193 1433422176 147 424841 1214 B193.7E9 BTHI4EBET3 B937.384 -1183.9154
Dec: | 21 1301 582 LR 0.54 0.0 0.00 HAF 35195 1433422176 147 642434 1314 6133763 BET1E03673 BIE.7353 12443302
Dlec: H 2z 1am .74 000 053 000 0.00n 4138125193 1433422176 147 6424841 1214 B193.769 BE9E. 338673 EO1.13797Y 12147993
Dec: | 23 1301 5.03 LR 047 0.0 0.00 HAF 35195 1433422176 147 642434 1314 6133763 GE22.TTEETS E335.666733 -12686.3871
Dec: #H 24 120 412 0.00 000 o 0.00 4192135198 322176 1476424841 1214 6193769 GE2E.209673 BEYRITHOZ 120921645
D 110115 2735 3677566434 125567783 129334416 A72008.01
Adjusted For 10Cent savings 120000 tons 161473504 159,965,539

15776760 2970982 Weteeks] | -6834.0998

costs For absorber
=avings ower ariginal

tokal Ok
TEERIE Additional Payback (years]
2037923 287 $612,902.49
Pau Manthly
Demand Cost of Demand Original Fate
adjusted
payback
Ldditiona including
kv £ | Cost Fayback [years] savings DM
Mranth 1 2037933 1N.8650268 18896022 125137973
Jan 31556 1380.00132 11 2037333 B.375305394 6143186 TATTIIETS
Feb 34365 14533 6913 12 2037933 410252066 513903 4862 4 62469036
flar 3628 1525.3296 13 2037333 309184338 E53174.6166 35131645
Apr F56.31 1543.53492 14 2037933 2480304369 S21646.1477 274372054
Iay 267.01 164E.6E732 16 2037923 2070821779 Q24177789 22612771
Jun ITEAT 1612.06716 16 2037933 1777386493 1146539.41 190370265
Jul 6643 1683.0427E 17 2037923 1666729636 1209061.041 1.EBEETT
Bug 36057 1561.98924 18 2037933 133490471 471532672 146334536
Sep 3649 1666128 19 2037923 1247201446 16234004.2304 131046699
[l 36514 1538 46648 2 2037933 1134405694 1796475935 119650551
o 335.52 1466465364
Dec 32855 14232736
total 318227 63
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System G Sample Calculations

U=ing a Saturn 20 turbine flak out o make steam for 1.2 COP ab=sorption chiller or steam driven chiller
REAL Amount REAL Amount REAL Amount of Left Ouer After Steam
Amount of of Elect. To of Elect. To Elect. To buy OFF Cost of MMatural Chiller ZOF 1.2 and Extra

Saturn 20 Elect. To buy buy On peak buy Mid peak peak Mlatural Gas to buy  Gas, not adjusted  Thermal Froduced  Heating Meeded
Ponth = | Day = | Hour | = | |kWw LA : E 3 E 3 Therms E 3 Pbh MBH MBH

I=sing a Saturn 20 turbine Flat out to make steam for 1.2 COF absorption chiller or steam driven chiller

REAL Amount REAL Amount REAL Amount of Left Over After Steam
Amount of of Elect. To of Elect. To Elect. To buy OFF Cast of Matural Chiller COF 1.2 and Eutra

Sakurn 20 Elect. To buy buy On peak buy Mid peak peak Flatural Gas to buy  Gas, not adjusted  Thermal Produced  Heating Feeded
Panth — | Day ~ | Hour | —| |kW K E 3 % % Therms % Fbh MEBEH MEBEH
Jan 1 1 1200 E0Z.824 o_on o_on 3IT_F0 BT 92265877 172 9602653 9617 5216 673988 u]
Jan 1 2 1200 60254 000 000 37T 68 16T 92265877 172 9602653 617 BZZ6.28003 [u]
Jan 1 3 1200 G024 00 00 3T 6T 16T 92265877 172 9602653 617 S231.007 736 0
Jdan 1 4 1200 B01.83 00 00 3T 64 BT 22265877 172 AB0ZE53 SE17 B271.245573 0
Jan 1 5] 1z00 E0L7 000 000 3T 62 1ET. 9226277 1729802662 SE17 BzZaa. 70264 o)
Jan 1 E 1z0o EO0LT oo oo 3T 62 1ET. 922087 172 9E0ZEG: SE17 BZATAZTTE o
Jan 1 v 1z00 EO0LYE oo 4644 0.0 1ET.9226877T 172 9E02E62 S9E17 BZVE.54212E o
Jan 1 2 1z00 E0ZA7 oo 46 47 0.0 1ET.9226877T 172 9E02E62 S9E17 5211204901 o
Jan 1 3 1200 E0Z.87 o_on 46 52 LML) BT 9226877 172 9E02653 9617 536 BIZETE u]
Jan 1 n 1200 EO4.47 54 46 o_on LML) BT 92265877 172 9B02653 9617 5I02. 228668 u]
Jan 1 1 1200 E05.EE 54 57 o_on LML) BT 92265877 172 9B02653 9617 B2 462926 u]
Jan 1 12 1200 BOE. 43 54 _ 64 o_on LML) BT 92265877 172 9602653 9617 H308.502013 u]
Jan 1 13 1200 EOE. 74 54 67 o_on LML) BT 92265877 172 9602653 9617 5314 67IITY u]
Jan 1 14 1200 GOG.32 54 _ 68 000 000 16T 92265877 172 9602653 617 5154 GEE3Z3 [u]
Jdan 1 15 1200 BOE 12 54_61 00 000 BT 22265877 172 AB0ZE53 SE17 G243 26347 0
Jan 1 & 1z00 057 54 57 000 o.00 1ET. 9226277 1729802662 SE17 B139.232674 o)
Jan 1 v 1z0o E0G.2 5453 oo 0.0 1ET. 922087 172 9E0ZEG: SE17 5106324533 o
Jan 1 12 1z00 E04.232 54._50 oo 0.0 1ET.9226877T 172 9E02E62 S9E17 BIEG.TE42 o
Jan 1 12 1z00 E04.E2 54_48 oo 0.0 1ET.9226877T 172 9E02E62 S9E17 BUIT.2FTETT o
Jan 1 20 1200 04 4E 54 46 o_on LML) BT 9226877 172 9E02653 9617 B137.149487 u]
Jan 1 21 1200 E04 95 o_on 46 68 LML) BT 9226877 172 9E02653 9617 BO31L27EFI12 u]
Jan 1 22 1200 0434 o_on 46 64 LML) BT 92265877 172 9B02653 9617 5126.397052 u]
Jan 1 23 1200 0473 o_on 46 67 LML) BT 92265877 172 9602653 9617 5133 2020568 u]
Jan 1 24 1200 E04.93 o_on o_on 37T 83 BT 92265877 172 9602653 9617 BOEZ 902353 u]
Jan b 1 1200 G05.41 000 000 37 86 16T 92265877 172 9602653 617 5064 010357 [u]
Jdan z 2 1200 0511 00 00 3T 84 BT 22265877 172 AB0ZE53 SE17 BO7F.053372 0
Jdan z 3 1200 04 EE 00 00 37T 81 BT 22265877 172 AB0ZE53 SE17 BO0AT.074554 0
Jan z 4 1z0o EO04.77 oo oo 3782 1ET. 922087 172 9E0ZEG: SE17 BOZ2.30783 o
Jan z ] 1z00 E05.1 oo oo 3784 1ET. 922087 172 9E0ZEG: SE1T7 4315207205 o
Jan 2 E 1z00 04,02 oo oo ITIT 1ET.9226877T 172 9E02E62 S9E17 B131.322826 o
Jan o v 1200 043 o_on 46 63 LML) BT 9226877 172 9E02653 9617 4952 BG2E u]
Jan o g 1200 E05.07 o_on 46 63 LML) BT 9226877 172 9E02653 9617 4956 340525 u]
Jan b 3 1200 E04.E3 o_on 46 66 LML) BT 92265877 172 9B02653 9617 5134 462632 u]
Jan 2 n 1200 EOE.4 54 _ 64 o_on LML) BT 92265877 172 9602653 9617 B112.771445 u]
Jan 2 1 1200 EOZ.4E 54 _ 82 o_on LML) BT 92265877 172 9602653 9617 G092 727265 u]
Jan b 1z 1200 BI0ES 55 02 000 000 16T 92265877 172 9602653 617 5104 TE4265 [u]
Jan e 13 1200 511.53 5510 00 000 16T 92265877 172 9602653 617 S151.703303 0
Jan z 14 1200 1146 55 08 00 000 BT 22265877 172 AB0ZE53 SE17 B35 453645 o]
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

L=ing a Saturn 20 turbine Flak out ta mak.e steam for 1.2 CZOF absorption chiller or steam driven chiller

ocooooooocooooc o000 o0 oo oooo oo oo oo o oo oo oo oo

REAL Amount REAL Amount REAL Amount of Left Ower After Steam
amount of  of Elect. To of Elect. To Elect. To buy OFF Cos=t of Matural Chiller CZOF 1.2 and Extra
Saturn 20 Elect. Tobuy buy On peak buy Mid peak peak Platural Gas o buy  Gas, not adjusted  Thermal Produced  Heating Pleeded
Fontk = | Day ~ |Hour | = |kW (A% E S 3 E 5 Therms 3 FAbh MBH MBH
Play | ! 1200 E20.65 000 0.0 39.43 1E7. 9225877 1729602653 9617 SZE0.4323T2
Flay il 1200 E42.02 000 49.54 000 1E7. 9226877 1729602653 9617 GZE2.E04514
Flay il 1200 TIEST 000 56 .84 000 1E7. 9226877 1729602653 9617 3444 734236
F1ay 3l 1200 204,24 000 E9.79 000 1E7. 9226277 172.9602EE3 S9E17 4201.051036
F1ay 3l 1 1200 9131 82 81 0.0 000 1E7. 9226277 172.9602EE3 S9E17 3497 266634
Flay k| 1 1200 929.88 83 .78 000 0_on 1E7. 9226877 172 9602653 9E17 434099226
Flay k| 1 1200 93098 83 88 000 0_on 1E7. 9226877 172 9602653 9E17 3294 3442365
Flay k| 1 1200 93047 83 84 000 0_on 1E7. 9226877 172 9602653 9E17 4282971782
Flay k| 1 1200 A03.32 81.93 000 000 167. 32265877 172 9602655 817 3243 303246
Flay k| 1 1200 MzAz 82 18 000 000 167. 32265877 172 9602655 817 HET. 354454
Flay k| 1 1200 91336 82 29 000 000 167.92265877 172 9602653 aE17 05212377
Flay k| 1 1200 1159 82 14 000 000 167.92265877 172 9602653 aE17 4143435082
Flay H 1 1200 T23.48 6519 000 000 1679225877 1729602653 9E17 4644 173053
Flay H 1 1200 524.03 5623 000 000 1679225877 1729602653 9E17 B2B3.7T23568
Play k| 21 1200 E31.99 5694 o.00 000 1E7.922652877 1729602663 9E17 B2T73.2ET024
Play | 2 1200 632046 000 41865 000 1E7. 9225877 1729602653 9617 BET3A4ZTIS
Play | A 1200 Ez29.88 000 48.61 000 1E7. 9225877 1729602653 9617 BZTE.12Z749
Flay il 2 1200 EZ9.6E 000 48.59 000 1E7. 9226877 1729602653 9617 BEVT.FITTO0Z
Flay il 0 1200 63028 000 0.0 3941 1E7. 9225877 1729602653 9617 SZEZ.0EZ0TI
Jun 1 1200 EZ11E 000 oo 5569 1E7. 9226277 172.9602E62 SE17 B231.00zZ922
Jun 1 1200 E20.94 000 oo 55 67 1E7. 9226277 172.9602E62 SE17 B217.926957
Jun 1 1200 E30.9 0_0n 0o.on 55 67 1E7. 9226877 172 9602653 3E17 520285899
Jun 1 1200 E30.93 0_0n 0o.on 55 67 1E7. 9226877 172 9602653 3E17 B17E. 73125
Jun 1 1 1200 E31 0_0n 0o.on 55 68 1E7. 9226877 172 9602653 3E17 5154125115
Jun 1 1 1200 31393 0_0 o0 5577 167. 32265877 172 3602653 BT 5126.961031
Jun 1 | 1200 E4E. 75 0_0 59 92 000 167. 32265877 172 3602653 BT 5054 T14603
Jun 1 1200 T47.95 0_0 59 30 000 167. 92265877 172 9602653 9517 4026964304
Jun 1 1 1200 930,41 0_0 86 20 000 167. 92265877 172 9602653 9517 3559.193594
Jun 1 1 1200 952.29 110_0D o0 000 167 9225877 1729602653 9E17 3599107415
Jun 1 1 1200 938.95 108 46 o0 000 167 9225877 1729602653 9E17 3434.049455
Jun 1 1 1200 93325 107 80 000 000 1E7. 9225877 1729602653 9617 2432148183
Jun 1 1 1200 928.59 10726 oo 000 1E7. 9225877 1F2. 9602653 9E17 S4TEETTATS
Jun 1 1 1200 92E6.8 107.0% oo 000 1E7. 9225877 1F2. 9602653 9E17 S4TEETTATS
Jun 1 1 1200 9Z2E.25 10699 oo 000 1E7. 9225877 1729602653 9E17 3439.052802
Jun 1 1 1200 92077 10636 oo 000 1E7. 9225877 1729602653 9E17 360E.9923259
Jun 1 1 1200 91282 105_5E oo 000 1E7. 9226277 172.9602E62 SE17 ZEZ7.072595
Jun 1 1 1200 T46. 72 26.14 oo 000 1E7. 9226277 172.9602E62 SE17 4122129321
Jun 1 1 1200 E4E.39 T4 73 0o.on 000 1E7. 9226877 172 9602653 3E17 4987 90815
Jun 1 21 1200 E33.19 T3 14 0o.on 000 1E7. 9226877 172 9602653 3E17 5024 5EZ2ES
Jun 1 2 1200 E32.64 0_0n 58_61 000 1E7. 9226877 172 9602653 3E17 5030475992
Jun 1 =4 1200 E32.35 0_0 58 53 000 167. 32265877 172 3602653 BT G067 505313
Jun 1 & 1200 E3217 0_0 5857 000 167. 32265877 172 3602653 BT G033 314662
Jun 1 =0 1200 5314 0_0 o0 55 76 167. 92265877 172 9602653 9517 5096032027
Jun 2 1200 53185 0_0 o0 55 75 167. 92265877 172 9602653 9517 50939.75544
Jun 2 1200 B31.78 0_0 000 55 75 167.9225877 172 9602653 9517 S100.056512
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

Us=ing a Saturn 20 turbine Flat ook to make steam for 1.2 COR absorption chiller or steam driven chiller

REAL Amount REAL Amount REAL Amount of Left Ower After Steam
Amount of of Elect. To of Elect. To Elect. To buy OFF Cost of Matural Chiller ZOF 1.2 and Extra
Saturn 20 Elzct. To buy buy On peak buy Mid peak peak Platural Gas to buy  Gas, not adjusted  Thermal Produced  Heating Pleeded
Month — | Day ~ |Hour |~ |kW kwt E 3 * * Therms= * Fbh MBEH MEBH

Dec | 1 1200 E17.21 55.61 0.00 0.0 1679226277 172.9602E532 917 BIEZ.210247 o
Dec il 1 1200 E12.87 55.22 0.00 0.0 1679225877 172.9602653 9517 BIZE.442314 o
Dec H 1 1200 51013 54._98 000 o0 1679225877 172.9502653 9517 5302.135946 u]
Dec k| 1 1200 E0E 46 54_82 000 0. 1673226377 1723602653 3817 5143 732624 u]
Dec k| 1 1200 E02.01 5478 000 oo 16792265877 1729602653 3E17 B07A.51266E u]
Dec il 21 1200 EDE.74 94 67 0.00 0.0 1679225877 172.9602653 9517 5129.892608 o
Dec o) | 2 1200 BOE. 22 o_on 4683 o_on 1679225877 1729602653 9617 BO60.240642 1]
Deo H 2 1200 E06.74 0.0 46._ 82 0. 1679226877 1729502653 9517 B0S5.072851 u]
Dec k| 2 1200 0603 0.0 4677 0. 1673226377 1723602653 3817 BOZT.EZ1621 u]
Dec | & 1200 E0G12 0.00 0.00 37 .84 1679226277 172.9602E532 917 4997.065632 o
10512000 E161252.17 $307 38946 $115.852 48 N6 77293 147100187 1.515.131.92 84,244 92000 41,850 81685 oo

120000

1,351.001.57

Adjusted Price F1.380.031.74

costs For steam driven chiller
Sauings ouer original MEGATIVE SAVIRGS

Fax Monthly

Demand Cost of Demand

k! +
Month
Jan 919.56 IHSENE
Feb 94465 401265
MAar 9538 3443218
Bpr A57.31 3466.5391
May a52.01 24624181
Jun ar3az 3512.9993
Jul 95643 3488.8123
Aug 351.57 34712ETT
Sep S50 F4E6.E
Ot 95614 24516654
Pdow 93952 3FILEET2
Dec 929.55 3365.6755
rokal £41.225.01
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System H Sample Calculations

U=zing a Saturn 20 Turbine with a combination of a steam turbine to make more electricity,
REAL REAL Needed
Electricity Amount Amount Thermal for 0.7
Thermal Produced  Produced by Cos=t of Matural REAL Amount of Elect. of Elect. left Over COP Additional

Saturn  [High Pressure Backpressure  Total kW Gas, not Total Electrical  Electricity to  of Elect. To To buy To buy Thermal After Absorptio supplement

a0 125p=i steam) steam turbine  produced Platural Gas to buy | adjusted efficiency =ell buy On peak Mid peak O peak Left Heating n Chiller from boiler
Mlontk = | Day | = | Hour | = | | kW bk kW (4 Thermsz % 0_38FITE093 kW E 3 E 3 E 3 MEH MEH MBH MBH
Jan 1 1 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 1012047 000 000 000 4808 50 4532 64 FOT222 -2638 58
Jan 1 2 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 1016047 000 000 000 4808 50 452823 FO46 49 -2518.26
Jan 1 3 1200 9617 V041447157 1904144713 167 9225877 1723602653 1007447 000 000 000 450850 452135 02653 -2505 24
Jan 1 4 1200 9617 V041447157 1904144713 167 9225877 1723602653 1022547 000 000 000 450850 4520 66 6955 40 -2434. T4
dan 1 5 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 102 4447 0.0 000 0.00 480850 451420 GR35 56 -2382_ 36
Jan 1 E 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 102 4447 0.00 0.00 0.00 4808.50 449211 687228 -2ITTFT
Jan 1 7 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 1023947 000 000 000 4808 50 446922 6859.16 -2389.94
Jan 1 k] 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 1019747 000 000 000 4808 50 451619 638026 -2364_ 07
Jan 1 k] 1200 9617 V041447157 1904144713 167 9225877 1723602653 1012747 000 000 000 450850 453091 689621 -2365_30
dan 1 0 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 367472 0.0 000 0.00 480850 4552 44 6347 .51 -2335.07
Jan 1 1 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 9848472 0.00 0.00 0.00 4808.50 455119 E987.22 -2436.63
Jan 1 12 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 A7 71472 000 000 000 4808 50 4592 54 TO5.78 -2423 24
Jan 1 13 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 97 40472 000 000 000 4808 50 4611.52 To37 91 -2426.39
Jan 1 4 1200 9617 V041447157 1904144713 167 9225877 1723602653 AT 22472 000 000 000 450850 4447 21 FO30_36 -2583.15
dan 1 15 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 38 01472 0.0 000 0.00 480850 453111 7022 30 -Z2491.13
Jan 1 & 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 9844472 0.00 0.00 0.00 4808.50 141247 699897 -25825.50
Jan 1 17 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 98 94472 000 000 000 4808 50 437161 698353 -2611.92
Jan 1 13 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 9931472 000 000 000 4808 50 4430 69 698301 -2652 32
Jan 1 13 1200 9617 V041447157 1904144713 167 9225877 1723602653 99 51472 000 000 000 450850 4378 60 6976 67 -2598 07
dan 1 20 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 93 63472 0.0 000 0.00 480850 433507 637101 -2575.94
Jan 1 21 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 9918472 0.00 0.00 0.00 4808.50 427929 695505 -2675.16
Jan 1 22 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 99. 80472 000 000 000 4808 50 437361 695162 -2678.01
Jan 1 23 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 9941472 000 000 000 4808 50 437892 694905 -2570.13
Jan 1 24 1200 9617 V041447157 1904144713 167 9225877 1723602653 9916472 000 000 000 450850 430682 694693 -2640.17
dan 4 1 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 9873472 0.0 000 0.00 480850 432063 668 7H -2648.15
Jan 2 2 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 99.03472 0.00 0.00 0.00 4808.50 4328.27 £959.51 -2631.24
Jan 2 3 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 99 48472 000 000 000 4808 50 433198 693155 -2699.57
Jan z 4 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 9937472 000 000 000 4808 50 4259 41 6924 00 -2664. 59
Jan z g 1200 9617 V041447157 1904144713 167 9225877 1723602653 99 04472 000 000 000 450850 413080 6398 44 -27T67 64
dan 4 3 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 1000647 0.0 000 0.00 480850 433341 685 58 -2546.17
Jan 2 7 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 99.84472 0.00 0.00 0.00 4808.50 414613 E2E0.53 -2714.40
Jan 2 2 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 9907472 000 000 000 4808 50 415292 6865 85 -2712.93
Jan z k] 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 99 45472 000 000 000 4808 50 434275 6385 92 -254317
Jan z 0 1200 9617 V041447157 1904144713 167 9225877 1723602653 AT TH4T2 000 000 000 450850 433787 6314 74 -2576_87
dan 4 1 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 a5 68472 0.0 000 0.00 480850 4134414 6349 56 -2605. 42
Jan 2 12 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 93.46472 0.00 0.00 0.00 4808.50 437049 6984.29 -2613.90
Jan 2 12 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 92 55472 000 000 000 4808 50 4425 44 699811 -2672 6T
Jan z 4 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 92 68472 000 000 000 4808 50 441112 6996 22 -2585.10
Jan z ] 1200 9617 V041447157 1904144713 167 9225877 1723602653 91.34472 000 000 000 450850 4449 34 TO16.98 -2567.14
dan 4 16 1200 617 7041447127 1304 144713 167 3226577 172 AB02653 9121472 0.0 000 0.00 480850 4333 30 7014 06 -2620.26
Jan 2 7 1200 917 TO4.1447187 1904. 144713 1E7 9226877 F2.9E02652 90.60472 0.00 0.00 0.00 4808.50 440626 T008.57 -2601.71
Jan 2 13 1200 9617 T04.1447187 1904144719 167 9226877 172 9E02652 91.39472 000 000 000 4808 50 438158 699022 -2608 64
Jan z 13 1200 9617 T04.1447187 1904144713 167 9226877 172 E02E53 004472 000 000 000 4808 50 436094 6990_39 -2629. 45
Jan z 20 1200 9617 V041447157 1904144713 167 9225877 1723602653 ILTAAT2 000 000 000 450850 429598 696535 -2669_37
Jdan k-4 1 1200 617 7041447127 1304 144713 167 4226577 172 AB02653 157472 0.00 000 0.00 480850 426735 G346 32 -2679.47
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

Using a Saturn 20 Turbine with a combination of a steam turbine to make more electricity.

REAL REAL Needed
Electricity Amount Amount Thermal for 0.7
Thermal Prodused  Produced by Coaesk of Matural REAL Amount of Elect.  of Elect. left Over COP Additional
Saturn  [High Pressure Backpressure  Total kW Gag, not Total Electrical  Electricityto  of Elect. To To buy To buy Thermal Afver Absorptio supplement
20 125psi steam) steam turbine  produced Flatural Gas to buy  adjusted efficiency =ell buy On peak Mid peak OFf peak Left Heating n Chiller  from boiler

Montk = | Day | = Hour |~ | kW Mbh (3] [3) Therms E 03ETITEDST kKW E $ % MEBH MEH MEH MEBH

My N ! 1200 317 7041447187 1904144713 167 9225877 172 9602663 L] 0.00 15.45 0.on 4808 50 4744 23 214574 -3400 5
My H I 1200 1T TO4.1447127 1904144713 167 9225877 1729602663 L] 19.37 000 000 4808.50 476315 BEI7 93 -3934.71
My N 1 1200 317 T04.1447187 1904144713 167 9225877 172 9602663 L] 20.34 000 0.on 4808 50 4775 60 £988.18 -4212 5%
My H 1 1200 1T TO4.1447127 1904144713 167 9225877 1729602663 L] 20.44 000 000 4808.50 478573 903562 -4299.82
My N 1 1200 317 T04.1447187 1904144713 167 9225877 172 9602663 L] 20.39 000 0.on 4808 50 479303 M7 53 -4324 50
lay H 1 1200 91T TO4.1447187 1904144719 167 9225877 1729602663 L] 18.49 0.00 0.00 4808.50 4808.50 9200.90 -4392.40
My N 1 1200 317 T04.1447187 1904144713 167 9225877 172 9602663 L] 18.74 000 0.on 4808 50 4808 50 934122 -4532 72
Ty N n 1200 1T 041447187 1904144713 167 9225877 172 9602663 L] 18.85 000 0.on 4808 50 4808 .50 9447 58 -4639.0%
My N 1 1200 317 T04.1447187 1904144713 167 9225877 172 9602663 L] 18.70 000 0.on 4808 50 4808 50 9383 25 -4574 7
Ty N 1 1200 1T 041447187 1904144713 167 9225877 172 9602663 L] 174 000 0.on 4808 50 4808 .50 8524 85 -3716._3%
My H 1 1200 61T 7041447187 1904144713 167 9225877 172 9602663 B0_11472 0.0 000 LN 4808 50 4804 04 T472 26 -2668 2:
Ty N 21 1200 1T 041447187 1904144713 167 9225877 172 9602663 T2 15472 0.00 000 0.on 4808 50 474412 733605 -2591.9:
My H 2 1200 1T TO4.1447127 1904144713 167 9225877 1729602663 T3.68472 0.00 000 0.0 4808.50 4699 26 7258 86 -2559. 60
Ty N & 1200 1T 041447187 1904144713 167 9225877 172 9602663 T4 26472 0.00 000 0.on 4808 50 4678 64 F218.89 -2540.2F
My H 2 1200 1T TO4.1447127 1904144713 167 9225877 1729602663 T4 48472 0.00 000 000 4808.50 467285 T206.19 -2533. M
My N 2 1200 3617 T04.1447187 1904144713 167 9225877 172 9602663 73 86472 0.00 000 000 4808.50 467158 7220 60 -2549.02
Jun 1 1200 ETT 041447127 1904144713 167 9225877 1729602663 T2.98472 0,00 L 0.0 4808.50 4692 96 732078 -2627.81
Jun 1 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 F3.20472 0.00 000 0.on 4808 50 4688 89 733622 -2647 37
Jun 1 : 1200 ETT 041447127 1904144713 167 9225877 1729602663 T3.24472 0,00 L 0.0 4808.50 4685 76 T356.64 -2670.81
Jun 1 ' 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 T3 21472 0.00 000 0.on 4808 50 4686 12 40210 -2715.9%
Jun 1 ! 1200 JETT 041447127 1904144713 167 9225877 1729602663 T3.14472 0.00 0.00 000 4808.50 4687 63 T443.44 -2755.7¢
Jun 1 1 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 TZ 15472 0.00 000 0.on 4808 50 4696 393 750502 -280%. 62
Jun 1 | 1200 3E17 041447187 1904144713 167 9225877 172 9602663 5739472 0.00 000 0.on 480850 472351 7675 36 -2951.8%
Jun 1 H 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 L] 0.00 4 06 0.on 4808 50 427915 8675 46 -4396.3
Jun 1 1 1200 3E17 041447187 1904144713 167 9225877 172 9602663 L] 0.00 2096 0.on 480850 477621 9763 73 -4987 52
Jun 1 1 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 L] 28 66 000 0.on 4808 50 478832 1028179 -5493 4
Jun 1 1 1200 3E17 041447187 1904144713 167 9225877 172 9602663 L] 2712 000 0.on 480850 479958 1058405 -5784 4
Jun 1 1 1200 61T 70414471537 1804144713 167 8225877 172 SE0ZE63 L] 26 46 000 LN 4808 50 4733 58 10587 31 -5787.T:
Jun 1 1 1200 3E17 041447187 1904144713 167 9225877 172 9602663 L] 2593 000 0.on 480850 479958 1051097 SBT3
Jun 1 1 1200 ETT 041447127 1904144713 167 9225877 1729602663 L] 25.72 L 0.0 4808.50 479958 1051097 SBT3
Jun 1 i 1200 3E17 041447187 1904144713 167 9225877 172 9602663 L] 25 66 000 0.on 480850 479958 1057548 -5775 90
Jun 1 i 1200 ETT 041447127 1904144713 167 9225877 1729602663 L] 25.02 L 0.0 4808.50 479958 1045900 -5E59 4
Jun 1 1 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 L] 2422 000 0.on 4808 50 479958 1025315 -5453 50
Jun 1 1 1200 ETT 041447127 1904144713 167 9225877 1729602663 L] 4.80 L 0.0 4808.50 478556 927758 -4492.0:
Jun 1 1 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 5715472 0.00 000 0.on 4808 50 477098 FET.27 -3100.22
Jun 1 21 1200 ETT 041447127 1904144713 167 9225877 1729602663 F0.95472 0,00 L 0.0 4808.50 474163 775822 -3016.53
Jun 1 2 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 150472 0.00 000 0.on 4808 50 4727 .09 7723058 -2995_9¢
Jun 1 2 1200 ETF 041447187 1904144719 167 9225277 1729602663 L7472 0.00 0.00 000 4808.50 4718.79 TE45.34 -2926.5¢
Jun 1 i 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 197472 0.00 000 0.on 4808 50 471318 7598 34 -2885 1¢
Jun 1 2 1200 3E17 041447187 1904144713 167 9225877 172 9602663 T2 24472 0.00 000 0.on 480850 4708 83 T579.47 -2870.5%
Jun 2 1200 3E17 7041447187 1904144713 167 9225877 172 9602663 T2 29472 0.00 000 0.on 4808 50 4707 51 757072 -2863.2
Jun 2 H 1200 3E17 041447187 1904144713 167 9225877 172 9602663 ¥2 36472 0.00 000 0.on 480850 4706 21 7567 98 -2861.7i
Jun z 1 1200 BT 7041447187 1304144713 167 9225877 172 SE0ZE63 TZ 39472 LN 000 LN 4808 50 4705 00 756603 -2861.0
Jun 2 ' 1200 3E17 041447187 1904144713 167 9225877 172 9602663 TZ 41472 0.00 000 0.on 480850 4703 .03 7586 50 -2883 4
Jun 2 ! 1200 E17 TO4.1447127 1904144713 167 9225877 1729602663 F2.50472 0.00 000 000 4808.50 4702 58 T557.34 -2854.7¢
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

Using a Saturn 20 Turbine with a combination of a steam turbine to make more electricity.

REAL REAL Needed
Electricity Amount Amount Thermal for 0.7
Thermal Produced  Produced by Cost of Matural REAL Amount of Elect. of Elect. left Over COP Additional
Saturn  [High Pressure Backpressure  Total k' Gas, not Total Electrical — Electricitg to  of Elect. To To buy To buy Thermal After Absorptio supplement
20 125p=i steam) steam turbine  produced Flatural Gas to buy  adjusted efficiency =ell buy On peak Mid peak OFF peak Left Heating n Chiller  from boiler

MMonth = | Day |~ | Hour |~ | kW Mbh kW kW Therms % 0387176093 kW % ¥ £ MEH MEH MEH MEBH
Dice H 1 1200 E17 T04.1447127 1904.144713 167 9225877 172 9602602 BE 93472 000 000 0.0 4808.50 4744.62 T199.67 -2455.05
Dl N 1 1200 617 TO4.1447187 1904144713 167 9225877 172 SE02ER3 9127472 000 000 0.on 480850 4671.82 U750 -2445 68
Dice H 1 1200 E17 T04.1447127 1904.144713 167 9225877 172 9602602 93.95472 000 000 0.0 4808.50 4610.24 T05E.95 -2446.71
Dl N 1 1200 617 TO4.1447187 1904144713 167 9225877 172 SE02ER3 95 68472 000 000 0.on 480850 44121 G988 85 -2570.74
Dl N 1 1200 617 TO4.1447187 1904144713 167 9228877 172 9E02E63 9613472 0.0n 0.on 0.on 4808 50 4332 83 636312 -2630.29
Dice H 21 1200 E17 T04.1447127 1904.144713 167 9225877 172 9602602 9740472 000 000 0.0 4808.50 4368.20 6937.38 -2563.18
Diec N 2 1200 17 TO4.1447187 1904144713 167 9225877 172 9E02E63 97 32472 0.0n 0.on 0.on 480850 4286 54 6316_80 -2630.26
Dice H 2 1200 E17 T04.1447127 1904.144713 167 9225877 172 9602602 9740472 000 000 0.0 4808.50 431107 631114 -2600.07
Dl N 2 1200 617 TO4.1447187 1904144713 167 9225877 172 SE02ER3 9B 11472 000 000 0.on 480850 42375 G888 67 -2651.16
Dl N 2 1200 617 TO4.1447187 1904144713 167 9228877 172 9E02E63 98 96472 000 000 0.on 4808 50 420094 G87E. 37 -2677 43
1IE07 84.244.920.00 6.168,307.74 16,680,307.74 14700187 1.515.131.92 495.891.93 $42.974.97 $4.735.25 $0.00 Liiiiiiisd

120000
135100187 elect to zell Cost for Boiler CHY $272.820.66
Adjusted Price $1,380,031.74 $19. 835 68
tons 400.71

cosks for skeam driven chiller wiboiler for supplement
Zavings ower original

Mlax Monthily

Dlermand Cost of Demand

kW ¥
Fanth
Jan 2154152813 TTT.E431654
Feb 240 5052813 BE2.2240654
elar 249 6552813 9012555654
Apr 2B3IEE2R1E 9139266804
Pelay 263.8652813 916 4536654
Jun 268.9852813 9710362654
Jul 2622852813 94E.2492654
Aug 207 4252813 929.3052654
Sep 266.8652213 923 E3TOEDY
Ok 261.9952813 A09.7029654
Mow 230.3752813 243,704 7EGS
Dlec: 2254052813 B12.7130654
ratal £10.721.46
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[FINAL REPORT] DMA Building
Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado

System I Sample Calculations

f a =teamn turbine to make more electricity. Uzing Electric Chiller for additional cooling
MNeeded Electricity REAL REAL REAL
for 0.7 Conwert Needed Amount Amount of Amount
Cost of Matural coP Additional additional for 6.1 Extra of Elect. Elect. To of Elect.
Total khw Gas, not Electricity to  Absorptio supplement  thermal to CoP Electricity To buy On buy RMid To buy
produced Fatural Gas to buy - adjusted =ell n Chiller From boiler (A% Chiller Needed peak peak OFF peak
Month — | Day | — | Hour |~ kW Therms= % kW MEBEH MBH kW kW kW % % ¥
Jan 1 1 13904144713 167 9225877 172 9602653 1013047 For2 22 -2538 58 v43439 121.88 20.58 oon 0.on 1.29
Jan 1 2 13904144713 167 9225877 172 9602653 101.6047 T046_ 43 -2518.26 FIV.E3 12091 1930 oon 0.on 121
Jan 1 3 13904144713 167 9225877 172 9602653 101.7447 T026_ 53 -2505.24 viav2 12028 1854 oon 0.on 1.16
Jan 1 4 13904144713 167 9225877 W2 9602663 102 2547 6955 40 -2434 74 V1307 116_90 14 64 oon 0.on LU b
Jan 1 5 13904144713 167 9225877 W2 9602663 102 4447 EE96_56 -2382 36 BAV.73 114 38 11.94 oon 0.on LU
Jan 1 E 13904144713 167 9225877 W2 9602663 102 4447 EET2 88 -2374 7T E35.51 114.02 1.57 oon 0.on nrz
Jan 1 v 13904144713 167 9225877 W2 96026563 102 3947 625916 -2389 94 E39.95 11475 1235 oon 095 oon
Jan 1 g 13904144713 167 9225877 172 9602653 101.9747 EE80_26 -2364 07 E32.38 113.50 11.53 oon 0.83 oon
Jan 1 q 13904144713 167 9225877 172 9602663 1012747 EE96_21 -2365_30 3274 113.56 1229 oon 095 oon
Jan 1 n 13904144713 167 9225877 W2 602663 99 67472 6947 51 -2395 07 V0145 114939 1532 138 0.on oon
Jan 1 1 13904144713 167 9225877 1729602663 98 48472 E987 82 -2436 63 V1363 116_99 1850 1.67 0.on oon
Jan 1 12 13904144713 167 9225877 W2 602663 A7 71472 F5. 78 -2423 24 v0a.71 116_35 18 63 1.68 0.on oon
Jan 1 12 13904144713 167 9225877 1729602663 97 40472 FO37 . -2426.39 VIOE3 116_50 19.09 1.72 0.on oon
Jan 1 14 13904144713 167 9225877 W2 9602663 97 22472 T030_36 -2583 1% THE54 124 02 2680 24 0.on oon
Jan 1 15 13904144713 167 9225877 172602663 98 01472 F022_30 -2491.19 V2961 11961 21.59 195 0.on oon
Jan 1 1B 13904144713 167 9225877 W2 9602663 98 44472 699897 -2585 50 TRY.23 124 14 25 69 2.3 0.on oon
Jan 1 17 13904144713 167 9225877 W2 9602663 98 94472 6983 53 -2611.92 TE4.97 125 40 26 46 238 0.on oon
Jan 1 12 13904144713 167 9225877 W2 602663 99 31472 E983 .M -2552 32 V4751 122 54 23.23 Z09 0.on oon
Jan 1 13 1304 144713 167 2225277 T2 602663 99 51472 BA76E BT -2598 07 TE0.A1 124 74 2522 227 000 000
Jan 1 20 1304 144713 167 2225277 T2 A602663 99 68472 5a7101 -2575 94 TH4 43 123 68 23.93 216 000 000
Jan 1 21 1304 144713 167 2225277 T2 A602663 99 18472 6Ea55 05 -ZE75_ 16 TEIAG 128 44 2926 000 226 000
Jan 1 22 1304 144713 167 2225277 T2 A602663 99 30472 6A51.62 -2578.01 THS.04 12378 23.97 000 1.85 000
Jan 1 23 1304 144713 167 2225277 T2 602663 99 41472 6E943_ 05 -2570.13 THET3 123 40 23.98 000 1.85 000
Jan 1 24 1304 144713 167 2225277 T2 A602663 9916472 6946 33 -ZE40.17 TTI24 126_76 27 60 000 000 173
Jan 2 1 1304 144713 167 2225277 T2 A602663 98 73472 BA68_ 78 -Z648 15 TTE.55 12714 8 41 000 000 1.78
Jan 2 2 1304 144713 167 2225277 T2 A602663 99 03472 6359 51 -Z631.24 TTOES 126_33 2730 000 000 171
Jan 2 3 1304 144713 167 2225277 T2 A602663 99 48472 633155 -2599. 57 TE135 124 81 25.33 000 000 1.58
Jan 2 4 1304 144713 167 2225277 172 4602663 99 37472 6924 00 -2664 59 TE0.33 12793 28 56 000 000 1.78
Jan 2 5 1304 144713 167 2225277 172 4602663 99 04472 EE98 44 -2TET 64 S10.57 132_88 33 84 000 000 212
Jan 2 B 1304 144713 167 2225277 172 4602663 1000647 [:3:3: 1 -Z2546.17 T46.71 122 25 2218 000 000 1.39
Jan 2 7 1304 144713 167 2225277 172 4602663 99 34472 EEED 53 -Z2714_ 40 TA4.85 130_32 3048 000 2. 35 000
Jan 2 g 1304 144713 167 2225277 172 4602663 A OT472 EEES_£5 -2712 .93 TA4 55 130 25 3118 000 241 000
Jan 2 a 1304 144713 167 2225277 172 4602663 99 45472 331 -254317 74433 122 10 2Z 65 000 1.75 000
Jan 2 n 1304 144713 167 2225277 172 4602663 AT T4472 631474 -2576 87 TE4T0 123.72 25 98 Z 34 000 000
Jan 2 1 1304 144713 167 2225277 172 4602663 A5 6B472 6949 56 -2605 42 TEIO0E 125_08 Z9. 41 Z 65 000 000
Jan 2 1z 1304 144713 167 2225277 172 4602663 93 46472 6984 38 -ZE13.30 TEEES 125 50 3203 Z 89 000 000
Jan z 13 1904.144713 167. 9226877 W2 9E0ZE6E 92 55472 E998.11 -2BFZ 67T THZAT 123.52 30.97 279 000 oo
Jan z 14 1904.144713 167. 9226877 W2 9E0ZEEE 92 EB4TFZ E996.22 -Z585.10 Eirall 124.12 31.43 283 000 oo
Jan z 15 1904.144713 167. 9226877 W2 9E0ZEEE 9134472 FO16.98 -ZBET.14 ¥o.e6 123.25 F1m Z.88 000 oo
Jan z & 1904.144713 167. 9226877 1729602662 921472 FO14.06 -2ZE20.26 TET.H 12580 34.59 312 000 oo
Jan z 1w 1904.144713 167. 9226877 W2 9E0ZE62 9060472 FOO8.57 -ZE01.71 vELIE 124.91 343 .09 000 oo
Jan z 12 1904.144713 167. 9226877 W2 9E0ZE6E 9139472 6990.22 -ZE08. 64 TE4.01 125.2% 33.89 .05 000 oo
Jan z 13 1904.144713 167. 9226877 W2 9E0ZE6E 9004472 699038 -2ZE29 4% Froao 12625 FE.20 3.26 000 oo
Jan z 20 1904.144713 167. 9226877 W2 9E0ZEEE B1L.T74472 G965 35 -ZEE9.37 vELYR 128.16 JE.42 3.28 000 oo
Jan z 21 1904.144713 1679226877 W2 9E0ZE62 . D1.5T47F2 6946 82 -ZET9. 47 TE4TE 12865 IF.07 ooo Z.86 ooo
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Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
of a =keam turbine bo make more electricity. Using Electric Chiller For additional cooling
Needed Electricity REAL REAL REAL
For 0.7 Convert Needed Amount Amount of Amount
Cost of Matural CoP Additional additional For 6.1 Extra of Elect. Elect. To of Elect.
Taokal kW Gas, not Electricity to - Absorptio supplement  thermal to CcCoP Electricity To buy On buy Mid To buy
produced klatural Gas ko buy - adjusted =sell n Chiller from boiler kot Chiller Needed peak peak OFF peak
Fonkh = | Day ~ | Hour |~ | kW Therms 3 kW MBH MBH kwf kw kW E 3 E 3 E 3
May kal 1304144713 1E7. 9226877 T2 9802662 B2 12472 T239.99 -255E 56 74275 12275 E0E2 0.0 4.68 000
May kal 1304144713 1E7. 9226877 172902662 o THTI 81 -3519.52 102072 168 98 20141 0.0 15.54 000
Ilay kil 1304 144713 167 2226877 172 AE0ZEG] 1] 214574 -3401.51 93622 163 31 363.51 0o 28 05 LIRITi}
Play K1 il 1904144713 1679225877 1729602653 L1} BEAT 93 -3934.78 15240 188.92 403 87 36_39 000 oo
Play K1 1 1904144713 1679225877 1729602653 L1} 338818 -4212.58 123376 202 26 427 99 38 56 000 oo
Play ki 1 1904144713 1679225877 1729602653 L1} 9085 62 -4299_83 1259.31 206_44 433 26 3904 000 oo
Play ki 1 1904144713 1E7. 9225877 1729602653 L1} M7 53 -4324 50 1266.54 207 63 433 9% 3910 000 oo
Pelay ki 1 1904144713 1679225877 172 9602653 L1} 920090 -4392_ 40 128642 210_89 41606 37 49 000 oo
Iay il 1 1304144713 1679226877 P2 202653 o 234122 -4532.72 132752 217 63 425 60 3835 000 0.0
May | n 1304144713 1BV 9220277 172 9E0ZERT o 9447 .58 -4E39.08 1362.E7 22273 431.95 3892 000 0.0
May kal 1 1304144713 1E7. 9226877 172902662 o 9383.25 -4574.75 132083 21964 42713 IE49 000 000
May kal 1 1304144713 1E7. 9226877 172902662 o 8524 .85 -3716.35 102242 17843 197.77 17.82 000 000
Ilay kil 1 1304 144713 167 2226877 172 AE0ZEG] B0 11472 TATZ2 26 -2668_22 TE145 128 11 47 93 432 000 LIRITi}
Iay kil 21 1904144713 167 8226877 T2 9602653 T2 15472 733605 -2591.93 THAN 124 44 5229 4+.71 000 LIRITi}
Play K1 2 1904144713 1679225877 1729602653 T3 68472 T258 86 -2559.60 T4364 12289 4921 000 380 oo
Play K1 2 1904144713 1679225877 1729602653 T4 26472 T218.89 -2540_2%5 T4397 12196 AT 70 000 3. 68 oo
Play ki 2 1904144713 1679225877 1729602653 T4 48472 T206.19 -2533.34 74195 121.63 4715 000 3. 64 oo
Play ki o 1904144713 167 9225877 1729602653 T3 86472 T220.60 -2549.02 T46.54 12238 48 52 000 000 303
Jun 1 1904144713 1679225877 1F2OE02602 72 98472 TIZ0.78 -2627. 82 TEIE2 12617 5318 LI .00 463
Jun 1 H 1904144713 1BV 9220877 1F29E02ER2  FR20472 TIFE.22 -2E47 33 TR 127.10 53 90 LI .00 4.76
Jun 1 : 1304144713 1E7 9226877 P2 9802662 TR 24472 TI56.64 -2E70 88 TE2.23 12823 5493 LI 000 485
Jun 1 ' 1304144713 1E7 9226877 1729802662 T3 21472 T40Z 10 -2715.98 Ta5.44 12040 5713 LI 000 5.05
Jun 1 1 1304144713 167 3226877 1723602653 T3 14472 T443 44 -2755.75 S07 .03 13231 5917 0o .00 522
Jun 1 1 1904144713 167 8226877 1729602653 72 15472 TH05 02 -2808 63 G2z 52 134 85 62 63 0o .00 553
Jun 1 | 1904144713 16T 9225877 1F2 9602653 57 39472 TETS 36 -2951.85 86452 141.73 84 33 000 T 81 oo
Jun 1 i 1904144713 16T 9225877 172 9602653 L1} BETS 46 -4396_31 128757 211.08 254 88 000 23 .61 oo
Jun 1 | 1904144713 16792265877 1729602653 L1} AT6I T3 -4987 52 HE0 T2 239 46 46573 000 4315 oo
Jun 1 il 1904144713 167 92265877 172 9602653 L1} 1028179 -5493 47 1E0E2.90 26375 51190 5913 0.on oo
Jun 1 1 1904144713 167 92265877 172 9602653 L1} 10584 05 -5784 47 169413 27773 51253 59_20 0.on oo
Jun 1 i 1904144713 1679225877 P2 9802653 o 1058731 -STET. 73 163503 277.88 50693 556 .00 LIRLL
Jun 1 1 1904144713 1BV 9220877 172 9E0ZERT o 10510.97 571139 Ey2.72 27422 498 66 57 60D .00 LIRLL
Jun 1 1 1304144713 1E7 9226877 172 9E0ZERT 1] 10510.97 5711339 ) eyl 27422 496 87 5739 000 LR
Jun 1 1 1304144713 167 3226877 172 AE0ZEG] 0 10575 48 -5775.90 163162 2773 499 42 57 63 .00 LIMIT}
Jun 1 | 1904144713 167 8226877 172 9E02653 0 10453 00 -5659. 42 1657 .50 27172 488 35 5641 .00 LIMIT}
Jun 1 1 1904144713 16T 9225877 172 9602653 L1} 1025315 -5453 57 159721 26184 471.51 54 _46 0.on oo
Jun 1 1 1904144713 16T 9225877 172 9602653 L1} 27T 58 -4492.02 1315.60 21567 257 25 2971 0.on oo
Jun 1 1 1904144713 16792265877 1729602653 57 15472 T8F1.27 -3100_29 90g.00 14885 1LT0 1059 0.on oo
Jun 1 21 1904144713 167 92265877 1729602653 FO 95472 IIng 22 -3016_53 a23.47 144 83 T3 88 853 0.on oo
Jun 1 2 1904144713 167 92265877 172 9602653 T1LH0472 TT2I 05 -2995_96 87744 143 84 T2 34 000 .70 oo
Jun 1 2 1904144713 1679225877 IF29E02602 TLTI472 TE45.34 -292E 55 2570 140.51 6872 LI 637 LIRLL
Jun 1 2 1904144713 1BV 9220877 1F29E02ER2  T197472 Te9E. 34 -2885.16 24499 13852 EE. 55 LI E17 LIRLL
Jun 1 2 1304144713 1E7 9226877 1729802662 T2 24472 TET9.47 -2870.58 s40.72 137 82 65 .58 LI 000 5.73
Jun z 1304144713 1E7 9226877 1729802662 T2 29472 TETO.F2 -2863.21 dct-Ra ) 137 47 E5.17 LI 000 575
Jun z | 1304 144713 167 3226877 1723602653 T2 36472 THET 98 -Z2861.77 23814 137 40 6504 0o .00 574
Jun 2 H 1304144713 167 8226877 1729602653 T2 39472 THE6 09 -2861.09 83794 137 37 6497 000 LI 573
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April 1, 2010

[FINAL REPORT]
Pavel Likhonin
Mechanical Option

Fort George G. Meade, MD

DMA Building

Advisor: Professor Treado

F a skeam turbine bo make more electricity.

Uszing Electric Chiller for additional cooling

MNeeded Electricity
For 0.7 Convert Meeded
Cost of Matural COFP Additional additional For E1 Extra REAL Amount REAL Amount REAL Amount

Total kw Gas, not Electricity to Absorptio supplement from  thermalto COP Electricity of Elect. To of Elect. To of Elect. To

produced Mlatural Gas to buy  adjusted zell n Chiller  baoiler (A7) Chiller MNeeded buy On peak buy Mid peak  buy OFF peak
Manth = | Day | = | Hour |~ | kW Therm= £ kW MBH MBH kW kW kW S E %
D 1l 1 1904.144719 1679225877 17296026562 86 93472 TI199.67 -2455.0% Fla.oz 1nr. 87 3094 273 0.00 o.0n
Dec i i 1904144719 1673225877 1F2960265% 91.27472 N7 50 -2445 68 TIE23 17 42 2615 236 0.00 o.0n
Dec il T 1904144719 1673225877 17296026562 93 95472 T056.9%5 -2446.T1 TIESS 17 47 2352 212 0.00 o.0n
Diec #H 1 1904.144719 1679225877 1729602653 99.68472 6988 85 -2570.74 TEZ.90 123.43 27.74 2.50 0.00 0.00
Diec #H 1 1904.144719 1679225877 1F2.9602653 9613472 6963.12 -2630.29 Tr034 126.29 30,15 272 0.00 0.00
Diec #H 21 1904.144719 1679226877 1729602662 9740472 693728 -2569.18 TEZ.45 123.39 25.95 234 0.00 0.00
Diec #H 2 1304.144713 1673225277 1729602663 97.32472 6916.80 -2630.26 7054 126.28 28.96 000 2.23 0.00
Diec #H 2 1304.144713 1673225277 1729602663 9740472 691114 -2600.07 TE143 124.84 2743 000 212 0.00
Diec #H 2 1304.144713 1673225377 1723802663 9811472 6888 67 -Z651.16 TTE46 127.29 2917 L] 225 0.00
Diec #H 2 1304.144713 1673225377 1723802653 9896472 6878 37 -26TT 43 T54.15 128.55 29.58 L] 0_00 185

16.680.307.74 147100187 1.515.131.92 495.891.93 29,335,554 47 $105 37036 $20.038 67 $9.295 84
120000
1,351,001.87 elect ko sell $272. 820 66
Adjusted Price $1.380,031.74 $19.835 68
40071

Plax Monthly

Dlemand

(A%
Mlonth
Jan 215.4152813
Feb 2406062812
Mar 2496662813
Apr 2631662812
May ZETOERZE
Jun ZESA362E3
Jul 262 2E52313
fug 267 4262313
Sep 266 8652813
Ot 2619952813
=10} 236 ITHZE
Dec 2264052313

Cost of Demand

¥

FPPE4I1E0S
SEZ.2240804
012665654
9129266604
ME462EE04
9710362664
946 8493654
929.3052654
923 637EEG4
A09.7029654
949,704 7664

$13.7130654
31072146

costs for steam driven chiller wiboiler for suppl

Sauings ower original
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P12z Planthly
Demand

k.l

B23.82

EOE.TE

ekl

TETA2

TOE.42

ava.EE

90447

283.08

S47.77

FTEAT

TI5.48

B50.92
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Pavel Likhonin Fort George G. Meade, MD
April 1, 2010 Mechanical Option Advisor: Professor Treado
Assumptions
2390 kW 2380 kW Costper  Costper
1801 kw! 2390 kW 2390 kW Jenbacher IC Jenbacher IS Selling Thermup Thermup .
1801 k' Jenbacher  Jenbacher IC Jenbacher IC Jenbacher IC Engine Elec Engine Thermal  back b 10,000 ko 10,000 Hriginal Enargy Charge
IC Engine Elec Engine Thermal  Engine Elec Engine Thermal  Efficiency wWhen  Efficiency when  elect therms(d  therms($
Efficiency Efficiency Efficiency Efficiency Load following  Load following  $ikw 1 1
0429 0.432 0426 0.434 0.415 0425 0.0z 103 0493 Summer June 1-Sepk 30 Mon-Summer [Oct 1- May 31)
On-Peak | Mid-Peak| Off-FPeak | On-Peak | Mid-FPeak| OF-Peak
Cikwh 1551 9.265 $2.82 a.01 7T EZB3  |Demand
$ikwh 001551 | 0092685 | $0.09 00301 | 0077 | 008253 361
11 0127081 0I5 0047084 00331 0024337 0065TE3 247
12 0138612 0E 0105888 010312 0.0592604 0075036 4332
13 018063 0120445 014712 ON713 0100321 0081289 4693
Original Mat Gas Cost Original Mat Gas Cosl 14 0IETT14 012971 0123636 012614 0108038 0037542 5.054
Cost per Therm  Cost per Therm Costper  Cost per 15 0473265 0133975 043236 0435156 OMETE5 0093745 5.415
1 103 033 1 103 043 16 0124318 004824 04124 00446 0123472 0100042 5776
1.04 10712 0396216 11 1133 105389 1.7 0196367 0457505 04500028 QASHY 013128 0108301 £.137
1.08 11124 1034532 12 1236 114948 18 020718 O0UBET? 0453832 0168 0138908 0112554 E.433
112 11536 1072848 13 133 124527 14 0213489 0178035 01ETESE 017113 0048623 0118807 E.253
116 11345 1111164 14 1442 13408 2 0232 01853 017848 01302 015434 012608 722
12 1236 114943 15 1545 143885
124 12772 1187796 16 1648 153264
128 13184 1226112 17 1781 1E2843
Selling Cost per cost per Electrizal Steam Steam
back Thermbelow  therm above Efficiency Turbine  Turbine Energy Charge
elect 10,000 therms 10,000 fFar Electrical Thermal
kW [¥] therms= Saturn 20 EFficiency Efficiency
ooz 103 04z 0244 025 05 Summer June 1-Sept 210 Mon-Summer [Oct 1- May 31) Demand Charge
On-Peak. | Mid-Feak| OF-Feak. | On-Feak. [ Mid-Feak| OfF-Feak 3Bl
CikWwWh 11.551 4265 042 4.0 7.7 E.253
$lkwh 011551 0.092E5 #0.09 00901 0OFA7 | 006253

PSUAE | Appendix D: Sample Calculations
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“The greater danger for most of us lies
not in setting our aim too high and
falling short; but in setting our aim too
low, and achieving our mark.”

Michelangelo
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