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Introduction

Syracuse University as part of the Syracuse Center of Excellence (SyracuseCoE) has installed a
Freewatt micro-CHP system at a home on the Near Westside of Syracuse. The purpose of this
field test is to measure and confirm the energy and environmental performance of this innovative
system.

This residential-scale combined heat and power (CHP) system has been developed by Climate
Energy (www.climate-energy.com). The system includes a natural gas-driven engine generator
that provides about 1.2 kW of electric power for the home. Waste heat from the engine is used
to provide space heating for the home. The system combines a Honda engine generator and a
conventional gas furnace for backup or auxiliary heating. The furnace includes a hot water coil
in order to use heat from the engine jacket to provide 12 MBtu/h of space heating. The furnace
is a 93% efficient, two-stage, 60 MBtu/h furnace. On cold days both the engine and the furnace
operate together to meet the load. A photo of the Warm-air FreeWatt System is shown below in
Figure 1. A simple schematic of the system is shown in Figure 2.

Figure 1. FreeWatt Warm-air System (Model WA-AQ060)
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Figure 2. Schematic of FreeWatt System with Monitoring Points Shown

Data Acquisition System and Instrumentation

The data acquisition system (DAS) is based around a Campbell Scientific CR10X data logger.
The CR10X samples all sensors once every 5 seconds to provide averages and totals for each 15-
minute data record. The logger is called and data downloaded each night by phone modem and
the data are presented at a custom web site.

Table 1 lists the data points that are monitored at this site. The points are also shown above in
Figure 2.

Table 1. Monitored Data Points For FreeWatt System

Channel |Logger

Type Chan Name Description Eng Units |Instrument

Pulse P1 FG Gas Flow to Engine & Furnace CF AMCO-250 Gas Meter (0.25/pulse)
Pulse P2 WE Power Export from Furnace kWh WattNode WNB-3Y-208-P (30 amp CTs)
Status C1l SF Fan Status/Runtime min Veris H800

Status SE Engine Status/Runtime min Calculated from WE

Pulse €7 WTI Uty Power Import KWh | WattNode WNB-3Y-208-P (100 amp CTs)
Pulse Cc8 WTO Utility Power Export

Analog SE2 TAS Supply Air Temp. from Furnace °F Watlow Type T-TC AFGCQTA080U825M
Analog SE3 TAR Return Air Temp. to Furnace °F Watlow Type T-TC AFGCQTA080U825M
Analog SE4 TWS Temp. of HW from Engine °F Watlow Type T-TC AFECOTA040U840M
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The gas used by the system (FG), for either furnace or engine operation, is measured by separate
gas meter equipped with a pulse output. The power output from the engine generator (WE) is
measured by a WattNode power transducer. The total power imported from the utility (WTI) is
also measured by a power transducer. The bidirectional power meter can also measure the power
exported back to the utility (WTO), at times when consumption inside the house is less than the
generator output. The supply air temperature (TAS) and the return air temperature (TAR)
provide an indication of the amount of heat added to the air stream. TAR is also a good
surrogate for the house interior temperature. The water temperature supplied from the engine
jacket (TWS) indicates when heat recovery is being used to provide space heating.
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APPENDIX A — Monitoring Details

CR10X Data Logger

Analog Terminals

SE1

E3
AG

SE2
AG

SE3
AG

SE4
AG

Red

Black

Clear

SES5

E2

SE6
AG

Blue

CR10TCR

Red

SE7

Blue

AG

Red

SE8

Blue

AG

Red

SE9

AG

SE10

AG

SE11

AG

Reference Thermocouple

Supply Air Temperature
Type T-TC

Return Air Temperature
Type T-TC

Water Supply Temperature
Type T-TC
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CR10X Data Logger

Pulse Terminals

blue

P1

white

G

P2

Red

FG

Black

CR10X Data Logger
Digital Terminals

C1

WE
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Black
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SF

WTI/WTO

Gas Meter
AM250 with Pulser (0.25 CF/p)

Engine Power Output

WattNode WNB-3Y-208-P, 30 amp CTs
Multiplier = 0.00075 kWh/p

Supply Fan Status/Runtime
Veris H800

Home Meter Import/Export

WattNode WNB-3Y-208-P, 100 amp CTs
Multiplier = 0.025 kWh/p
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Thermocouples installed in Ductwork
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_Campbell Program

FreeWatt Demonstation Site, 419 Marcellus St, Syracuse

Output Array

H XX Campbell Output Code

H 2 1D Record ID (0 - 15 minute)

H 3 Year

; 4 HHMM

H 5 Day

H 6 Sec

H 7 TAS Supply Air Temperature from Furnace
H 8 TAR Return Air Temperature to Furnace

M 9 TWS Temperature of Hot Water from Engine
; 10 SF Fan Status/Runtime

H 11 SE Generator Module Status/Runtime

M 12 FG Gas Flow to Engine & Furnace

H 13 WE Power Export from Furnace

H 14 WTI Utility Power Import

H 15 WTO Utility Power Export

H 16 VBAT Battery Voltage

H 17 TREF Reference Thermocouple Temperature (C)

;Table 1 Program
01: 5 Execution Interval (seconds)
; - SCAN RATE CONSTANTS

1: Z=F x 10"n (P30)

1: 60 F

2: 0 n, Exponent of 10
3: 1 Z Loc [ SIXTY 1
2: Z=F x 10”n (P30)

1: 5 F

2: 0 n, Exponent of 10
3: 2 Z Loc [ SCAN_SEC 1]
3: Z=X/Y (P38)

1: 2 X Loc [ SCAN_SEC 1]
2: 1 Y Loc [ SIXTY 1
3: 3 Z Loc [ SCAN_MIN ]
4: Z=X/Y (P38)

1: 3 X Loc [ SCAN_MIN ]
2: 1 Y Loc [ SIXTY 1
3: 4 Z Loc [ SCAN_HR 1]
; - BATTERY VOLTAGE
5: Batt Voltage (P10)

1: 5 Loc [ VBAT 1

; Reference Thermocouple

6: Temp (107) (P11)

1: 1 Reps

2: 1 SE Channel

3: 3 Excite all reps w/E3
4: 6 Loc [ TREF_C 1

5: 1.0 Mult

6: 0.0 Offset

; Gas Flow to Engine
; NEED MULTIPLIER

7: Pulse (P3)
Reps
Pulse Channel 1
Switch Closure, All Counts
Loc [ FG 1
.0 Mult
.0 Offset

U WN
ORr NN

; Power Export from Furnace
; Wattnode WNB-3Y-208-P
; NEED MULTIPLER

8: Pulse (P3)
B Reps

Pulse Channel 2

Switch Closure, All Counts

DU WNPE
OQOWNNPE

Loc [ WE
.00075 Mult
.0 Offset
9: Thermocouple Temp (SE) (P13)

1: 3 Reps
2: 22 7.5 mV 60 Hz Rejection Range
3: 6 SE Channel
4: 1 Type T (Copper-Constantan)
5: 6 Ref Temp (Deg. C) Loc [ TREF_C 1
6: 11 Loc [ TAS 1

SE6
SE7
SE8
Cl
c2
P1
P2
c7
c8

SE1
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7:
8:

1.8
32

Mult
Offset

; Status Sensors
C1 - Supply Fan
C2 - Generator Module Status

10: Set Port(s) (P20)

1: 8800 C8..C5 = input/input/low/low
2: 0088 C4..C1 = low/low/input/input
11: Read Ports (P25)

1: 1 Mask (0..255)

2: 14 Loc [ SF_ST 1

12: Read Ports (P25)

1: Mask (0..255)

2: 15 Loc [ SE_ST 1

5 WTI, WTO

; Wattnode WNB-3Y-208-P
; NEED MULTIPLIER

[

ODURWNEFE®

Pulse (P3)

Reps

Control Port 7 (switch closure only)
Switch Closure, All Counts

Loc [ WTI

Mult

Offset

OO ONNN

.0025
.0

[

Beginning of Loop (P87)
Delay
Loop Count

N O

If (X<=>F) (P89)
14 -- X Loc [ SF_ST
2 <
0.0 F
30 Then Do

1

B WNEFO

16:
1: 3
2: 16

Z=X (P31)
X Loc [ SCAN_MIN
-- Z Loc [ SF_MIN

1
1

Else (P94)

18: Z=F x 10~n (P30)

1: 0.0 F

2: 00 n, Exponent of 10
3: 16 -- Z Loc [ SF_MIN 1

19: End (P95)

20: End (P95)
; Accumulator Logic
21:

1:
2:

If Flag/Port (P91)
12 Do if Flag 2 is High
30 Then Do

22:  Z=X+Y (P33)
1: 22 X Loc [ HR_ACC 1
2: 4 Y Loc [ SCAN_HR ]
3: 22 Z Loc [ HR_ACC 1
2 Beginning of Loop (P87)
Delay

3:
1: 0
2: 4

2

4:
1:
2:
3:

N

WN PO

26:

27:
28:

2: 9

29:

1:

2:
3:

22
1 28

Loop Count

Z=X+Y (P33)
18 -- X Loc
7 -- Y Loc
18 -- Z Loc

FG_ACC
FG_ACC

Z=X/Y (P38)

18 -- X Loc
Y Loc

-- Z Loc

FG_ACC
HR_ACC
FG_CFH

End (P95)
Else (P94)

Beginning of Loop (P87)
1: 0000

Delay
Loop Count

Z=F x 10~n (P30)
0.0 F

00
18

n, Exponent of 10
-- Z Loc [ FG_ACC

[

ol b b

1
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30: End (P95)
31: End (P95)

32: Do (P86)
1: 1 Call Subroutine 1

*Table 2 Program
02: 0.0000 Execution Interval (seconds)

*Table 3 Subroutines

1: Beginning of Subroutine (P85)
1: 1 Subroutine 1

2: If time is (P92)

1: 0 Minutes (Seconds --) into a

2: 15 Interval (same units as above)
3: 10 Set Output Flag High (Flag 0)

3: Z=F x 10™n (P30)
F

1: 0.0

2: 00 n, Exponent of 10
3: 28 Z Loc [ ID 1
4: Sample (P70)

1: 1 Reps

2: 28 Loc [ ID 1
5: Real Time (P77)

1: 1111 Year ,Day,Hour/Minute,Seconds (midnight = 0000)
6: Resolution (P78)

1: 1 High Resolution
7: Average (P71)

1: 3 Reps

2: 11 Loc [ TAS 1
8: Totalize (P72)

1: 2 Reps

2: 16 Loc [ SF_MIN 1
9: Totalize (P72)

1: 4 Reps

2: 7 Loc [ FG

10: Average (P71)

1: 2 Reps

2: 5 Loc [ VBAT 1

11: Do (P86)
1: 20 Set Output Flag Low (Flag 0)

12: End (P95)

End Program

1 [ SIXTY 1 RW-—- 2 1 e e oo
2 [ SCAN.SEC ] RW-- 1 1 e e o
3 [ SCANMIN ] RW-- 2 1
4 [ SCANHR ] RW-- 1 1
5 [ VBAT 1 RW-—- 1 1
6 [ TREEC ] RW—— 2 1
7 [ FG 1 RW-- 2 1
8 [ WE 1 RW-—- 1 1
9 L wTi 1 RW-- 1 1
10 [ wro 1 RW-- 1 1
11 [ TAS 1 RW-—- 1 1
12 [ TAR 1 RW-- 1 1
13 [ TwS 1 RW-- 1 1
14 [ SF_sT ] -—— o0 0
15 [ SE_ST ] -—— o0 0
16 [LSEMIN ] RW—-— 1 1
17 [SEMIN ] R— 1 0
18 [FGACC ] -W-- 0 2
19 [WEACC ] ---—— © 0
20 [WIIACC ] ---—— 0 0
21 [WioACC ] ---—— O 0
22 [ HR.ACC ] RW-—- 2 1
23 [FGCFH ] -W-- o0 1
24 [ WE_Kw ] -—— o0 0
25 CWilkw ] --—-—— o0 0
26 LWlOoKkW ] ---—— 0 0
7 [ ] — o 0
28 [ 1D 1 RW-- 1 1
29 L 1 -—— o0 0
30 [ ] -—— o0 0
31 L 1] -— o0 0
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freewatt HEATING CAPACITIES — NATURAL GAS

Model

WA-AO060N-01

WA-AO80N-01

WA-A100N-01

Honda MCHP

Input (BTU) 0-2,000"

18,500

18,500

18,500

Output (BTU) 0-2,000’

12,000

12,000

12,000

Furnace

Input (BTU) 0-2,000"

60,000

80,000

100,000

Output (BTU) 0-2,000

55,800

74,400

93,000

Furnace Efficiency (AFUE)

Cooling Capacity (tons)

93%

3

93%

AIRFLOW AND COOLING

4

93%

4

Heating - Max cfm @ 0.20” WC

1,200

1,700

1,800

Cooling - Max cfm @ 0.50” WC

1,200

1,600

1,700

Motor — ECM Direct Drive

Supply Air (F x G)

% hp

DUCTWORK CONNECTION D

16 x 20

% hp
IMENSIONS
17.5x 20

% hp

19.5x 20

Return Air (D x E)

Venting Length (ft.) — Furnace (3”)

14 x 22

100 ft.

14 x 22

100 ft.

14 x 22

MAXIMUM VENTING LENGTHS (EACH ELBOW EQUALS FIVE FEET)

100 ft.

Venting Length (ft.) — Honda MCHP (2”)

90 ft.

90 ft.

90 ft.

Model WA-A

MERV Rating:

Air Flow Rating:
Medium:
High:

Resistance:
Medium:
High:

Face Area:

Listed.

Media Area/Face Area:

freewatt Air Filter Details

8

1,400 cfm
1,750 cfm

0.19 W.G
0.29 W.G.

18.6 sq. ft.
1.0 sq. ft.

The filter is Class 2 Approved and

Model WA-A

MCHP EXHAUST

12" MIN BETWEEN
INTAKE & EXHAUST

MAINTAIN 12" MIN ABOVE
ANTICIPATED SNOW LEVEL

FURNMACE EXHAUST

Typical Roof Vent/Intake Terminations

l 3'MAX

FURNACE
COMBUSTION AIR

Consult Installation Manuals for more details.

Model WA-A

Typical Sidewall Vent/Intake Terminations

EXHAUST—

\_FURNACE \ FURNACE

EXHAUST

INTAKE

GRADE OR ANTICIPATED/

SNOW LEVEL

Consult Installation Manuals for more details.

Model WA-A
Grid Interconnection

359-4500.

The Honda MCHP unit must be grid interconnected in order to operate properly. Depending on the state’s
regulations and the electric utility, different grid interconnection application processes are required. Climate
Energy is actively educating state governments and electric utilities about the benefits of Micro-CHP and how the
freewatt system can be a critical component in their energy conservation portfolio. If any questions surface during
the grid interconnection process, please contact your Climate Energy product technician or Climate Energy at 508-

ecycling
energy "

‘ CHP It's time

Climate
Energy

93 West Street

Medfield, MA 02052

1.508.359.4500 Fax 508.359.9755
Web site: www.climate-energy.com




