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Demand-Controlled Set-back DHW Thermostat Controller replacement of an existing DHW constant-temperature controller (Multifamily Residential)
PART 1 -  General

1.01 MDSS Measure Code:  xxx

1.02 Application Code:  xxx

1.03 Equipment Measure(s):

A. Demand-controlled set-back domestic-hot-water (DHW) controller replacement of an existing DHW constant-temperature controller for multifamily residential applications.

PART 2 -  Measure Information

2.01 Description

A. A typical equipment arrangement for this measure consists of a boiler (or generically a gas-fired hot-water generator), a storage hot-water tank (if not already part of the gas-fired hot-water generator, or colloquially a storage water heater), a recirculation pump, and a network of piping to communicate the heated domestic hot water (DHW) throughout the complex.   Savings are achieved by retrofitting an existing constant-temperature controlled recirculating water heating system with a demand temperature controller that modulates its setpoint continually to meet the demand between a minimum and maximum setpoint.  As demand decreases (e.g., after a morning demand due to bathing and food preparation), the temperature sensor recognizes a decrease in demand and set-backs the leaving or supply DHW temperature setpoint to a lower setting.   As the day progresses and still no demand occurs the setback setpoint is continually lowered possibly to its minimum setpoint if the demand so dictates.   When the demand increases, the setpoint is raised again as needed until it may ultimately return to its original “maximum” setpoint.   The controller typically has built-in artificial intelligence (A/I), whereas it keeps a record of the past number of days essentially memorizing the site’s actual demand-load schedule profile.   This information is used to anticipate future demand needs so as to minimize a time lag in the DHW system’s ability to meet a sudden demand.

2.02 Market Applicability

A. The target market for this measure is multifamily residential unit complexes such as apartments and town-homes that utilize gas-fired hot-water generator systems with mechanically pumped recirculation loops.  Due to equipment standards, construction standards, and the age of the distribution system, this program is divided into two segments.  These are the Pre1970 and the 1970 through Present segments.

B. The reason for the pre1970 construction era segment is to take advantage of the observed performance deficiencies associated with this generation.   This observation was discovered from the experienced garnered from the 3rd-Party Program that implemented this measure during the mid to late 1990s.   The results seemed to be excessive and outstanding.   By performing oral interviews with the consultant who executed this program, a knowledge base was developed that indicated an opportunity existed that should be segmented and encouraged through this rebate program.   Basically, the success the consultant experienced was driven around finding the right candidates.   The criteria that qualified the right candidate was, among other conditions, old and uninsulated pipe loops, leaking valves pipes and fittings, inefficient boilers, undersized boilers.   These conditions generally can be found at older constructed era complexes.   This leads us to identifying the pre1970 construction era as viable market segmentation.   We are also revising the terms and conditions to capture construction date information.   

2.03 Terms and Conditions

A. Only hot-water generation systems used primarily for domestic hot-water heating uses qualify.   The incentive applies only to gas equipment affected by the installation of this controller (i.e., neither new construction nor fuel switching applications are eligible).   Hot-water generation systems used for pools or spas do not qualify.   The controller manufacture’s name, equipment model number, input capacity of the hot-water generator, the output capacity or thermal efficiency rating of the hot-water generator, and year the multifamily unit complex was built must be provided.   If more than half of the square-footage served by this controller is due to an addition to the complex, then use the complex addition’s construction year.   If requested by the Utility, customers must provide proof of purchase to the Utility.

2.04 Cost Effectiveness Modeling Measure Data

A. Document research and simulation models (both externally and internally developed by SoCalGas) were used in determining Annualized Natural-Gas Energy Savings associated with this technology.  Research included separate studies performed by ASHRAE
 and a second one by Robert Mowris & Associates
.  Simulation models offered by the Department of Energy included versions of “Equest”
 and “3E Plus
” were also utilized. These additional tools focused on certain parameters such as industry standards for temperature set points, typical multifamily living unit water heating consumption, typical site complex size, parsing generational construction processes to identify changes that may affect the water heating load, and pipe heat loss analysis.

B. The Summary of the Cost Effectiveness is provided in Table I.

Table I - Cost Effectiveness Parameters


Pre 1970
Post 1970


<30 units
>30 units
<30 units
>30 units

Summary of Key Parameters





Total Controlled Annualized Consumption (therm/yr)
8,019
16,038
6,250
12,500

Incremental Measure Cost ($/controller)
$1,400
$1,550
$1,400
$1,550

Annual Energy Savings (therms/yr-controller)
1,125
2,250
850
1,699

Incentive ($/Controller)
$750
$1,500
$750
$1,500

Measure Lifetime (years)
10
10
10
10

Net-toGross Ratio
0.89
0.89
0.89
0.89

MDSS Measure Code
?????
?????
?????
?????

Application Code 
???
???
???
???

Key Parameters for CEC Filing





Measure No.
???
???
???
???

Incentive  ($/therms saved per yr)
$0.67
$0.67
$0.88
$0.88

Gross Therm Savings (therms/yr-apt)
45
45
34
34

Payback (yrs, with rebate)
0.61
-0.05
0.81
-0.06

PART 3 -  Supporting Calculations and Reference Data

3.01 Calculation Methodology

A. General Approach:

1. The calculation methodology uses a combination of the First Law of Thermodynamics, research, simulation, and data reduction.   The combination of these pieces of information fed into the model simulation of the measure.   The basic premise behind the model is to simulate the load experienced by the hot-water generator on a typical hour basis for every hour of a given day type.   In this case, the given typical day types
 are: (1) weekday; (2) Saturday; and (3) Sunday.   After each hour of demand is calculated, then the energy delivered to the hot-water generator is calculated by dividing the demand experienced by the hot-water generator by its corresponding thermal efficiency.   Each hour for the typical day is then summed to represent the energy consumed for their respective typical days.   Each day is then prorated in accordance to their contribution to a week (e.g., the typical weekday is multiplied by 5/7—5 days per 7 day week).   This typical week is subsequently postmultiplied by 52 to annualize the energy consumption.   This method was used for each scenario which consists of: (1) Base case constant temperature set point, pre1970; (2) Base case constant temperature set point, 1970 to present; (3) Demand-control case modulating temperature set point, pre 1970; and (4) Demand-control case modulating temperature set point, 1970 to present.

B. Unit Energy Consumption:

1. To develop the base Unit Energy Consumption (UEC), the 2005 DEER database for water heaters for multifamily units were utilized.   An attempt to prorate the UEC between the three California Investor Owned Utilities (IOUs) was implemented.   The three IOUs and their respective UECs and total residential accounts are Southern California Gas Co.  (SCG) with 202 therms/yr-apt.  and 5 million accounts, San Diego Gas & Electric (SDG&E) with 167 therms/yr-apt.  0.8 million accounts, and Pacific Gas & Electric (PG&E) with 168 therms/yr-apt.  and 4 million accounts.   The most appropriate method would be to take the UEC for each IOU, postmultiply each by their respective number of multifamily units which are served by a centralized water-heating plant, and then divide this product by the summation of the total number of the multifamily units represented.   This methodology would result in a weighted average UEC between the three IOUs.   This data was not available, so in lieu of the number of multifamily units satisfying the above requirements, the number of residential customers within each IOU’s territory was used with the assumption that the proportionality may be similar.   The result is 185 therms/yr-apt.   This was in turn modified to represent the appropriate UEC for the given construction era.   This is explained in more detail later, however the results are presented in Table II.

Table II - Baseline Unit Energy Consumption (UEC)

Construction Era Segment
UEC,

therms/yr-apt.

pre1970
321

1970 - present
250

C. Schedules:

1. Demand Load Schedules:

a. 2005 Title XXIV Domestic-Hot-Water Demand Load

i. This schedule depicts a 24 hour domestic-hot-water demand load schedule designated as a percent for each hour of a typical day.   The given typical day types are: (1) weekday; (2) Saturday; and (3) Sunday.   The percentage loads are presented in Table III.  This schedule is based on the Domestic Hot-Water demand schedule adopted from “Equest” version 3.55 (i.e., DOE2.2 building simulation program) using its Title XXIV Compliance mode for Multifamily-Low rise complexes.   Title XXIV has been adopted into the State of California Uniform Building Code (UBC) and is the current code adopted as law by most of the jurisdictions having authority within the State of California and hence the schedule is adopted as writ.

Table III - Domestic-Hot Water Demand Load Schedule, 2005 Title XXIV

Time of Day
Weekday Load
Saturday Load
Sunday Load

Mdnt -1 AM
5.00%
8.04%
8.06%

1 - 2 AM
5.00%
5.36%
5.37%

2 - 3 AM
5.00%
5.00%
5.00%

3 - 4 AM
5.00%
5.00%
5.00%

4 - 5 AM
5.00%
5.00%
5.00%

5 - 6 AM
20.00%
5.00%
5.00%

6 - 7 AM
80.00%
5.73%
5.00%

7 - 8 AM
70.25%
11.54%
5.36%

8 - 9 AM
50.00%
26.63%
8.92%

9 - 10 AM
40.25%
46.51%
19.56%

10 - 11 AM
20.00%
47.14%
26.91%

11 - Noon
20.00%
32.56%
22.74%

Noon - 1PM
20.00%
31.55%
30.26%

1 - 2 PM
29.75%
46.81%
43.32%

2 - 3 PM
50.00%
75.51%
56.75%

3 - 4 PM
50.00%
71.54%
64.55%

4 - 5 PM
70.25%
68.71%
46.94%

5 - 6 PM
70.25%
63.08%
33.68%

6 - 7 PM
40.25%
55.11%
25.32%

7 - 8 PM
40.25%
46.65%
20.65%

8 - 9 PM
20.00%
38.15%
19.95%

9 - 10 PM
20.00%
29.75%
19.95%

10 - 11 PM
10.25%
21.78%
19.02%

11 - Mdnt
10.25%
13.84%
13.54%

b. 1970 to Present Construction Era Segment Domestic-Hot-Water Demand Load

i. To compensate for the fact that participants in this era do not have insulated domestic-hot-water piping as is now required under Title XXIV, an attempt was made to escalate the demand load schedule values shown in Table III to reflect this fact.   To estimate this additional load for this increase in energy loss, “3E Plus”4 version 3.2 created by North American Insulation Manufacturers Association (NAIMA) (i.e., DOE pipe heat loss simulation program) was used.   Results from this simulation concluded that there is an additional 11.72% load to each hour to the demand load schedule shown in Table III.    The subsequent schedule is shown in Table IV.

Table IV - Domestic-Hot Water Demand Load Schedule, 1970 to Present

Time of Day
Weekday Load
Saturday Load
Sunday Load

Mdnt -1 AM
16.72%
19.76%
19.78%

1 - 2 AM
16.72%
17.08%
17.09%

2 - 3 AM
16.72%
16.72%
16.72%

3 - 4 AM
16.72%
16.72%
16.72%

4 - 5 AM
16.72%
16.72%
16.72%

5 - 6 AM
31.72%
16.72%
16.72%

6 - 7 AM
91.72%
17.45%
16.72%

7 - 8 AM
81.97%
23.26%
17.08%

8 - 9 AM
61.72%
38.35%
20.64%

9 - 10 AM
51.97%
58.23%
31.28%

10 - 11 AM
31.72%
58.86%
38.63%

11 - Noon
31.72%
44.28%
34.46%

Noon - 1PM
31.72%
43.27%
41.98%

1 - 2 PM
41.47%
58.53%
55.04%

2 - 3 PM
61.72%
87.23%
68.47%

3 - 4 PM
61.72%
83.26%
76.27%

4 - 5 PM
81.97%
80.43%
58.66%

5 - 6 PM
81.97%
74.80%
45.40%

6 - 7 PM
51.97%
66.83%
37.04%

7 - 8 PM
51.97%
58.37%
32.37%

8 - 9 PM
31.72%
49.87%
31.67%

9 - 10 PM
31.72%
41.47%
31.67%

10 - 11 PM
21.97%
33.50%
30.74%

11 - Mdnt
21.97%
25.56%
25.26%

c. Pre1970 Construction Era Segment Domestic-Hot-Water Demand Load

i. Due to this era being over 30 years old, much of the pipe and other material is in need of repair.   No pipe insulation was required for these sites that were constructed in 1970 or earlier, so no heat loss compensation was performed beyond that established in Table IV.   Water leaks in the system’s loop due to the old piping is a factor contributing to an additional load for this era beyond that accounted for in the 1970 to present segment.   In determining this extra load, we used a 2 – 6 gallon per 10 apartments per day leak rate in the system’s loop.   This amount of water lost would need to be replaced as make-up water and would appear as a demand load on the hot-water plant.   This analysis resulted in a 2.3 – 7 % additional load.  In our results we used a 5% added load to the additional 11.72% found in “1970” era.  This results in a 16.72% increase for each hour to the basic demand schedule.   The subsequent schedule is shown in Table V.

Table V - Domestic-Hot Water Demand Load Schedule, Pre1970

Time of Day
Weekday Load
Saturday Load
Sunday Load

Mdnt -1 AM
21.72%
24.76%
24.78%

1 - 2 AM
21.72%
22.08%
22.09%

2 - 3 AM
21.72%
21.72%
21.72%

3 - 4 AM
21.72%
21.72%
21.72%

4 - 5 AM
21.72%
21.72%
21.72%

5 - 6 AM
36.72%
21.72%
21.72%

6 - 7 AM
96.72%
22.45%
21.72%

7 - 8 AM
86.97%
28.26%
22.08%

8 - 9 AM
66.72%
43.35%
25.64%

9 - 10 AM
56.97%
63.23%
36.28%

10 - 11 AM
36.72%
63.86%
43.63%

11 - Noon
36.72%
49.28%
39.46%

Noon - 1PM
36.72%
48.27%
46.98%

1 - 2 PM
46.47%
63.53%
60.04%

2 - 3 PM
66.72%
92.23%
73.47%

3 - 4 PM
66.72%
88.26%
81.27%

4 - 5 PM
86.97%
85.43%
63.66%

5 - 6 PM
86.97%
79.80%
50.40%

6 - 7 PM
56.97%
71.83%
42.04%

7 - 8 PM
56.97%
63.37%
37.37%

8 - 9 PM
36.72%
54.87%
36.67%

9 - 10 PM
36.72%
46.47%
36.67%

10 - 11 PM
26.97%
38.50%
35.74%

11 - Mdnt
26.97%
30.56%
30.26%

2. Temperature Schedules:

a. Make-up Water Temperature:

i. The cold water supply temperature can range from 60°F to 70°F so an average temperature of 65°F was used.

b. Constant Temperature Controller

i. The constant temperature controller schedule is as the name implies, a controller that maintains a constant temperature as defined by its setpoint.   The setpoint used in this evaluation is 137.5°F
.

c. Demand-Controlled Temperature Controller

i. The demand-controlled temperature controller modulates its temperature setpoint between its setup setpoint and its setback setpoint.   For this evaluation the setup setpoint is set equal to the constant-temperature controller’s setpoint (137.5°F) and the setback setpoint is 120°F.

ii. Selection of the setup setpoint:

a) Although the decision for choosing to use a setup setpoint equal to the constant-temperature controller’s setpoint is perhaps obvious, our research has discovered that claimed savings in previous installations include lowering the setpoint as well as savings due to the demand-temperature-tracking control.   This false overstatement of energy savings has shown in itself in published papers, billing data evaluation, and program EM&V results.  The determination to use the same setpoint as the constant-temperature controller is to avoid claiming energy savings that are accomplished by simply lowering the setpoint.   Although lowering the temperature is a legitimate measure in itself, this workpaper’s intent is to isolate savings only associated to the controller’s capabilities.

iii. Selection of the setback setpoint:

a) No study or other formal research has been performed to substantiate this setting.   Instead observations have lead to this determination.   Such observations include recommendations by the DOE cautioning that “setting the water temperature…below 120°F…may allow Legionella bacteria to grow,”
 documented projected savings estimates by installers which use 120°F as their setback setpoint, and building-design engineering practice which typically specifies a hand faucet temperature of no less than 120°F for commercial and retail installations.

iv. The Domestic-hot water temperature schedule:

a) The demand-controller setpoint schedule is expressed as a percentage where 0% equals the setback setpoint and 100% equals the setup setpoint (see Table VI).   The temperature settings between 0% and 100% are determined by linearly interpolating between the two setpoints as dictated by the schedule.  This schedule is based on the Domestic Hot-Water demand schedule adopted from “Equest” version 3.55 (i.e., DOE2.2 building simulation program) using its Title XXIV Compliance mode for Multifamily-Low rise complexes.   As a note of reference, it is the same schedule as shown in Table III - “Domestic-Hot Water Demand Load Schedule, 2005 Title XXIV.”

Table VI - Domestic-Hot Water Temperature Schedule, Demand Controller

Time of Day
Weekday Load
Saturday Load
Sunday Load

Mdnt -1 AM
5.00%
8.04%
8.06%

1 - 2 AM
5.00%
5.36%
5.37%

2 - 3 AM
5.00%
5.00%
5.00%

3 - 4 AM
5.00%
5.00%
5.00%

4 - 5 AM
5.00%
5.00%
5.00%

5 - 6 AM
20.00%
5.00%
5.00%

6 - 7 AM
80.00%
5.73%
5.00%

7 - 8 AM
70.25%
11.54%
5.36%

8 - 9 AM
50.00%
26.63%
8.92%

9 - 10 AM
40.25%
46.51%
19.56%

10 - 11 AM
20.00%
47.14%
26.91%

11 - Noon
20.00%
32.56%
22.74%

Noon - 1PM
20.00%
31.55%
30.26%

1 - 2 PM
29.75%
46.81%
43.32%

2 - 3 PM
50.00%
75.51%
56.75%

3 - 4 PM
50.00%
71.54%
64.55%

4 - 5 PM
70.25%
68.71%
46.94%

5 - 6 PM
70.25%
63.08%
33.68%

6 - 7 PM
40.25%
55.11%
25.32%

7 - 8 PM
40.25%
46.65%
20.65%

8 - 9 PM
20.00%
38.15%
19.95%

9 - 10 PM
20.00%
29.75%
19.95%

10 - 11 PM
10.25%
21.78%
19.02%

11 - Mdnt
10.25%
13.84%
13.54%

D. Constants:

symbol
value
units
description

Cv
1
BTU/lbm-°F
specific heat, constant volume

ν
0.0162
ft3/lbm
specific volume of water

c1
7.481
gal/ ft3
conversion between ft3 and gallons

c2
60
min/hr
conversion between hours and minutes

c3
100,000 
therms/BTU
conversion between BTUs and therms

c4
1,000 
BTU/kBTU
conversion between 1 and 1,000 of any given units of measure

E. Variables:

symbol
units
description


[image: image1.wmf].

E


BTU
energy content in British Thermal Units


[image: image2.wmf].

Q


BTU
heat content in British Thermal Units

T
°F
temperature in Fahrenheit

η
n/a
efficiency of given process or equipment


[image: image3.wmf].

m


lbm/hr
mass flow rate in pounds-mass per hour


[image: image4.wmf].

V


gpm
volumetric flow rate in gallons per minute

F. Equations:

Instantaneous Heat Load experienced by the hot-water generator:

a. 
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2. Instantaneous Energy delivered to the hot-water generator:

a. 
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3. Daily Energy Consumption delivered to the hot-water generator:
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4. Weekly Energy Consumption delivered to the hot-water generator:
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5. Annual Energy Consumption:

a. 
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6. Annual Energy Savings:
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7. Mass flow rate conversion from gallons per minute to pounds-mass of water per hour:

a. 
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G. Hot-Water Generator Thermal Efficiency:

1. Pre1970 Segment:

a. In this era boiler thermal efficiency of 72% was assumed.  This is an assumption based on an attempt by SoCal Gas to blend the various era boilers existing in multifamily units.  No thorough records for multifamily complexes were found to positively substantiate this value.  However, if the assumption of 75% is used for comparison, then 72% is only in error by 2% well within acceptable levels.  Many of these boilers and equipment will become replaced or retrofitted due to the life expectancy of 20 years of this equipment in this era.

2. 1970 to Present Segment:

a. In this era boiler thermal efficiency of 75% was assumed.  This assumption is based on the appliance standard required for hot-water boilers in the current issuance of Title XXIV.   The previous issuance of Title XXIV used a minimum combustion efficiency requirement of 80%.   However, the difference between the two is only due to the terminology, they are both equivalent.   This means that for nearly a generation, and probably more, newer construction era multifamily complexes have boilers with a thermal efficiency at or greater than 75%.

3.02 Results

A. Pre1970

Therm savings per apartment per year was calculated by taking the constant-temperature controller annual energy consumption in therms and subtracting from it the demand-tracking controller annual energy consumption in therms, which resulted in 45 therms/apt-yr.  This value represents a 14% savings per apt-yr.  For complexes with <30 residential multifamily dwelling apartments, the total annual therm savings is 45 therms/apt-yr * 25 apts = 1,125 therms/yr-controller.  For complexes with ≥ 30 residential multifamily dwelling apartments, the total annual therm savings is 45 therms/apt-yr * 50 apts = 2,250 therms/yr-controller.  (See Tables VII, VIII, and Table XI).

Table VII - Constant-Temperature Controller Consumption, Pre1970

[image: image12.emf]Temp (°F) Demand Load Energy Load Temp (°F) Demand Load Energy Load Temp (°F) Demand Load Energy Load

Mdnt -1 AM 137.5            8,574.7 

11,909.3        

137.5            9,775.0 

13,576.4            

137.5           9,782.9 

13,587.4       

1 - 2 AM 137.5            8,574.7 

11,909.3        

137.5            8,716.9 

12,106.8            

137.5           8,720.8 

12,112.2       

2 - 3 AM 137.5            8,574.7 

11,909.3        

137.5            8,574.7 

11,909.3            

137.5           8,574.7 

11,909.3       

3 - 4 AM 137.5            8,574.7 

11,909.3        

137.5            8,574.7 

11,909.3            

137.5           8,574.7 

11,909.3       

4 - 5 AM 137.5            8,574.7 

11,909.3        

137.5            8,574.7 

11,909.3            

137.5           8,574.7 

11,909.3       

5 - 6 AM 137.5          14,497.1 

20,134.9        

137.5            8,574.7 

11,909.3            

137.5           8,574.7 

11,909.3       

6 - 7 AM 137.5          38,186.8 

53,037.2        

137.5            8,863.0 

12,309.7            

137.5           8,574.7 

11,909.3       

7 - 8 AM 137.5          34,337.2 

47,690.6        

137.5          11,156.9 

15,495.7            

137.5           8,716.9 

12,106.8       

8 - 9 AM 137.5          26,342.0 

36,586.1        

137.5          17,114.8 

23,770.6            

137.5         10,122.5 

14,059.0       

9 - 10 AM 137.5          22,492.4 

31,239.4        

137.5          24,964.0 

34,672.2            

137.5         14,323.4 

19,893.6       

10 - 11 AM 137.5          14,497.1 

20,134.9        

137.5          25,212.8 

35,017.7            

137.5         17,225.4 

23,924.2       

11 - Noon 137.5          14,497.1 

20,134.9        

137.5          19,456.2 

27,022.5            

137.5         15,579.0 

21,637.5       

Noon - 1PM 137.5          14,497.1 

20,134.9        

137.5          19,057.4 

26,468.6            

137.5         18,548.1 

25,761.2       

1 - 2 PM 137.5          18,346.7 

25,481.5        

137.5          25,082.5 

34,836.8            

137.5         23,704.5 

32,922.9       

2 - 3 PM 137.5          26,342.0 

36,586.1        

137.5          36,414.0 

50,575.0            

137.5         29,007.0 

40,287.6       

3 - 4 PM 137.5          26,342.0 

36,586.1        

137.5          34,846.5 

48,398.0            

137.5         32,086.7 

44,564.9       

4 - 5 PM 137.5          34,337.2 

47,690.6        

137.5          33,729.2 

46,846.1            

137.5         25,133.8 

34,908.0       

5 - 6 PM 137.5          34,337.2 

47,690.6        

137.5          31,506.3 

43,758.8            

137.5         19,898.4 

27,636.6       

6 - 7 PM 137.5          22,492.4 

31,239.4        

137.5          28,359.5 

39,388.2            

137.5         16,597.6 

23,052.3       

7 - 8 PM 137.5          22,492.4 

31,239.4        

137.5          25,019.3 

34,749.0            

137.5         14,753.8 

20,491.4       

8 - 9 PM 137.5          14,497.1 

20,134.9        

137.5          21,663.3 

30,087.9            

137.5         14,477.4 

20,107.5       

9 - 10 PM 137.5          14,497.1 

20,134.9        

137.5          18,346.7 

25,481.5            

137.5         14,477.4 

20,107.5       

10 - 11 PM 137.5          10,647.6 

14,788.3        

137.5          15,199.9 

21,111.0            

137.5         14,110.2 

19,597.5       

11 - Mdnt 137.5          10,647.6 

14,788.3        

137.5          12,065.0 

16,756.9            

137.5         11,946.6 

16,592.4       

Σ(dE/dt), BTU/day

634,999.8       640,066.7           502,897.1     

Aquastat Controller

Weekday Saturday Sunday

Hour


Table VIII - Demand-Tracking Controller Consumption, Pre1970
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Mdnt -1 AM 120.875            6,608.5 

9,178.4          

121.407            7,605.2 

10,562.8            

121.4105           7,611.8 

10,572.0       

1 - 2 AM 120.875            6,608.5 

9,178.4          

120.938            6,725.6 

9,341.1              

120.9398           6,728.8 

9,345.6         

2 - 3 AM 120.875            6,608.5 

9,178.4          

120.875            6,608.5 

9,178.4              

120.875           6,608.5 

9,178.4         

3 - 4 AM 120.875            6,608.5 

9,178.4          

120.875            6,608.5 

9,178.4              

120.875           6,608.5 

9,178.4         

4 - 5 AM 120.875            6,608.5 

9,178.4          

120.875            6,608.5 

9,178.4              

120.875           6,608.5 

9,178.4         

5 - 6 AM 123.5          11,697.7 

16,246.8        

120.875            6,608.5 

9,178.4              

120.875           6,608.5 

9,178.4         

6 - 7 AM 134          36,343.3 

50,476.8        

121.00275            6,846.2 

9,508.6              

120.875           6,608.5 

9,178.4         

7 - 8 AM 132.29375          31,871.4 

44,265.9        

122.0195            8,774.6 

12,187.0            

120.938           6,725.6 

9,341.1         

8 - 9 AM 128.75          23,162.8 

32,170.5        

124.66025          14,083.8 

19,560.8            

121.561           7,897.0 

10,968.1       

9 - 10 AM 127.04375          19,248.4 

26,734.0        

128.13925          21,740.8 

30,195.6            

123.423         11,542.3 

16,031.0       

10 - 11 AM 123.5          11,697.7 

16,246.8        

128.2495          21,995.8 

30,549.7            

124.7093         14,186.4 

19,703.4       

11 - Noon 123.5          11,697.7 

16,246.8        

125.698          16,289.0 

22,623.6            

123.9795         12,673.7 

17,602.3       

Noon - 1PM 123.5          11,697.7 

16,246.8        

125.52125          15,908.7 

22,095.4            

125.2955         15,425.7 

21,424.6       

1 - 2 PM 125.20625          15,235.7 

21,160.7        

128.19175          21,862.1 

30,364.1            

127.581         20,461.4 

28,418.6       

2 - 3 PM 128.75          23,162.8 

32,170.5        

133.21425          34,261.4 

47,585.3            

129.9313         25,978.8 

36,081.7       

3 - 4 PM 128.75          23,162.8 

32,170.5        

132.5195          32,452.7 

45,073.2            

131.2963         29,341.1 

40,751.5       

4 - 5 PM 132.29375          31,871.4 

44,265.9        

132.02425          31,181.7 

43,307.9            

128.2145         21,914.8 

30,437.2       

5 - 6 PM 132.29375          31,871.4 

44,265.9        

131.039          28,698.5 

39,859.1            

125.894         16,713.0 

23,212.5       

6 - 7 PM 127.04375          19,248.4 

26,734.0        

129.64425          25,286.6 

35,120.3            

124.431         13,605.7 

18,896.8       

7 - 8 PM 127.04375          19,248.4 

26,734.0        

128.16375          21,797.4 

30,274.2            

123.6138         11,927.9 

16,566.6       

8 - 9 PM 123.5          11,697.7 

16,246.8        

126.67625          18,429.1 

25,595.9            

123.4913         11,680.0 

16,222.2       

9 - 10 PM 123.5          11,697.7 

16,246.8        

125.20625          15,235.7 

21,160.7            

123.4913         11,680.0 

16,222.2       

10 - 11 PM 121.79375            8,340.9 

11,584.6        

123.8115          12,330.1 

17,125.1            

123.3285         11,352.1 

15,766.8       

11 - Mdnt 121.79375            8,340.9 

11,584.6        

122.422            9,555.8 

13,272.0            

122.3695           9,453.3 

13,129.7       

Σ(dE/dt), BTU/day

547,690.5       552,076.0           416,585.8     

Demand Controller

Hour

Weekday Saturday Sunday


B. 1970 to Present

Therm savings per apartment per year was calculated by using the same calculations described in the Pre 1970 results.  Results yielded 34 therms/apt-yr which corresponds to a 13.6% savings per apt-yr.  For complexes with <30 residential multifamily dwelling apartments, the total annual therm savings is 34 therms/apt-yr * 25 apts = 850 therms/yr-controller.  For complexes with ≥ 30 residential multifamily dwelling apartments, the total annual therm savings is 34 therms/apt-yr * 50 apts = 1,699 therms/yr-controller.   (See Tables IX, X, and Table XI).

Table IX - Constant-Temperature Controller Consumption, 1970 to Present
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Mdnt -1 AM 137.5            6,000.5 

8,000.7          

137.5           7,091.7 

9,455.6              

137.5           7,098.9 

9,465.2         

1 - 2 AM 137.5            6,000.5 

8,000.7          

137.5           6,129.8 

8,173.0              

137.5           6,133.3 

8,177.8         

2 - 3 AM 137.5            6,000.5 

8,000.7          

137.5           6,000.5 

8,000.7              

137.5           6,000.5 

8,000.7         

3 - 4 AM 137.5            6,000.5 

8,000.7          

137.5           6,000.5 

8,000.7              

137.5           6,000.5 

8,000.7         

4 - 5 AM 137.5            6,000.5 

8,000.7          

137.5           6,000.5 

8,000.7              

137.5           6,000.5 

8,000.7         

5 - 6 AM 137.5          11,384.5 

15,179.4        

137.5           6,000.5 

8,000.7              

137.5           6,000.5 

8,000.7         

6 - 7 AM 137.5          32,920.6 

43,894.1        

137.5           6,262.6 

8,350.1              

137.5           6,000.5 

8,000.7         

7 - 8 AM 137.5          29,421.0 

39,228.0        

137.5           8,348.0 

11,130.6            

137.5           6,129.8 

8,173.0         

8 - 9 AM 137.5          22,152.6 

29,536.8        

137.5         13,764.3 

18,352.4            

137.5           7,407.6 

9,876.7         

9 - 10 AM 137.5          18,653.0 

24,870.6        

137.5         20,899.9 

27,866.5            

137.5         11,226.6 

14,968.8       

10 - 11 AM 137.5          11,384.5 

15,179.4        

137.5         21,126.0 

28,168.0            

137.5         13,864.8 

18,486.4       

11 - Noon 137.5          11,384.5 

15,179.4        

137.5         15,892.8 

21,190.3            

137.5         12,368.0 

16,490.7       

Noon - 1PM 137.5          11,384.5 

15,179.4        

137.5         15,530.2 

20,707.0            

137.5         15,067.2 

20,089.6       

1 - 2 PM 137.5          14,884.2 

19,845.5        

137.5         21,007.6 

28,010.1            

137.5         19,754.9 

26,339.9       

2 - 3 PM 137.5          22,152.6 

29,536.8        

137.5         31,309.0 

41,745.3            

137.5         24,575.4 

32,767.2       

3 - 4 PM 137.5          22,152.6 

29,536.8        

137.5         29,884.0 

39,845.3            

137.5         27,375.1 

36,500.1       

4 - 5 PM 137.5          29,421.0 

39,228.0        

137.5         28,868.2 

38,491.0            

137.5         21,054.2 

28,072.3       

5 - 6 PM 137.5          29,421.0 

39,228.0        

137.5         26,847.4 

35,796.6            

137.5         16,294.8 

21,726.4       

6 - 7 PM 137.5          18,653.0 

24,870.6        

137.5         23,986.7 

31,982.3            

137.5         13,294.1 

17,725.4       

7 - 8 PM 137.5          18,653.0 

24,870.6        

137.5         20,950.1 

27,933.5            

137.5         11,617.9 

15,490.5       

8 - 9 PM 137.5          11,384.5 

15,179.4        

137.5         17,899.2 

23,865.6            

137.5         11,366.6 

15,155.5       

9 - 10 PM 137.5          11,384.5 

15,179.4        

137.5         14,884.2 

19,845.5            

137.5         11,366.6 

15,155.5       

10 - 11 PM 137.5            7,884.9 

10,513.3        

137.5         12,023.5 

16,031.3            

137.5         11,032.8 

14,710.4       

11 - Mdnt 137.5            7,884.9 

10,513.3        

137.5           9,173.5 

12,231.4            

137.5           9,065.8 

12,087.8       

Σ(dE/dt), BTU/day

496,752.2       501,174.2           381,462.6     

Aquastat Controller

Weekday Saturday Sunday

Hour


Table X - Demand-Tracking Controller Consumption, 1970 to Present
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Mdnt -1 AM 120.875            4,624.6 

6,166.1          

121.407           5,517.5 

7,356.7              

121.4105           5,523.5 

7,364.6         

1 - 2 AM 120.875            4,624.6 

6,166.1          

120.938           4,729.5 

6,306.0              

120.9398           4,732.4 

6,309.8         

2 - 3 AM 120.875            4,624.6 

6,166.1          

120.875           4,624.6 

6,166.1              

120.875           4,624.6 

6,166.1         

3 - 4 AM 120.875            4,624.6 

6,166.1          

120.875           4,624.6 

6,166.1              

120.875           4,624.6 

6,166.1         

4 - 5 AM 120.875            4,624.6 

6,166.1          

120.875           4,624.6 

6,166.1              

120.875           4,624.6 

6,166.1         

5 - 6 AM 123.5            9,186.2 

12,248.2        

120.875           4,624.6 

6,166.1              

120.875           4,624.6 

6,166.1         

6 - 7 AM 134          31,331.3 

41,775.1        

121.00275           4,837.5 

6,450.0              

120.875           4,624.6 

6,166.1         

7 - 8 AM 132.29375          27,308.2 

36,411.0        

122.0195           6,565.5 

8,754.0              

120.938           4,729.5 

6,306.0         

8 - 9 AM 128.75          19,479.0 

25,972.0        

124.66025         11,326.6 

15,102.2            

121.561           5,779.0 

7,705.4         

9 - 10 AM 127.04375          15,962.8 

21,283.7        

128.13925         18,201.4 

24,268.6            

123.423           9,046.8 

12,062.4       

10 - 11 AM 123.5            9,186.2 

12,248.2        

128.2495         18,430.5 

24,574.0            

124.7093         11,418.7 

15,224.9       

11 - Noon 123.5            9,186.2 

12,248.2        

125.698         13,305.6 

17,740.8            

123.9795         10,061.5 

13,415.4       

Noon - 1PM 123.5            9,186.2 

12,248.2        

125.52125         12,964.3 

17,285.7            

125.2955         12,530.8 

16,707.8       

1 - 2 PM 125.20625          12,360.3 

16,480.4        

128.19175         18,310.4 

24,413.9            

127.581         17,052.1 

22,736.2       

2 - 3 PM 128.75          19,479.0 

25,972.0        

133.21425         29,458.2 

39,277.6            

129.9313         22,009.8 

29,346.4       

3 - 4 PM 128.75          19,479.0 

25,972.0        

132.5195         27,831.1 

37,108.1            

131.2963         25,032.6 

33,376.8       

4 - 5 PM 132.29375          27,308.2 

36,411.0        

132.02425         26,687.9 

35,583.8            

128.2145         18,357.7 

24,476.9       

5 - 6 PM 132.29375          27,308.2 

36,411.0        

131.039         24,454.9 

32,606.5            

125.894         13,686.3 

18,248.3       

6 - 7 PM 127.04375          15,962.8 

21,283.7        

129.64425         21,387.6 

28,516.8            

124.431         10,897.7 

14,530.2       

7 - 8 PM 127.04375          15,962.8 

21,283.7        

128.16375         18,252.3 

24,336.4            

123.6138           9,392.6 

12,523.5       

8 - 9 PM 123.5            9,186.2 

12,248.2        

126.67625         15,227.0 

20,302.6            

123.4913           9,170.3 

12,227.1       

9 - 10 PM 123.5            9,186.2 

12,248.2        

125.20625         12,360.3 

16,480.4            

123.4913           9,170.3 

12,227.1       

10 - 11 PM 121.79375            6,176.8 

8,235.7          

123.8115           9,753.3 

13,004.5            

123.3285           8,876.2 

11,835.0       

11 - Mdnt 121.79375            6,176.8 

8,235.7          

122.422           7,265.7 

9,687.6              

122.3695           7,173.8 

9,565.1         

Σ(dE/dt), BTU/day

430,046.3       433,820.3           317,019.1     

Demand Controller

Hour

Weekday Saturday Sunday


Table XI - Key Parameters for Multifamily Complex Domestic-Hot Water Controller

Parameter
Pre 1970
Post 1970


<30 units
>30 units
<30 units
>30 units

Baseline Condition





Annualized Consumption (therm/yr-apt)
321
321
250
250

# of Multifamily Units (Apts)
25
50
25
50

Total Controlled Annualized Consumption (therm/yr)
8,019
16,038
6,250
12,500

Incremental Measure Cost 





($/controller)
$1,400
$1,550
$1,400
$1,550

Annual Energy Savings





Savings (% of Total Controlled Load)
14%
14%
13.6%
13.6%

Savings (therms/yr-controller)
1,125
2,250
850
1,699

Gross Therm Savings (therms/yr-apt)
45.0
45.0
34.0
34.0

Gas Rate





($/therm)
0.95
0.95
0.95
0.95

($/MMBTU)
95.00
95.00
95.00
95.00

Incentive 





($/Controller)
$750.00
$1,500.00
$750.00
$1,500.00

($/apt)
$30.00
$30.00
$30.00
$30.00

($/therms saved per yr)
$0.67
$0.67
$0.88
$0.88

Payback





(yrs, without rebate)
1.31
0.65
1.73
0.87

(yrs, with rebate)
0.61
-0.05
0.81
-0.06

C. Simple Payback & Incremental Measure Cost

1. Simple payback with and without the energy efficient rebate and incremental measure costs compared to the energy efficiency rebate are illustrated in Figures 1 & 2.   With the rebate, the payback is less than a year for both era segments and complex sizes.
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Figure 1 - Simple Payback with and without Rebate Included

[image: image17.emf]Comparison of Incremental Measure Cost and Rebate
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Figure 2 - Incremental Measure Cost Comparison with the Offered Rebate
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