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APPENDIX A:
Technology Descriptions

Project plan included demonstration of three specific technologies. They are the gas-engine
heat pump (GEHP), the evacuated tube collector (ETC), and Energx dual setpoint controller.

The GEHP Technology

While the traditional approach of water heating with a flame remains largely unchanged with
incremental improvements in efficiencies up to 85 to 95 percent, natural-gas-engine-driven
heat pumps offer an economic alternative to gas water heaters and boilers and an outstanding
opportunity to reduce water heating costs and lower greenhouse gas (GHG) emissions. New
advances in internal- combustion-engine technology in the automobile industry have led to
significant improvements in reliability and efficiency of the GEHP with operating life exceeding
20,000 hours. Additionally, new emissions-control technology has led to cleaner emissions and
lower criteria pollutants. However, the GEHP is still considered an emerging and underutilized
technology. The most efficient and advanced GEHP is the Ilios HEWS 500-AS.

Figures A-1 and A-2 show the Ilios heat pump. A GEHP heat pump traditionally consists of a
vapor-compression refrigeration cycle that includes a condenser, an evaporator, a throttling
valve, and a compressor. Compressor-shaft work is provided by a reciprocating engine. A
measure of efficiency is the coefficient of performance (COP), which is defined as the useful
energy “out” (hot water), divided by the useful energy “in” (fuel). Depending upon operating
conditions the Ilios unit’s COP is between 1.2 to 2.2. By comparison, a typical gas fired boiler
that produces 550,000 British thermal units (Btu)/hr of hot water would consume 687,500 Btu/
hr of gas (80 percent efficiency), or almost twice as much fuel as the Ilios.

Figures A-1 and A-2: Ilios Heat Pump
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The graphs below illustrate how the capacity (heat output) of the Ilios increases with outdoor
air (Figure A-3) resulting higher COPs (Figure A-4). In Southern California climate conditions
with milder winters and hot summers, the COP of the Ilios GEHP should be consistently high.
With this higher COP there will be significant reduction of fuel use and GHG emissions.

Figure A-3: Outdoor Air Temperature Versus Figure A-4: Outdoor Air Temperature
Heat Output Versus COP
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The main features of this technology are:

e 90 kilowatts (kW) to 175 kW of hot water ideal for domestic hot water (DHW),
swimming pools, space heating, or process heat.

e Hot water delivery temperature 100°F (38°C) to 160°F (71°C).

e Advanced thermodynamic cycle extracts available energy from the environment, and
uses mechanical work from a gas engine (natural or gaseous propane) to pump this
heat to a higher useful temperature.

e Highly efficient heat pump with reclaimed engine waste heat resulting in a COP of
1.2to 2.2.

e Exceeds clean emission standards throughout the United States, including California.

e 50 percent reduction in carbon footprint saving 100 tons of carbon at typical
installations.

e Ultra-low emissions with near-zero criteria pollutants.

e Minimal electrical power requirement similar to a household appliance (220 volts [V]
alternating current [AC]/50 hertz [Hz]/10 amperes [A] service).
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The Evacuated Tube Collector (ETC)

In use since the early 1900s, flat-plate collectors are time-tested, reliable, and currently domi-
nate the market. ETCs are a more recent technology, introduced in the late 1970s. Several
types are available, with the common element being a glass tube surrounding an absorber
plate. Because the space inside the tube is a vacuum, which is a far superior insulator than air,
these collectors have much better heat retention than the glazing/air space (R-7) design of
flat-plate collectors, which makes them particularly highly efficient under many circumstances.
Frames and manifolds for paralleling multiple tubes are available and can hold 4 to 20 tubes or
more. Multiple banks can be plumbed together to increase system capacity. While overall
weights and dimensions are similar between the two types, evacuated tubes usually have
performance and installation advantages. Sealing and maintaining a vacuum is difficult, and
this was a common problem that plagued early designs. Today the majority of ETCs use a
continuous piece of glass to minimize the risk of vacuum loss. The ETC is considered an
emerging and underutilized technology.

Collectors operate most efficiently when the temperature of the inlet fluid (Ti) is the same as
or less than the ambient temperature (Ta) of the air. When Ti equals Ta, flat-plate collectors
tend to be about 75 percent efficient, while evacuated tubes have an efficiency of about

50 percent. However, collectors rarely operate under these conditions. Table A-1 illustrates
that the ETC performs better for high-temperature DHW application. Figure A-5 illustrates that
performance of the ETC is superior in higher outdoor temperatures past 80°F (27°C), which is
expected in many California climate zones for many months of the year, including the one for
our test building. Figure A-6 is an illustration of the evacuated tube collector.

Table A-1: Comparison Performance

COMPARISON PERFORMAMNCE: FLAT PLATETO EVACUATED TUBE (SRCC DATA)

BETUS PER PAMNEL PER DAY

Flat plate Flat plate Flat plate
A, -3°F [Pool 1) - 53,000 42,000 28,000
B. 9°F (Panl 2] 48 000 36,000 22,000
E:l;-'lflf':fFﬂ - 40,000 27000 13,000
[E;?;':E':’FEJ 24,000 12,000 2 000
E. 142°F [AJSC) 9,000 1,000 0

Source: SRCC

The project is to study how best to integrate the two technologies in order to maximize energy
savings and GHG reduction at the lowest possible cost. Cost will depend on size of the solar
collectors, the storage tank size and the ancillary materials and equipment such as storage
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tank, pumps and, trenching, piping and insulation distances. Please see Figure 3 in Chapter 5
for a schematic diagram of the proposed configuration. We will also use the Energx hot water
loop controller to reduce line losses during low demand. Testing will be done with either the
GEHP operating or the ETC operating to collect performance data for each subsystem.

Figure A-5: Evacuated Tube Performance Figure A-6: Evacuated Tube Collector
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Energx dual setpoint controller

The Energx dual setpoint controller is an energy savings controller that reduces the water tem-
perature setpoint when hot water is not required. The savings are primarily achieved in two
ways, one by controlling the set point temperature of the water in the storage tank and
secondly by controlling the firing rate of the boiler, as these boilers typically have three to four
burners staged in series to meet various load changes.

Depending on the application and number of boiler stages, one to four original equipment
manufacturer Honeywell logic controllers are used to process the temperature(s) in the
storage tank and cycle the stages of the boiler on/off. An additional temperature controller and
relays are integrated into the control to measure the ambient air temperature and change the
water temperature setpoint. Even as the temperature is increased the controller will still
optimize the firing rate/stages of the boiler.

Please note that at no time is the system locked out (demand limiting) — hot water is always
available to occupants and the Energx control system will cause the boiler to maintain the tank
water temperature setpoint. No fuzzy logic is used to automate the temperature set point
adjustments. It is expected that the operator only needs to set it once with little if any
adjustments throughout the change of seasons.

The controller being studied is a dual setpoint controller (Figure A-7), and has two tank water
temperature setpoints, referred to here as high temperature and low temperature. When the
ambient temperature rises the Energx controller will place the boiler water set point at the low
temperature setting to conserve energy. Conversely, if the ambient air temperature is detected
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to be below the threshold (such as at night or a cold day) the boiler will be placed on the high-
water temperature setpoint in order to be able to provide more heat to the apartment fan coils
(Figure A-8). The high-temperature setpoint is typically approximately 140°F (60°C) while the
low temperature setpoint is approximately 120°F (49°C). Even with 120°F (49°C) water being
supplied to the fan coils, heat is still available from the apartment fan coil units if a resident
were to adjust their thermostat to call for heating. Domestic water at 120°F (49°C) is
considered sufficient for bathing and washing, etc.

Figure A-7: Energx Raydronics Boiler Figure A-8: Monitored Boiler Temperature
Controller

Anaheim: Control vs. Experimental Boiler Supply Temperature
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The energy savings are achieved by allowing the system to operate at the low temperature
water set point during the mild to hot weather conditions found much of the year throughout
the Southern California area. According to Energx, there are hundreds of Raydronics systems
within the SoCalGas service territory, each consuming approximately 350 therms per
apartment unit per year. The potential market is of significant size.
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Figure B-1: Engineering Plans for the Domestic Hot Water System Upgrade at Park West Apartments
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GENERAL NOTES:

1 All work must meet State and Local codes, z

2 All mechanical equipment must be installed according to manufacturer recommendations. ; %

3 All mechanical equipment and systems shall be guaranteed for a period of one year after acceptance by the w o
Owner. g %

4 Any walls, floor or ceiling surface that is disturbed during installation of mechanical equipment shall be E 8
repaired to match previous condition. o

5 Contractor shall field verify exact dimensions, clearances, heights and any interferences hefore installation of
mechanical systems.

6 Check all architectural, structural and plumbing drawings for conflict. Cutting or otherwise altering any

structural members shall not be permitted without written permission from the Architect.

7 Contractor shall coordinate with other trades to ensure that installation is done in a smooth manner. 5
8 For all roof penetration, exhaust and ventilation air, provide weatherproof cap, flashing and bird screen. g 4
9 All ductwork installation shall meet SMACNA recommended practice for ductwork installation. il
10 All outside air inlets to be minimum 10 ft from any exhaust or plumbing vent opening. 2

11 All ductwork shall be constructed of galvanized sheet metal as required by CMC Chapter 6.

12 Fire dampers must be installed in any ductwork that penetrates fire walls and ceilings.

13 All exterior ductwork shall be installed as per SMACNA and UMC standard and painted with coating to
prevent corrosion.

14 Engine exhaust pipe shall be insulated and not be in contact with any combustible material

15 Engine exhaust must be terminated at a safe height, at least 10 feet away from building balconies

w
16 Install engine exhaust as per NFPA and CBC codes o
17 Insulate hot water storage tank with minimum two-inch thick foam insulation 5 3
18 Insulate all GEHP DHW and solar collector piping with at least one-inch thick insulation E g
19 All exterior piping installed on exterior walls must be painted to match wall color F B«
20 All work areas must be maintained in a clean and organized manner % x E O
21 After each day of work, the work areas must be cleared for any trip, safety and fire hazard and equipment I8 E 5 &
-
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DETAILS

PROFESSIONAL STANP

PARK WEST APARTMENTS
DCW and DHW Water Piping Fixture Unit Calculations for Line Sizing
Typical Apartment Fixtures _hsuLATED
Use Fixture Units f_\( :'f:
Cold Hot =[L_41:‘ dae
Lavatory 0.5 0.5
Water Closet-Private 22 e
SI'IDWEF 1 1 [ UISTRUT
Kitchen Sink 1 1
Dishwasher 14 VL cocheTe
Total/Apartment 4.7 39 =
148 PIPE SUPPORT FROM
Total Fixt Units for Apartments 695.6 577.2 OINGRETE GLAD ABOVE o
Common Area:
No of Clothes Washers per floor 4
No of Floors 4 sy aren
Total no of Washers 16
Fixture Units @ 4/washer 64
Grand Total Fixt Units 695.6 641.2 \K
1S4 RODF TOPPER
SUPPORT BASE
From LA DOBS website for fixture units and gpm
For flush tank service
Flows gpm 150 150
Line Sizes @ 5-8 ft/sec flow 3inch 3inch
Friction Loss 2.5psi/100 1t 2.5 psi/100 ft PIPE SUPPORT
Oon ROOF
Total pipe length added 200ft 100ft
Total Pressure drop psi 5.0 2.5
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SYSTEM CONTROL SCHEDULE

Sensors and Controls:

DIFFERENTIAL CONTROLLER - STECA MODEL TRO603mc+

Backpressure is calculated by Equivalent Length of Straight Pipe o %
T-1  Temperature Sensor Solar Collectors w O
System voltage 20VAC (215 %) 50 He p= Lxsx@ x36x10° [ Standard Elbow L= 33x B/12 -4
T-2  Temperature Sensor at top of Storage Tank (set at 145 degF) :):ﬂ::;folfﬂgﬂ optional ”5VAC1(:;;W= 60 Hz o Long Elbow L= 0x0/12 | E g
. n i OR 45 deg Elbow L= 15xD/12
- 4
T-3  Temperature Sensor at upper third of Storage Tank [Set at 140 degF) Temperature control class 1 Square Elbow L= 56k D/12 o] %
T-4  Temperature Sensor at bottom of Storage Tank (set at floating temp} Energy efficiency 1% p= Lxsxa’ + P, o5
Number of iny 187xD° Assume: 2 inch exhaust
P-1  Solar Collector Loop Pump umbsr of Inputs 6 15tandard Elbow {33 2] /12
Inputs 5 x temperature (Pt1000), 1 x tsmperature (P1000) or pulse
P2 Solar Heat Pump to Tank — - Grandio S - 7 Where P= Back pressure in inchWC 2 Long Elbows. {20x2x2)/12
P Additional inputs 1 x Grundfos Direct Sensors™ {lsmperature / flow rate) L= Total equivalent length of pipe  245deg Elbows  (15x2x2)/12
P-3  GEHP Heat Pump Number of outputs 3 = Exhaust gas flow incfm StraightlenthL 307t
2 % triac for speed control (R1, R2), max. 250 W (230 V) or D= Diameter of pipe TOTAL
P-4  GEHP heat to Tank Outputs PWM control signal for pump speed (PWM R1, PWM R2); 1 x 5= Density of gas
switch output relay (R3), max. 800 W {230 V) or R3 voltage P,= Pressure drop of silencer
FS-1 Flow switch in GEHP piping free
- A .
DC-1 Differential Controller - Solar Loop Hydraullc echomée ki = :
Ambient temperature 0°C .., +45°C P, = 0 psi since silencer Is integral to engine
DC-2 Differential Controller - GEHP Loop Interfaces SD card, RS-22, RS-485 (Steca TPC 1 bus) S Zinches
Exhaust CFM = 89 cfm
Differential Controller: Steca Model TRO603mc+ Data logging S0 card Equiv Length = 2
Degree of protection |P 20/ DIN 40050
Control Schema Dimensions (X x Yx 2) 70 % 170 x 46 mm [0.00 x 0.00 % 0.00 Inch] P= 37x0mBxB9x8 "+ 0
DC-1 senses solar collector temp T-1 and storage tank water temperature T-2 Weight 450 g [0.00 07] 187 x2
If T-1>T-2 turns on pumps P-1 and P-2 to transfer heat from solar to tank through Heat P= 049771 pst f-‘_g
[a]
Exchanger HE-1 Max Allowable Back Pressure by Manuf a0 InWC z 3
W @
At T-2 temperature 145 degF, DC-1 shuts down pumps P-1 & P-2 and collector flows goes into s é
- <
stagnation o E 20
o ]
DC-1senses tank temperatures T-3 at tank upper location and cold water temperature T-4 at o E <u
w
w
tank bottom g < Zo
= oZ
If T-3>T4 turns on pumps P-3 and P-4 to transfer heat from GEHP into storage tank g w g g
FS-1 Senses flow and starts up GEHP = g g 9
-
When T-3 reaches 140 degF, DC-2 shuts off pumps P-3 and P-4 v 8
FS-1 When flow ceases, turns off GEHP Dé %
o
=
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EVACUATED TUBE SOLAR COLLECTORS ETC-1

Make: ErgSol  Model: 100-6 df Fluid: De-mineralized Water
No of Tubes/Panel: 20 Gross Area: 1711 SgFt Aperture Area: 12.26 SqFt

SRCC Rate btu/day: 20,000 btu SRCC OG 100 Certification: Yes No: 10001807

Heat Pipe: Copper Outer Tube Dia: 4 inches Tube Material: Glass

Collector Size: 68" x 80" Weight: 170 |hs Collector Flow Rate: 0.7 gpm

Operating Pressure: 20-70 psi Maximum Pressure: 150 psi

Stagnation Temperature: 450 degF

Total Number of Panels: 20 Collector Mounting: Far EPDM Roaf Deck

Collector Angle: 30 degree Collector Orientation: 130 deg South Facing

STORAGE TANK 5T-1

Make: Hanson Tank or Equal Model: G5-48-585-V Type: Vertical
Capacity: 585 gallons, Application: Domestic Hot Water

Surface Area: 34.5 SqFt, Pressure: 240 psig

Temp: 210 degF Noof Legs: 4 Construction: Steel  Lining: Glass
Dimension: 48" O x 87" H with legs Weight: 1143 Ibs (unfilled)
Standard ASME rated vertical steel tank with connections as shown in drawings

With 84" MAG Anode, 11" x 15" manhole

Factary insulation Is a 2 companent HCFC blown, polyurethane spray foam system. The foam is

rated CLASS | according to ASTM E-84 at two inchas, flame spread index 25 with 345 smake

developed.

SOLAR THERMAL EXPANSION TANK ET-1
Make: B&G Xylem or Equal Type: Vertical Bladder Type

Application: Glycol Solution Size: 20 Gallon Construction: Carbon Steel
Bladder Type: Rubber Factory Pre-charge: 36 psig Max Pressure: 150 psig
WMax Operating Temp: 260 degF certification: ANSI/ASME

Diameter: 16inch Length: 30 inch Air tight cushicn.

GEHP SYSTEM THERMAL EXPANSION TANK ET-2

Make: B&G Xylem or Equal Type: Vertical Bladder Type

Application: Glycol Solution Size: 10 Gallon Construction: Carbon Steel
Bladder Type: Rubber Factory Pre-charge: 36 psig Max Pressure: 150 psig
Max Operating Temp: 260 degF certification: ANS|/ASME

Diameter: 12inch Length: 16 inch Air tight cushion

EQUIPMENT SCHEDULE

EN

E HEAT PUMP_GEHP-1

Make: llios/Tecogen, Model: HEWH-500-AS Fluid: Water

Thermal Output: 400,000-600,000 btu/hr Rated COP: 1.2-2.2

‘Water Flow Rate: 50 gprm  Water Delivery Temp: 100-160 degF

Sound Rating: 72 dha@20 ft Electrical Power: 120v/1ph/60Hz

Amps: 15A, Gas Pressure: 8-12 Inch wc, Gas Cann: 1inch,

Max Gas Flow: 390 SCFH, Refrigerant: HFC-134A Water Connection: 2 inch
Dimension: 7'3"Lx4'1" W x7'1"H Weight: 4,200 los Exhaust Conn: 2 inch
Uitra low-emission natural gas 4-cylinder engine (<50 hp).

Internal 5 kW generator for parasitic loads.

Spark Ignition, 0.5% Oxygen air fuel mixture, electrenic ignition, 12V DC Battery

5W-20 Synthetic blend oil, Campact brazed plate condenser.

Integral catalytic converter and silencer, Excluded frem SCAQMD source test requirements

PUMP P-1

Make: B&G or Equal Model: Series 3530 Quantek Fluid: 80% Glycal Salution
Location: Between Solar Collectors and Heat Exchanger HE-1

Flow: 30 gpm TDH : 90 ft WC HP : 1.50 hp Volts: 208/230 PH: 1 ph Hz: 60 hz
Pump Body: Stainless Steel Impeller: Stainless Steel Shaft: Stainless Steel
Gasket /O-ring | EPDM Flange: 1.5 inch Insulation Class: F Weight: 30.6 Ibs
Max Working Press: 175 psi, Max Working Temperature: 230 degF

TEFC Mator, In-line Close Coupled pump with VFD accessary

MATERIALS OF CONSTRUCTION

Solar Collector Piping

Comugated stainless steel tube 1.5 in diameter with temperature range of
-450degF-+112 degF. Recommended pressure at 392 degF 3/4 inch 159
sl

Solar collector pipe Insuiation

1 Inch thickness made of EFDM closed cell synthetle rubiser, PV and CFC
lfree.Meets ASTM DB35 Class WO for flammability and smoke density
laccarding to UL-34, Meets CA Tide-24 Standards

DHW/GEHP piping

(Cozper tuze, hrd d-awr, type L: to ASTM 32BM. Brorze pipe “langes and
Nangec fitings, Class 150 and 300: 1o ANS/ASME 51624

DHW/GEHP pipe Insulation

1 inch thickness made of EFDM closed cell synthetic rubter, PVC and CFC
freeMects ASTM DE35 Class WO for flammability and smeke density
laccarding to UL-34, Meets CA Tide-24 Standards

DCW piping

(Copper tube, hard drawn, type L: T ASTM B2SM. Bronze pipe flanges and
ianged fittings, Class 150 and 300: to ANSI/ASME B16.24,

Natural Gas biging

[Stel and wroight- ron pipe shall be not less than standard weight
{schedule 20} and shall comply with ASME B36.10, ASTM A53, ASTM A206
INFPASE; 5.6.2.2)

Storage Tanlk

ertical 160 ASME (HLW) for potable hot water, glass lined 5-12 mils,
Steel construction , angle leg support, handhold. Max temp 210 degF

Storage Tank insulation

Spray-on polyurethane foam factory insulation with topcoat. Nominal “R”
value is R-16 @ 2" thick, This exceeds ASHRAE requirements. With min 2
inches of foam insuation

Eogine Eataust

2 inch carbon stee with wided joints rated for engine exhaust
temperature

Engine Exhaust insulation

12 inch Calcium Silicate insulation with protective jacket and water proof
lizcket for pige extending on outside the building

PLATE AND FRAME HEAT EXCHANGER HE-1
Make: B&G Model: GPX AP20-DW-41-TL Fluids: Water and 80% Glycal

SOLAR SIDE

Flow - Glycol 30 gpm
Water Temp from Solar 150 degf
Water TEMP to Solar 130 degf
Total BTU Q 300000 bty
DHW SIDE

Flow Water 20 gpm
Inlit Water Temp from Tank 110 degf
Qutlet Water TEMP to Tank 140 degf
Total BTU Q 255000 bru
Apprazch GEHP Side High Temp-Tank Side High Temp 10 degf

No of Passes: 1, Channels: 20, Rated PSI: 150 psig, Max Temp: 284 degF
Plate Material: 316 55, No of Plates: 49 Flooded Weight: 649 Ibs
Double Walled Heat Exchanger for Potable Water Application

Interplate space open to air.

PLATE AND FRAME HEAT EXCHANGER HE-2

Make: BEG Model: GPX AP20-DW-41-TL Fluids: Water

GEHP SIDE

Flow 50 gem
Water Temp from GEHP 150 degF
Water TEMP to GEHP 130 degf
Totel BTUQ 500000 bty

DHW SIDE

Flow a3 gom
Inlet Water Temg from Tank 120 degF
Outlet Water TEMP to Tank 140 degf
Total BTUQ 425000 bty

Approach GEHP Side High Temp-Tank Side High Temp 10 degF

No of Passes: 1, Channels: 20, Rated PSI: 150 psig, Max Temp: 284 degF
Plate Material: 316 55, No of Plates: 49 Flooded Weight: 649 |bs
Double Walled Hest Exchanger for Potable Water Application
Interplate space open to air.

PUMP P-2

Make: B&G or Equal, Madel: Ecocire XL 65-130, Fluid: Water

Location: Between Storage Tank and Heat Exchanger HE-1

Flow: 20 gpm, TDH : 40 ft WC HP : 1.0 hp, Volts: 208/230 PH: 1 ph Hz: €0 hz
Pump Body: Cast Iron, Impeller: Paly-phenylene Sulfide Shaft: Stainless Steel
Gasket /O-ring : EFDM Flange: 1.5 inch Insulation Class: F Weight: 39.6 Ibs
Max Working Press: 125 psi, Max Working Temperature: 225 degF

In-Line circulator. Electronically commutated permanent magnet motor

PUMP P-3

Make: B&G or Equal Model: Ecocirc XL 65-130 Fluid: Water

Location: Between GEHP and Heat Exchanger HE-2

Flow: 50 gpm TOH : 45 ft WC HP : 1.0 hp Volts: 208/230 PH: 1 ph Hz: 60 hz
Pump Body: Cast Iron Impeller: Poly-ghenylene Sulfide Shaft: Stainless Steel
Gasket fO-ring : EFDM Flange: 1.5 inch Insulation Class: F Weight: 39.6 |bs
Max Working Press: 175 psi, Max Working Temperature: 230 degF

In-Line circulator. Electronically commutated permanent magnet motor
PUMP P-4

Make: B&G or Equal Model: Ecocirc XL 65-130 Fluid: Water

Location: Between Storage Tank and Heat Exchanger HE-2

Flow: 43 gpm TDH: 40 ft WC HP : 1.0 hp Volts: 208/230 PH: 1 ph Hz: 60 hz
Pump Body: Cast Iron Impeller: Poly-phenylene Sulfide Shaft: Stzinless Steel
Gasket /O-ring : EPDM Flange: 1.5 inch Insulation Class: F Weight: 39.6 Ibs
Max Working Press: 175 psi, Max Working Temperature: 230 degF

In-Line circulator, Electronically commutated permanent magnet motor w/VFD

EQUIPMENT
SCHEDULES
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Figure B-2: Los Angeles Department of Building and Safety Application for Building

Permit and Certificate of Occupancy

9400 S La Tijera Blvd

19044 - 10000 - 15652

LA 0 ) | k X19LA22989 Printed: 12/20/19 10:23 AM
e % 'i"" ‘V R SIS % i SRt
DEPARTIVENT OF BUTLDINGAND SAFETY
LA Department of Bui Xda.ng and Safety Safety Issued On:  12/20/2019
LA 104172449 12/20/2019 10:23:22 AM
Last Status: 'su®¢
Htg/REY PMT cota 490. 00

DEV CENTER SURCH
SYSTEMS DEVT
FEE $5.40
HTG/REF PMT COb4M $0. 00

HTG/B..DF PMT cow:

sub Total:

Permit # : 190441000015652
Reoexpt # ; 0104132547

5, prLicatioNCOMMENTS. EW Receipt Section

building and FD861229DD943547 weight of the old one. LAMC Sec TVR: 0080008000
AID: A0000000031010

f, ksCRIPTIONOF WORK
INSTALL 2 EXHAUST FANS IN OARAGE

*2.70

Structural plan check is required Application Label: CAPITAL ONE VISA when supported by a

Status Date: 12/20/2019

GO IL 60680

$98. 10

(714)256-
2136

COUNCW PISTRJCT: I

9. ,PPLICATIONPROCESSING INFORMATION -Plan Check
By:
OK for Cashier: Nicole Ltface
~ \\/-\_-—\

Signature: Date: 12/20/2019

NOTICE

The work included in this permit shall not be construed as establishing the legal number of
dwelling units or guest rooms, That number is established by a Building Permit or a Certificate
of Occupancy. In the event that any box (i.e. I- 10) is filled to its capacity, it is possible that
additional information has been captured electronically and could not be printed due to space
restrictions. Nevertheless, the information printed exceeds that required by Section 19825 of
the Health and Safety Code ofthe State of California.

Permit # . Receipt# :




9400 S La Tijera Blvd

For inspection requests, call toll-free (888) LA4BUILD (524-2845), or request inspections
via www.ladbs.org. To speak to a Call Center agent, call 311. Outside LA County, call (213)

473-3231.

HVAC

Apartment
Express Permit
No Plan Check

9400 S La Tijera Bivd

X19LA22989

19044 - 10000 - 15652

1.PROPERTY OWNER

EQR BETHANY VILLAGE VIS'
2. APPLICANT INFQRMATION (Relationship: Conti

WILLIAM BEESON -
3. TENANT INFORMATIQN

4. CONTRACTOR, ARCHITECT &
ENGR

~(C) ENETECH INCORP(

LA ESTE 104172449 12/20/2019 10:23:22 AM

*

A 0 OO R A IRIAET oo~
*P 19044100001 .*sz I N o

AR Department of Building and Safety
LA ESTE 104172449 12/20/2019 10:23:22 2
AM '
HTG/RE PMT COMM
SYSTEMS DEVO :
$5. 40
HTG/REF PMT

$90.00DEV .- $2.70

— $0. 00
HTG/R.EF PMT coua $0. 00
Sub Total : 798,10

Permit # ; 190441000015652
Receipt # ; 0104132547

92821 CLASS LICENSE#  PHONE

C20 967408 (714)256-
2136

Reference No: 14106

tshier's Use Only W/O 94415652
HTG/REF PMT cond $90.00
DEV SERV CENTER SURCH $2.70
SYSTEMS DEVT FEE $5.40
HTG/REE' PMT co»a.f $0.00
HCG/REF co»n'l $0.00
Sub Total: $98.10

19044 - 10000 - 15652
%k #: X19LA22989 Printed: 12/20/19 10:23 AM

de:

Safety Issued On:  12/20/2019
Last Status: Issued

Status 12/20/2019
Date:

)JAGO IL 60680

(714)256-
2136

Permit # . Receipt# :



9400 S La Tijera Blvd

Reference No: 14106

EMVReaeipt Section

92821 CLASS LICENSE # PHONE

C20 967408 (714)256-
2136

' Cashier's Use Only W/O 94415652
Application Label: CAPITAL ONE VISA TC:
FD861229DD943547 "rva: 0080008000
HVAC AID; A0000000031010
Apartment
Express Permit
No Plan Check -
6. DESCRIPTION OF WORK
1. PROPPRTY OWNER INSTALL 2 EXHAUST FANS IN GARAGE
EQR BETHANY VILLAGE VI APPLICANT.
WEQRMATION (Relationship:
WILLIAM BEESON -
3. TENANT INFORMATION
E KLIST ITE
PISTRICT: 11
(C) ENETECH INCO PPLICATIONPROCESSING INFORMATION -Plan Check
By:
OK for Cashier: Nicole Leaface
2 -\/-\—‘\
= .
Q ION COMM Signature: Date:
5 Structural plan check is 12/20/2019
@ requi when supported by a NOTICE
> building weight ofthe old The work included in this permit shall not be construed as establishing the legal number of
72449 12/20/20191 82 88Y¥AM HTG/REF PMTcoMM$90.00 DEV SERV| dwelling units or guest rooms. That number is established by a Building Permit or a
CENTER SURCH $2.70 Certi{)ilca'gz1 otf (g;g:tgpanlcy.fln thet_eveEt thg\t any bcth (iae. I1-10) is filllled tg its clzpacitt)l;, itis o
possible that additional information has been captured electronically and could not be printe
SYSTEMS DEVT FEE due to space restrictions. Nevertheless, the information printed exceeds that required by $5.40
HTG/REF PMT COMM]| section 19825 of the Health and Safety Code ofthe State of California. $0.00
HTG/REF PM'E coMM| $0.00
For inspection requests, call toll-free (888) LA4BUILD (524-2845), or request inspections
g via www.ladbs.org. To speak to a Call Center agent, call 311. Outside LA County, call Sub
(213) 473-3231. u
KA R A
* P1904410000165¢652T1N~* $98.10
190441000015652
0104132547
Permit #: ;
Plan 4: X19LA09099 19041 - 10000 - 1955
Event Code; Printed: 05/23/19 09:30 AM
Electrical City of Los Angeles Department of Building and Spfety Issued On:  05/23/2019
Apartment
o APPLICATION FOR ELECTRICAL Last Status: Issued
EE WEXpress Permit
=
E cl’o Plan Check PLAN CHECK AND INSPECTION Status Date: 05/23/2019
=
= 8
1S
@ <
g3
¥ &
[~ ]

Permit # . Receipt# :
B-14



9400 S La Tijera Blvd

PROPERTY O PR

F,QR BETHANY VILLAGE VISTAS INC O PO BOX 87407
APPLICANT, NEQRMATEON (Relationship: Contractor}

ABDULLAH AHMED -(951)768-0719
TENANTINEGRMATION

CHICAGO IL 60680

0°S La Tijera Bivd

9L

41-10000-19552

CONTRACTOR,ARCHITZCT & ENGINEER NAME ADDRESS

,CLASS LICENSEH# PHONER
(C) ENETECH INCORPORATED 420 W LAMBER'F RD (K, BREA,CA 92821 - B 967408 (951)768-0719
92821 ) : :

5. EELICATION CC o\ ivENTS

For Cashier's Use Only -

$DESCRIPTION OF WORK
ELECTRICAL, FOR PUMPS ADVANCED DOMESTIC WATER HEATING SYSTEM

1. CHROKLIST ITRMK:

8 COUNCIL BISTRICT:

Plan Check By:
OK for Cashier: Monique Perez

-~
e

Signature: Date: 05/23/2019

NOTICE-
e

nte work included in this permit shall not be construed as establishing the legal number
of dwelling units or guest rooms. That number is established by a Building Permit or a
Certificate of Occupancy. In the event that any box (i.e. 1-10) is filled to its capacity. it
is possible that additional information has becn captured electronically and could not be
printed due to space restrictions. Nevertheless, the information printed exceeds that
requited by Section [9825 of _ the Hcalth and Safety Code of the State of California,

For inspection requests, cal 4BUILD (524-2845), request inspections via
www.ladbs.org. To k toa Call Cente a nt, call 3". Outside LA County catt (213) 413-
3231.

W/O 94119552

AM
$196.00
$6.57
$13.14
$23.00

LA HENR 106123619 5/2_3/2019
ELECTRICAL PERMIT-COMM

DEV SERV CENTER SURCH
SYSTmA4S DEVT FEE

ELECTRICAL PERMI'l‘—COEI’Sf ELECTRICAL
PERMIT-CQN

—mmmml TR | FLETEEEE FHEEE Eee 1t e i

* P19 0 41

190411000019552Sub Total :

$238.71

Permit # . Receipt# :



9400 S La Tijera Blvd

ceipt #:

4110000 0106044237 -

Permit # . Receipt# :



9400 S La Tijera Blvd

19016 10000 - 11459

i k#:
LA DBS -
BIdg-Alter/Repair GREEN .NONE : 4 ol Saftgafety Issued on: 05/10/2019
Apartment ¢ N
Pclsn Eheck at Counter Pian B19LA07875 Printed: 05/10/19 09:27 AM RM1f Last Status: Issued
ec
DEPARTMENT OF BUILDING AND NCY Status Date: 05/10/2019
TRACI SAFETY 44/87 096B161 831 | 2,ASSESSOR PARCELH
LA Department: of TR 19445 Building and Safety 4119-039 - 004
LA 104156122
5/10/2019:27 :AM
BUILDING PERMIT COMM*920.00
BUI'LDINA PLAN CHECK
Airport Hazard Area i 50' Height Limit L
Abi Airpoit Hazard Area - Transitional $0.00 g;itr”d%i%:%%‘a
Surface o EIRESIDENTIAL  $42.00 DEV SERV CENTERSURCH 210 <C7€
ﬁrea Planning Commiagion West Los $28. 86 sys 'rmag DEVT B $57.72 CITY Hiflside Grading Area - YES
ng -
LADBS Blanch Office WLA LINKAGE FEE PLANNING SURCH5S 21% Near Source Zone Distance - 6.3
Council District - 1l MISCELLANEOUS $10. 00
PI..aANNING GEN PLAN MAINT SURCH $64 ..40CA
ZONESESE: [QIC4-I-CDO BLDG
£DOCUMENTS Sub Total: §1,1 STD ORD - ORD-180797 e
ZI < Z1-2374 LOS ANGELES STATE CPC. - CPC-i956-70S8
ZI - Z1-2404 Loyola Village ) Pexmit #: 190161000011459 CPC + CPC.1984-226-SP
2\' 221:3159:; ;:’:;‘;';_:;;’"‘y Araintl  pyilding Card #: 2019LAZ4574 CPC - CPC-1986-292-ZC
= Receipt #: 0104038465
5. CHECKLIST ITEMS
Special Inspect - Anchor Bolts
Special Inspect - C 2,5ksi
Special Inspect - Epoxy Bolts
g r's Use Only W/O #; 91611459
§. PROPERTY OWNER, TENANT, APPLICAN
Owmerts): COt'NISSION SURCHARGE $6. 00 BUILDING PLAN
EQR BETHANY VILLAGE VISTAS  27p: A0000000041010 CHECK  90.00
0 PO BOX 87407, CHICAGO iL 606§ ’
Tenant:
gub Total: $1,184.18
Applicant:  (Relationship: Other)
y WILLIAM B. - ENETECH
920 W. LAMBERT RD. SUITE J, BREA, CA 92821 -- (714) 255-2939 |
4«} 2 EXISTING USE PROPOSED USE.
(0S) Apartment
/
Receipt #



9400 S La Tijera Blvd

ARy

Permit 190161000011459

8. DESCRIPTION OF WORK
New concrete pad and anchorages for (N) solar water heating and GEHP storage tanks on
ground Jevel.

9. # Bidey g; Site & Use: : Y
0. PROCESSING
. . i LA ESTE 104156122 5/10/2019 9:27:38 AM
BLDG. pc By: Nguyen DAS pc By: OK ti)r Cashier: Michael Lopez Coord. OK;
S BUILDING PERMIT cowna $920.00.
T2
Signature: Date: 05/10/2019 BUILDING PIAN CEECK
R— El RESIDENTIAL $42 ,00:
1. PROJECT VALUATION Flaal Fee Period
_Permit Valuation; _ $150,000 PC Valuation: DEV SERV CENTER SURCH $28,86 .SYSTEMS
Sewer Cap ID: Total Bond(s). Due: DEVE FEE $57.72 CITY PLANNING SURCH $55.20
12,
ATTACHMENTS D i MISCELLANEOUS
Plot Plan

PLANNING GEN PLAN MAINE' SURCH $64.40 ca BLDG s'iD

For inspection requests. call toil-free (888) LA4BUILD (524-2845), or request
inspections via www.ladbs.org. To speak to a Call Center agent, cau 311. Oatside LA
County,  (2*3) 473-3231.

COBNISSION SURCHARGE $6, 00

M

BUILDING CHECK $0.00 LINKAGE FEE
$0.00
Tot-al: $1,184.18

Permit #: 1QNB6AR00NEY

Building Card #: 2019

Recaipt #: 0104038465 2019LA24574
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e

n
t
19016 10000 11459
0 Printed: 04/19/19 10:18 AM
.Bldg.Alter/Repair GREEN NONE City of Los Angciese Depattntentof Building and Safety
Apartment
Pctr?chhSCK at Counter Plan APPLICATION FOR BUILDING PERMIT Last Status: PC in ProgrRs
AND CERTIFICATE OF OCCUPANCY Status Date: 04/19/2019
bOT(si 4119 039 — 004
TR 19445 10 3 M B 628-84/87 096B161 01
Airport Hazard Area 150" Elcight Limit Above Elevation 1.26 Community Design Overlay District - Loyola Village 096B 16t
Airport Hazard Area - fransitional Surface Area Certified Neighborhood Council Westchester/Ptaya dc! Rey Energy Zone -6
Atea Planning Cotnmission - West Los Angeles Community Noise Equiv, Level - 65 db < dB Fire District 2
LADBS Branch Office - WI,A Coundil Community Plan Area - Westchester Playa def Rey Hillside Grading Area - 'VES
District- Census Tract 2766.04 Near Source Zonc Distance 6.3
IQ]C4-1-CDO
Zi-2374 LOS ANGELES STATE A - 7 A29S8-3150%V ORD - ORD. 129279 ORD ORD. t*07_97
ENTER 42404 Loyota Village - ZA-2000-2494-CU ORD - ORD- 161650 CPC - CPC-19S6-fi058
Area in Cit ORDAIOt823 ORD - 00-168999 CPC 984-226-SP
- ZA-i987- t490-SM ORD ORO-t 006 ORD ORD.J759S1-SA500 CPC CPC-1986-292-Z2C

EQR BETHANY VILLAGE VSTAS INC O
PO BOX CHICAGO IL 60680 Tenant:

App%canc (Relationship: Other)
WILLIAM

920 W. LAMBERTRD, SUITE J, BREA, CA 92821 (7M) 235-2939

For Cashier's Use Only

CONCRETE INSPECTION.

SOLAR WATER HEATING & GEMP STORAGE TANK & GEHPANCHOR& CONCRETE.

2.ROCESSING
BLDG. pc By: DAS PC. By:
OK Cashier: Coord. OK:
Signature: Date:
it. Submittal ftePeriod M50.000 IA ESTE 104154804 4/19/2019
BUILDING PLAN CHECK
Sewer Cap ID: Total Bond(s) Due: DEV SERV  CENTER

SURCH SYSTEMS DEVT

PEE ctTY PLANNING
SURCH MISCELLANEOUS
PLANNING MAINT St.JRCX

WI/0 4: 91611459,

$828.00
$24.84
$49.68
$49.68
$10.00



9400 S La Tijera Blvd

Fnrinspaction requests, can (888) LA4BIiJILD (524-2845). Outside LA County, cali (213) 482-0000 or $57 96
request inspections via To gpeak to a Call Center agent, can 311. Outside LA County, (213) *73-3231.
Sub Total ;
Permit 190161000011459
6100-0 0104029377
196G
@DBS Pennit Y: k 19042 10000 02461
AL Plan Check X19LA01839 Printed: 01/3 i/19 09:16 AM
DEPARTMENT OF BUILDING AND SAFETY Event Code:
A DeparExnent of Buxlding and $55.00 Angeles Department of Building and Safety Issued On:  01131/2019
DAVI 307033750 1/31/2019 $1.65
LUbBINGPbRMIT...CiMM $3.30 PPLICATION FOR PLUMBING Ist Status: Issued
)EV SERV CENTER SURCH .
'YSTEMS DEVI® $0,00 AN CHECK AND INSPECTION Date: 01/31/2019
'LUMBINGPERMIT-COEN
95 87407 CHICAGO IL 60680
gub (951)768-0719
190421000002461

(C) ENETECHINCORPORATED 420 W LAMBERT RD BREA, CA 92821 C33 967408 (950768-0719

SOLAR WATER HEATING SYSTEM

Plan Check By:
OK for Cashier: Trevia Hodge

Signature: Date: 01/31/2019

B-20



The work included in this permit Shau not be construed as establishing the. legal number of
dwelling units or guest rooms, That number is established by a Building Permit Of a Certificate
ofOeeupancy. fntheeventthat any box (i.e. {"10) -is lilied to itscgpaeitY™* itis possible {hat
additional information has been captured electronically md could not be printed due s»aee

Nevertheless, the. information printed-exceeds that rcquircd by Section 19825 of the ~ Code Of
the State ofCalifornia.

For inspeedon requestss cali ton-free 4BULLD (514-2845). Outside LA COImty,

(213) 482-0000 or requestius ~ ns Via b org, To speak to Catt Center agent,
OuGideLACounty.

B-21

For Cashier's Use Only

r..A bAVt 107033750 1/31/2019

DEV SERV CENTER SURCE
DEV'? FEE
sub
190421000002461
Receipt 0107996927

WI/0O 94202461

$55.00
65

$59,95



9400 S La Fijera Blvd

A /18 S, Somei ¥ty

203 US2 - 6524
18042 - 10000 - 25924 y ,
Printed: 10/25/18 03:33 PM

Application #:
Plan Check #: M18ILA06406
Event Code:

Plumbing GREEN -MANDATORY
Apartment

APPLICATION FOR PLUMBING
Regular Plan Check

City of Los Angeles - Department of Building and Safety

Last Status: Submitted

Plan Check PLAN CHECK AND INSPECTION StatusDatee. 10/25/2018
L PROPERTY
EQR BETHANY VILLAGE VISTAS INC OPO BOX 87407 CHICAGO IL 60680
2. APPLICANT INFORMATION  (Relationship: Engineery

ABDULLAH YACOB AHMED OCCIDEh 4862 GRAPHITE CREEK RD

JURUPA VALLEY, CA 91752 (951)768-0719

9400 S La Tijera Blvd

18042 - 10000 - 25924

ADDITION OF SUPPLEMTAL WATER HEATING EQUIPMENT
(EVACUATED TUBE SOLAR SYS1EM AND GAS ENGINE HEAT
PUMP) ON EXISTING DOMESTIC HOT WATER SYSTEM OF AN
APPARTMENT BUILDING.

3. TENANT INFORMATION
g 4 CONTRACTOHR ARCHITECT & ENGINEER NAME. 5 P —
g ® 4862 GRAPHITE CREEK RD, JURUPA VALLEY, CA 91752 M2354
=
o0
-t
=1 S APPLICATION COMMENTS For Cashier's Use Only W/O 84225924
\
oy \()‘

1. CHECKL |STHTEMS:

COUNCW 11

2. APPLICATION PROCESSING INFORMATION

man Check By:
OK for Cashier:

Signature: Date:

NOTICE; work included in this permit shall not be construed as establishing the legai
number of dwelling units or guest rooms. That number is established by a Building
Permit or a Certificate ofOccupancy. In thc event.that any box (i.e. t- 10) is «filled to its
eapaeity. it is possible that additional information has been captured electronically and
conid not be printed due to space restrictions. Nevertheless, the infonnation printed
exoeedS that required by Section 19825 of the Healdt and Safety Code ofthe State of
California.

A ESTE 104144314 10/25/2018 3:33:06 PM
MECEANICAL pc  $99* 00

B-22



TR T

For inspection requests, call toll- (524-2845). Outside LA County, call (213) 482-0000

ortequostins tions via www. adbs rg. Tospeaktoa Call Center agent; 311. OutsideLACo
.(213>473-323.1.

Permit # : 180421000025924
Receipt # : 0104960576

INSPECTION RECORD

Your feedback is important, please visit our website to convtete customer

survey at www.iadbs.oqlLADBSWeblcustométsurvey.isf

If you would like to provide additional' feedback' need clarification, or have any
question regarding plan check or inspectiori matters, please Gall our Customer

Hotline at (213) 482-0056

PERMIT NO : 19016-10000-11459
ADDRESS : 9400 S LA TUERA BLVD

WORK DESC : NEW CONCRETE PAD AND ANCHORAGES FOR (N) SOLAR

STORAGE TANKS ON GROUND LEVEL.

LA ESTE 0104038465
19016-10000-11459 F

INSPECTION RECORDS AND. PLANS MUST BE AVAILABLE DURING
INSPECTION

DATEINSPECTOR initial

DEV SERV CENTER SURCH $4.46
SYSTEMS bEVT $8.91
BECEANICALS PC $49.50
Sub Total : $161.87
2019LA24574
5/10/2019

Grading
Toe or Bottom
Soils Report Approved

DO NOT PLACE FILL UNTIL ABOVE IS SIGNED

Backfill
Fill
Excavation
Drainage Devices
Rough Grading
Approved Compaction Repott

Footin Excavation
Forms
Reinforcing Steel
OK to place concrete

Electrical
Plumbing
Plumbing N'Ethane

Gas Piping
Heating & Refrigeration

Fire Sprinklers
Disabted Access
Methane

OK to Place Floor
DO NOT PLACE FLOOR UNTIL ABOVE IS SIGNED

Green Code
Electrical
Plumbing
Fire Sprinkler
Heating & Refrigeration Roof
Sheathing

Disabled Access

Framing
Insulation

Suspended Ceiling OK to
Cover

FOR INSPECTION REQUESTS, PLEASE CALL 3-1-1
OR OUTSIDE CITY OF LOS ANGELES 888-LA4-
BUtLD (888)524-2845 or

B-B Card rev. 411811

B-23



TYPE DATE INSPECTOR
Exterior Lathing

Interior Lathing

Drywall
DO NOT COVER UNTIL ABOVE ts
SIGNED

Electrical Underground
Gas
Hé6ating & Refrigeration
Sewer

Disabled Access

Excavation
Reinforcing Steel
Bonding

Pre-Gunite
Deck
Enclosure/Fence
PooVSpa Cover

DO NOT FILL POOL UNTIL ABOVE IS
SIGNED

Grading
Etectricai
Plumbing
Gas Test
Gas
Heating & Refrigeration
Pressure Vessels
Elevator

Fire Sprinkler

Disabled Access
Green Building
I-AFD (Title 19 only)
LAFD Fire Life safety
Pool Final
AQM'sign-off provided
Public Works
Building

Certificate of Occupancy Required YESNO

B-24
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IMPORTANT NOTICE

Prior to the start of any construction work adjacent to any public way, pedestrian protection shall be

provided. (Sec. 91.3303 L.A.M.C.).

Inspections may be requested Monday through Friday by calling 1-888-LA4-BUILD, When requesting an inspection, the
following information is required: (1) The job address, (2) Type of inspection, (3) use of Building, (4) Permit number, (5) Phone
number of a contact person should the department need to reach someone.

Inspection requests received before 4:00 p.m. Monday through Friday (excluding holidays) witl normally be made the next
business day, Requests received after 4:00 p.m. will be made following the next business day. The Automated Inspection Call
Back System (AICBS) will phone the contact person to confirm the inspection.

Permit fees provide for a limited number of inspections. A reinspection fee may be assessed when the work for which an
inspection was requested is not complete, when the inspection record or plans are not availabfe, or when here is failure to
provide site access to department staff.

No person shall perform any construction or repair work between the hours of 9:00 p.m. (6:00 p.m. grading) and 7:00 a.m.
the following day which results in loud noises to the disturbance of persons occupying sleeping quarters in any dwelling, hotel,
motel, apartment, or other place of residence(Sec. 41.40 L.A.M.C.).

No person, other than an individual homeowner engaged in the repair or construction of his/her single-family dwelling, shall
perform any construction or repair work of any kind upon any building or structure located on land developed with residential
buildings or perform work within 500 feet of land so occupied, before 8:00 a.m. or after 6:00 p.m. on any Saturday or at any
time on Sunday (Sec. 41.40 L.A.M.C.).

Dust control measures to prevent dust from being blown or deposited over or upon any private property in any residential
area must be implemented during any excavation or earth-moving phase of construction, sand blasting, or demolition.

A separate permit from the State of California Division of Industrial Safety is required prior to starting certain work involving
substantial risk to workers such as: construction or demolition exceeding 3 stories or 36 feet in height, or excavations or
trenches over 5 feet in depth involving entry by workers.

Building permits are valid for Wvo years or expire on the 180th day from the date of issuance if the work permitted has not
commenced. The department reserves the right to expire any permit where work has been suspended for a period of 180
days or more.

* Inspection services will not be provided when there is an unleashed dog on the premises.

BUILDING AND SAFETY PERMIT AND PLAN CHECK OFFICE LOCATIONS

B-25



Downtown Los Angeles 6262 Van Nuys Blvd., 2nd Fl.
201 N. Figueroa st., 4th Fl. Los Angeles, CA Van Nuys, CA 91401
90012 Van Nuys West Los Angeles
San Pedro
638 S. Beacon St., 2nd FI.
San Pedro, CA 90731
South Los Angeles
8475 S. Vermont Aver,
2nd Fl.

Los Angeles, CA 90044

1828 Sawtelle Blvd., 2nd Fl.
Los Angeles, CA 90025

INSPECTION RECORD

o oo ¥ oo Pase Yot e oo
LA DBS | ;o reniatismes eyl I 2019LA24574
. o 102019 927028
vy
PERMIT NO : 19016-10000-11459 kL oo Lo
ADDRESS  : 9400 5 LA TIJERA BLVD
WORK DESC : NEW CONCRETE PAD AND ) SOLAR
'STORAGE TANKS ON GROUND LEVEL.
INSPECTION RECORDS AND PLANS MUST BE AVAILABLE DURING INSPECTION
GRAD o € 3
Tvre T oare | rrECTOR Tire DEPECTOR
i Grarg G oo
LT - [T -
o o e
00 NOT PLAGE FILL UNTIL ABGVE 5 SIGNED G WOT COVER UNT ABOVE 1S SIGNED
S —]
e T vromgrom:
T o
o boices Tiaing s Rovgmaan
Tough Gy S
s oosten o s Ao
o Ercaon oy
Foms T Rakororg Swar
] Sondg
G ace e o
ey
Cnct Bua
Ercoratencs
g i Fontos Covw
G porg GO NOT FILL POOL UNTIL ABOVE 1 SIGNED.
Fre Spariers. Grmtrg )
D ot e «
s ey 0 e
o P Pt Gt /S5 0 o
DO NOT PLACE FLOOR UNTR. AGOVE 1 SIGNED | G 1
__ Hosing & Reigsaion | “@Hﬁﬂ‘\ﬁf\
Groen Cose Provews Vessde 1 A%
Gocreat B AN
ey Fro Spnbier A"
oo Somr Duatd sezess
oty e Goan Bty
oot sty T30 rae ]
Dt v A0 e e Sy
e PeFoat X
Vs | Ao or o N
Pk ik =
O Come Ay
FOR INSPECTION REQUESTS, PLEASE CALL 3.1 [ —
s Snacey of os Mostea CorticasofOccupancy Racuied | CIvEs (1N
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APPENDIX C:
Measurement and Verification (M&V) Report

Overall Measurement & Verification Approach

The goal of this measurement and verification (M&V) project is to assess the overall energy
savings potential of the retrofitted equipment, controls hardware, and controls strategies as
compared to the baseline domestic hot water (DHW) system at the test site.

The existing DHW system that was retrofitted serves 148 residential units across four stories
of the building and is located on the roof. It consists of two central gas-fired boilers (one of
which is redundant) with an integral pump each, a storage tank, and two return water pumps
in series in the recirculation loop. The make-up water feeds into the storage tank. The boilers
are controlled by one aquastat set to approximately 130 degrees Fahrenheit (°F) (54 degrees
Celsius [°C]) whose thermowell is mounted in the bottom half of the storage tank. One boiler
and at least one return water pump occasionally failed or were disabled intentionally by the
facility staff.

The retrofit equipment consists of a gas-engine heat pump (GEHP) plant located in the first-
floor parking lot and a solar thermal system located on the roof. Both systems intercept and
preheat the make-up water to the existing DHW system, and the existing system is otherwise
left intact and not modified by the project team.

The gas into the existing boilers and new GEHP were measured by diaphragm gas meters with
pulse output. Pump power for the new pumps was measured with three-phase power meters.
Heat energy into and out of the existing storage tank and out of the GEHP was measured with
British thermal unit (Btu) meters. Data was typically sampled at 1-second intervals and saved
at 1-minute intervals.

The two boiler gas meters and the one Btu meter between the boilers and the existing storage
tank were used to estimate the coefficient of performance (COP) of the pair of existing boilers
at an hourly interval for time periods of consistent data. The GEHP gas meter and Btu meter
were used to estimate the COP of the GEHP at hourly intervals for time periods of consistent
data.

For each measurement period, gas usage was aggregated to daily intervals and scatter plotted
versus daily National Oceanic and Atmospheric Administration (NOAA) weather station dry bulb
temperature to search for linear correlation. Normalization for other factors such as occupancy
was not conducted, and pump energy was not scatter plotted against any factors.

Correlation was not great for either period, but both gas versus dry bulb temperature trendline
equation were nevertheless applied to California Climate Zone typical weather data. This
yielded estimated annual energy usage for the baseline and retrofit periods as well as
estimated annual savings.
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Data Points

Data points are shown in Table C-1 below.

Data Sampling, Recording, and Collection Intervals

Data point information is also shown in Table C-2 below.

Table C-1: Data Points, Intervals, Resolution, and Accuracy

Data Point Qty. Units Rf:t(; ':":Ig Resolution
Boiler Gas Usage 2 ft3 1 min. 1 pulse =1 ft3
GEHP Gas Usage 1 kBtu/hr 1 min. 1 Btu/hr
Boiler Pump Power 2 kW (via kVA) 1 min. ~0.01 kW
GEHP Pump Power 2 kW 1 min. 0.001 kw
GEHP Other Power 1 kW 1 min. 0.001 kw
Solar Thermal Pump Power 1 kW 1 min. 0.001 kw
Boiler Supply Water Temp. 1 °F 1 min. 0.018°F
Boiler Return Water Temp. 1 °F 1 min. 0.018°F
Hot Water Supply Temp. 2 °F 1 min. 0.018°F
Hot Water Return Temp. 1 °F 1 min. 0.018°F
Make-up Cold & Pre-heated 2 °F 1 min. 0.018°F
Water Temp.
GEHP Outlet Temp. 1 °F 1 min. 0.01°F
GEHP Inlet Temp. 1 °F 1 min. 0.01°F
Outside Air Dry Bulb 1 °C ~ 1hr. 0.1°C
Temperature
Boiler Water Flow Rate 1 gpm 1 min. 0.001 gpm
Hot Water Return Flow Rate 1 gpm 1 min. 0.001 gpm
Hot Water Supply Flow Rate 1 gpm 1 min. 0.001 gpm
Make-up Water Flow Rate 1 gpm (via (2) gpm) 1 min. 0.001 gpm
GEHP Water Flow Rate 1 gpm 1 min. 0.01 gpm
Boiler Heat Rate 1 Btu/min 1 min. 0.001 Btu/min
Hot Water Return Heat Rate 1 Btu/min 1 min. 0.001 Btu/min
(against Hot Supply Temp.)
Make-up Water Heat Rate 1 Btu/min (via (2) 1 min. 0.001 Btu/min
(against Hot Supply Temp.) gpm & (2) °F)
GEHP Heat Rate 1 kBtu/hr 1 min. 1 Btu/hr

Source: NegaWatt Consulting
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Instrumentation

M&YV instrumentation is shown in Table C-2 below.

Table C-2: M&V Instrumentation

Make, Model, Name, URL

Specifications

Notes

MultiTech Cellular Modem MTR-
LAT1. https://www.multitech.com/
models/92507399LF.

LTE Cat 3 Router with Fallback, w/o
Accessories (AT&T).
Operating Temp.: -40°F (-40°C) to
176°F (80°C)

Purchased new in
2018.

T-Mobile Unlimited data plan for 2
years. http://www.egauge.net/eos/
accessories/CR100MT.

Network Speed: 3G.

Purchased new in
2018.

RS-485 to Ethernet converter.
http://www.egauge.net/eos/
accessories/bf430.

Operating Temp.: -17°F (0°C) ~ 131°F
(55°C).

Purchased new in
2018.

RS485-USB Converter. http://www.

egauge.net/eos/accessories/usb485.

Operating Temp.: -34°F (-30°C) to
140°F (60°C).

Purchased new in
2018. Quantity: 2.

ControlByWeb X-420 Web-Enabled

Data Acquisition. https://www.
controlbyweb.com/x420/.

Digital Inputs
Number of Inputs: 2 (configurable).
Analog Inputs
Number of Inputs: 4.
Resolution: 16-bit, SAR.
Temperature Sensors
Maximum Number of Sensors: 16.
Type: Dallas Semiconductor DS18B20.
Temp. Range: -67°F to 257°F (-55°C to
125°C).
Accuracy: £32.9°F (0.5°C) (from -18°F
[-10°C] to 185°F [85°C])).

Purchased new in
2018. Quantity: 2

ControlByWeb X-WR-1R12-11-I
WebRelay. https://www.controlby
web.com/webrelay/parthnumbers.
html

Outputs

Relays: 1. Current: 12A 240VAC, 30VDC.

Inputs
Digital: 1. Range: 4-26 VDC.

Purchased new in
2018.

Elster American Meter AC-800 with
PulseMaster Pulse Output Module.
https://mcsmeters.com/collections/
diaphragm-gas-meters/products/
american-meter-ac800-diaphragm-
meter.

Capacity: 800 SCFH (22.7 m3/h) (0.60
specific gravity gas) at 1/2-inch w.c.
differential.

Pulse Rate: 1 pulse/1 ft3.

Performance: Meets ANSI B109.2.

Purchased new in
2018. Quantity: 2.

Pulse output gas meter
(make/model TBD)

TBD

Provided by GEHP
manufacturer



https://www.controlbyweb.com/x420/
https://www.controlbyweb.com/x420/
https://www.controlbyweb.com/webrelay/partnumbers.html
https://www.controlbyweb.com/webrelay/partnumbers.html
https://www.controlbyweb.com/webrelay/partnumbers.html
https://mcsmeters.com/collections/diaphragm-gas-meters/products/american-meter-ac800-diaphragm-meter
https://mcsmeters.com/collections/diaphragm-gas-meters/products/american-meter-ac800-diaphragm-meter
https://mcsmeters.com/collections/diaphragm-gas-meters/products/american-meter-ac800-diaphragm-meter
https://mcsmeters.com/collections/diaphragm-gas-meters/products/american-meter-ac800-diaphragm-meter

Make, Model, Name, URL

Specifications

Notes

Onset Temperature (6") Sensor
TMC6-HE. https://www.onsetcomp.
com/products/sensors/tmc6-he.

Measurement range: -40°F (-40°C) to
212°F (100°C).
Drift: <32°F (0.1°C) (<0.2°F [-17°C])
per year.

Response time in air: 3 min. typical to
90% in air moving 1 m/sec (2.2 mph).

Purchased new in
~ 2017. Quantity: 2

Sierra Instruments Ultrasonic Liquid
Flow Meter with Thermal Energy/Btu
Capability, InnovaSonic®207i.
http://www.sierrainstruments.com/
products/207iprod.html

Performance Specifications
Pipe Size: 2 to 236 inches (50 to 6000
mm).
Accuracy: £ 0.5% of reading from 0.16
to 40 ft/s (0.05 to 12 m/s).

Repeatability: + 0.15% of reading
>0.16 ft/s (0.05 m/s).

Resolution: 0.01 ft/s (0.00025 m/s).

Response Time: 150 m/s measuring
cycle.

Operating Specifications
Flow Velocity Range

Bi-directional flows: 0.16 to 40 ft/s
(0.05 to 12 m/s).

Note: 0.08 ft/s (0.025 m/s) is the
default low flow cut-off.

Purchased new in
2018. Quantity: 5 4.

Temperature
Ambient electronics: -4°F (-20°C) to
140°F (60°C).
Clamp-on transducer: 14°F (-10°C) to
176°F (80°C).
Clamp-On RTD Accuracy: £0.12% at
32°F (0°C).
Omega Flow Meter -- Provided by GEHP
manufacturer
Temperature sensors -- Provided by GEHP
manufacturer

eGauge Core Energy Meter. http://
www.egauge.net/eos/energy-
meters/EG4115.

Operating Temp.: -34°F (30°C) to 158°F
(70°C).
Power Draw: 12W max, 2W typical.

Measurement Voltage: Up to 277 Vrms
per line. 3 lines.

Measurement Current: 15 sensor ports,
6900A max/ea.

Accuracy: ANSI C12.2 - 0.5%
Compliant.

Purchased new in
2018. Quantity: 2.



https://www.onsetcomp.com/products/sensors/tmc6-he
https://www.onsetcomp.com/products/sensors/tmc6-he
http://www.sierrainstruments.com/products/207iprod.html
http://www.sierrainstruments.com/products/207iprod.html

Make, Model, Name, URL

Specifications

Notes

Register Count (data storage points):
64.

Granularity (duration/avg): 1 hour/1
second, 1 year/1 minute, 10 years/15
minutes, Device Lifetime/1 Day.

Data Communication: Modbus RTU,
Modbus TCP, BACnet/IP, XML.

Magnelab SCT-0400 Split-core AC

Current Sensor, https://www.
egauge.net/docs/sct 0400.pdf

Output: 0.333V at rated AC current.
Accuracy: £1%.
Range: 10% to 130% of rated current.
Frequency: 50Hz — 400Hz.

Purchased new in

Fall 2013. Multiple

sizes from 10 to 50
amps.

Extech 380976 1-phase/3-phase

1000 Amp True RMS Power Clamp-
On Meter, http://www.extech.com/
instruments/product.asp?catid=27&

prodid=705

Function: Max Range/Resolution, Basic
Accuracy.

True Power (W): 600kW/10W, £5%.
Apparent Power(kVA): 600kVA/100VA,
+2%.

Reactive Power (kVAR):
600kVAR/10VAR, +£5%.

Phase Angle (f): -60 to +60° / 0.1°,
+6°.

AC Current (Trms): 1000A/10mA, +2%.

MA Current (AC+DC) (Trms):
1000pA/10nA, £1%.
AC/DC Voltage (Trms): 600V/0.1mV,
+1%.
Temperature (Type K): -58°F (-50°C),
to 1000°F (538°C) / 0.1°F (-17°C),
+1%.

Calibrated on
10/11/2012. Used
for spot checking

only as needed.

Source: NegaWatt Consulting

Instrumentation Layout

Figure C-1 below shows the baseline instrumentation installation guidance diagram. The
hexagons labeled “F” are flow meters, those with “T" are temperature sensors, and those with

“G" are gas meters.



https://www.egauge.net/docs/sct_0400.pdf
https://www.egauge.net/docs/sct_0400.pdf

Figure C-1: Baseline M&V Instrumentation Installation Guidance Diagram
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Source: NegaWatt Consulting

An instrumentation installation guidance diagram was not created for the retrofit equipment.
However, Figure C-2 is a schematic M&V instrumentation diagram showing both the baseline
and retrofit equipment.

Figure C-2: Baseline & Retrofit M&V Instrumentation Diagram
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Natural o
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Bacssat Rde @@ inthe electrical panel if they &l share a breaker,
- (® Added a temperaure sensor,

Source: NegaWatt Consulting
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Data Analysis Procedures
Data analysis procedures are summarized in the following list:
1. Remotely download data from all sensors regularly and troubleshoot irregularities.

2. For the existing boilers in the baseline period and the GEHP in the retrofit period,
aggregate the data to daily intervals and compare heat output to gas usage to
calculate equipment efficiency or COP:

d. Qaut /En

3. For the baseline and retrofit periods at the daily interval only, look for correlation
between £’ and daily NOAA weather station dry bulb.

4. If correlation is high enough for £i, for both baseline and retrofit, calculate annual
savings against each of the California climate zone weather files first aggregated to
daily intervals. If only one correlation is high enough, then only calculate adjusted
savings for the respective measurement period (i.e. baseline adjusted to retrofit
conditions or vice versa).

5. Calculate cost savings using blended electricity and gas rates.

6. Identify and discuss system loss mechanisms, and opportunities for optimization and
improvements.

7. Data analysis will be performed periodically on an interim basis upon request by the
PI, and for final reporting at project end.

Baseline System

Existing Domestic Hot Water Plant Conditions

The overall system are shown in Figure C-3 and C-4. The left photo in Figure C-4 shows the
hot water supply line, hot water return line and two inline pumps mounted in series, and the
make-up cold water line. The right photo shows the gas piping into the boilers and the integral
boiler pumps. Figure C-5 shows the nameplate for one of the two identical boilers.

Figure C-3: Existing Boilers and Storage Tank

i ) T
E 3 N

Source: NegaWatt Consulting
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Figure C-4: Existing Storage Tank Water Piping and Boiler Gas Piping

Source: NegaWatt Consulting

Figure C-5: Boiler Nameplate

Designed, Manufactured ‘m -
“ and Certified By i b Aseiiony o i
G
an

' ; Heating Systems Company

G ® Rochester, NH, U.S.A. : Oakville, Ontario, Canada:
Automatic Circulating Tank Water Heater I Recovery Rate (100°F Rise)
For Either Indoor or Outdoor Installation, : - :
Indoor Installation Either Direct Vent or Using Indoor Combustion Air. . FOR YOUR SAFETY
For installation on Combustible Flooring, CATEGORY 1 & Il . " Do not store or use gasoline or other flammable vapors
mmwmmm1mmﬂ CSA 4.3b 2004 : CRN # F1031.152T3674 m“.'““ |nh“dnlvdm|s"-wm“"m
ﬁna..ummm Date: Nov 01,2005 | |FOR INSTALLATION ON COMBUSTIBLE FLOORING
' lllnlmum Clearances From Combustible Surfaces -
\ Model Number ; PNCVO750NACK2PXN T : s S
\ Serial Number C05159319 \ National Board 159319 | From (lnd_l.s) (Iinches) -
'Ymis' Boiler Equipped to Burn _ NATURAL Gas Top .- 1 A Unobstructed
' 749,970 Btunr | | Side 1 6
\ Input - - ! Front Aicove Unobstructed
\ Minimum Input Rate 249,990: . Btuhr| | 1 6
| output - 630,000 Btu/hr jortical { v 1) Vent* g nla
E i W.P. Water ‘ 160 P.Sﬂ Horizontal (Category 3) Vent per UL1738 venting system supplier's instructions
: T 5 N Service Clearance 24" at front of boiler
ﬁaxlmm’"ahr Temperature 210 Deg.F I 3 : e 5
\H-mnum Relief Valve Glpaclty 720,000 Btu/hr Elec ical Cha toriatics 3
1Hoaihs Surface : = s I 120 V - 60Hz - SINGLE PHASE - Less than 12 Amperes, 4§
w it 13 meneswec. | READ YOUR MANUAL THOROUGHLY Ry
i in accordance with local codes
|‘_ = ible Gas Supp a Inﬂm'l-c.J ::::ll-rmu- ml-:f:-m "Mh“._mﬂm

"'Manilold Pressure —— 2.5in/ W.C. J g niat

Source: NegaWatt Consulting

Our various measurements gave us insight into plant operation. The integral boiler pumps run
constantly at a steady combined flow rate of approximately 90 gallons per minute (gpm); the
boiler supply to return water temperature difference is typically less than 6°F (-14°C); and the
tank supply temperature setpoint is easily met. This indicates that cycling the pumps with a
call for heat would be more efficient and that one boiler is redundant (i.e., one boiler has
sufficient capacity to satisfy the load).
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The hot water supply temperature is approximately 130°F (54°C) and the return water
temperature is typically about 6°F (-14°C) colder. The return water pumps run constantly at a
steady combined flow rate of approximately 19 gpm. The average minutely hot water draws
are typically less than 10 gpm and often less than 5 gpm. This indicates that the return water
pump flow rate could be reduced without impacting hot water wait time at the fixtures, and
that the return water loop heat loss is a substantial portion of the current load.

Natural Gas Utility Data

We reviewed the natural gas utility data, but it is of limited value since one gas meter serves
the whole building which includes three DHW plants, a pool, and other gas-fired equipment
and appliances. See Figure C-6 for an excerpt of the October 2018 gas utility bill.

Figure C-6: October 2018 Gas Utility Bill

Account Activity

Date of Bill 10/09/2018 Previous Balance §4813.89
Total Amount of Payments 54813.89
Balance Forward 50.00
+ Current Bill 54665.29
Current Balance $4665.29

Gas Service - Account Summary

Invoice Number _ Customer Charge -- 30 Days X 0.16438 5493
Premise Number Baseline -- 4299 Therms X 0.88972 $3824.91
Meter No. [ ] Suhtatal $3820 .84
Rate GM-E

Current Reading 70484 Actual 10/05/2018

Previous Reading 67024 Actual  09/05/2018

Measured CCF Usage 3460

Multiplier 1.0320

Therm Factor 1.2040

Therms 4299

Summary Charges

Baseline -- 4299 Therms X 0.88972 57.14
Baseline -- 4299 Therms X 0.88972 5404.19
Nat Gas Unlity Tax 542412
Subtotal §835.45

Source: SoCalGas; obtained from building owner

During this bill period, the building used 3,460 centum cubic feet (CCF) (or, 346,000 cubic
feet) of natural gas. The "multiplier” of 1.032 is used to convert to therms while accounting for
the elevation of the site, which is approximately 150 feet, and the heat value of gas delivered
that month to the given Btu district, which is 11 (SoCalGas 2018). The “Therm Factor”
accounts for elevated delivery gas pressure using Boyle’s Law as compared to atmospheric
pressure (14.73 pounds per square inch absolute [psia]) (SoCalGas 2010). So, 1.204 equals
delivery pressure divided by 14.73, giving a delivery pressure of 17.73 psia or 3 pounds per
square inch gauge [psig]) (SoCalGas 2010).

There is a gas regulator in the garage that reduces the gas pressure in the line serving the
boilers. We have not measured the pressure at our gas meters on the roof, but we know from
the boiler nameplate that the acceptable pressure range is 4 inches water column (w.c.)
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(0.144 psig) to 13 w.c. (0.469 psig). This gives a "Therm Factor” range of 1.0098 to
1.0318. We will use the midpoint of 1.02.

For the “multiplier,” we will use the average of the most recent 11 months from January to
November 2018 which gives 1.033.

Our diaphragm gas meters are not temperature compensating because such meters were not
available from our distributor during M&V installation. We mounted a temperature sensor on
the outside of the gas header pipe on the roof to attempt the temperature compensation
calculation ourselves. For the time being, we will not attempt to correct for temperature since
that data seems higher than expected.

The pulse rate of our gas meter is 1 cubic foot per pulse. Therefore, to convert our gas
measurements at the boilers:

3 therms

) - (1.02 - 1.033) 10075

Gas Usage in th = x pulses - | 1
as Usage in therms = x pulses ( pulse

To convert this to Btu, we multiply by 100,000 (U.S. EIA 2018).

Estimated Baseline Annual Domestic Hot Water Gas Usage & Emissions

The cumulative minutely gas pulse data was resampled to daily intervals and the above equa-
tion was used to convert to therms. The date range was June 8, 2018 to December 1, 2019,
anomalous data was removed, and some days of data were missing. There were 485 usable
observations. In Figure C-7 below, this data was scatter plotted against average daily dry bulb
temperature from the NOAA weather station at Los Angeles International Airport and a linear
trendline is shown. The coefficient of determination (R2) is not as high as we prefer, but our
baseline measurement period was long.

Figure C-7: Gas Usage versus Dry Bulb Temperature

R2: 0.4694, n_obs: 485, m: -0.8938, b: 84.628

] — Gas Tota [therm]

Gas[therm]

Source: NegaWatt Consulting
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Applying the trendline equation to daily outside air temperature data for California Climate
Zone 6, this yields 10,837 therms per year per Table C-3. Associated greenhouse gas (GHG)
emissions are shown using the California Energy Commission’s (CEC's) emissions factor of
11.7pounds (Ibs.) of carbon dioxide equivalent (CO.e). Gas cost is shown using CEC’s
statewide average residential rate of $1/therm.

Table C-3: Estimated Baseline Annual Values

Baseline Baseline Baseline Annual | Baseline Annual
Annual DHW | Annual DHW DHW Gas Cost COze from Date Range
Gas Usage Gas Usage [$, Statewide DHW Gas 9
[therms] [MMBtu] Average] Usage [Ibs.]
10,837 1,084 $10,837 126,792 6/8/18-12/1/19

Source: NegaWatt Consulting

Additional Baseline M&V Results

We measured, plotted, and analyzed numerous additional data points, both at the raw
minutely interval and aggregated to daily intervals. Before aggregating to daily intervals, we
removed anomalous spikes and corrected small issues such as energy measurements that
were consistently negative instead of positive cumulative values. We also ignored days where
60 minutes or more of measurements (congruous or not) were missing. Below are some of our
daily interval timeline plots for the full baseline measurement period, along with some
observations.

Figure C-8 below shows net boiler output (i.e., “energy-boiler”) and boiler gas input (i.e., “Gas
Total [Btu]”), both in units of Btu. Figure C-9 shows average boiler efficiency, which is net
boiler output divided by boiler gas input. The net output data is from the Btu meter across the
boiler supply and return pipes between the boilers and the storage tank, and the input data is
from our gas pulse measurements. We say net because the boiler pumps run constantly at
constant flow regardless of heating calls. When there are no heating calls, the loop takes some
energy out of the tank.

It is not clear what caused the spike in boiler output in late August 2018 or whether it should
be omitted. The drop boiler output in late October 2018 coincides with a drop in hot water
draws, which we will see later. The gradual increase from September 2018 to early 2019
correlates with colder ambient temperatures which increases boiler load during water draws.
The improved efficiency seems to indicate that the boilers are oversized.
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Figure C-8: Daily Boiler Gas Usage and Boiler Net Heat Output to Tank
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Figure C-9: Daily Average Boiler Efficiency
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Figure C-10 shows cumulative daily water volume readings from the flow meters that are part
of the Btu meters. Here is the meaning of each data series:

1. “flow-hot-return” is measured at the return line into the storage tank.

2. “flow-hot-supply” is measured at the supply line exiting the tank to serve the building.
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“flow-boiler” is not shown in order to zoom into the other data series.

4. “flow-cold” is the difference between “flow-hot-supply” and “flow-hot-return” because
the flow at the cold water line was too low to get good readings. This data series was
subsequently ignored in favor of “flow-cold-positive.”

5. “flow-cold-positive” is also the difference “flow-hot-supply” and “flow-hot-return,” but
negative minutely values (due to sensor inaccuracy) were excluded before aggregating
to daily intervals. The modified minutely data was also used for the cold water Btu
calculations. The accuracy of the cold water data is worse than the other data series
due to the combined inaccuracy of two Btu meters.

Figure C-10: Daily Water Volumes
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Source: NegaWatt Consulting

Figure C-11 shows the thermal energy in Btu from each Btu meters, with the caveat that the
“cold” data is calculated. Note that the calculation is automatically performed every second by
our eGauge data logger before it is saved as minutely data in the logger. The data series
“energy-cold-and-return” is the sum of “energy-cold” and “energy-hot-return.” It should
always be slightly lower than “energy-boiler,” but that is sometimes not the case which makes
that data suspect. An unrelated observation is that the dip in “energy-cold” in late October
2018 lines up with the boiler input and output dips in Figure C-11.
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Figure C-11: Daily Thermal Energy
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Figure C-12 shows the boiler gas input in therms for each individual boiler and for both com-

bined. It sho

ws that boiler “1” consistently handles more of the load, and that boiler "2"

stopped firing in late October 2018 for some reason and did not come back online for the rest
of the baseline period.
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Figure C-12: Daily Boiler Gas Usage
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Source: NegaWatt Consulting
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Figure C-13 shows the temperature measurements. Note that the cold water temperature is
around 80°F in the summer.

Figure C-13: Daily Average Temperatures
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Figure C-14 shows the average temperature deltas associated with each Btu measurement.
“Boiler dT” is much lower than optimal. The constant pump operation is a contributing factor,
and the boilers also seem oversized for the load. As expected, “Hot Supply to Cold dT” show
that the load of hot water draws generally increases with lower ambient and cold water
temperatures, assuming temperature setpoint is fixed.

Figure C-14: Daily Average Temperature Deltas
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Source: NegaWatt Consulting
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Retrofit System

Retrofit System Conditions

The retrofit system consists of the GEHP and solar thermal systems which both pre-heat the
cold-water makeup water going to the existing DHW system. The project team did not other-
wise modify the existing DHW system whereas the site staff did make seasonal control
changes and deal with some pump and perhaps boiler failures. As far as the retrofit equip-
ment, the GEHP system had much lower equipment COP system than expected, but
functioned properly otherwise.

Estimated Retrofit Annual Domestic Hot Water Gas Usage & Emissions

The below three figures (Figures C-15, C-16 and C-17) show the daily gas usage versus daily
ambient dry bulb temperature during the retrofit period after anomalous data was removed.
The date range was from June 1, 2020 to April 11, 2021 and there were 233 usable observa-
tions. Figure C-15 is for the GEHP, Figure C-16 is for the existing boilers during the same
dates, and the Figure C-17 is the combined gas usage. Trendline information is shown above
each plot. Pump power was not evaluated. Gas usage increased compared to the baseline
period. Perhaps the domestic hot water load in the building was higher during this time period
versus the baseline period due to more people being at home during the COVID19 pandemic.
The pandemic began in early 2020, which was after the end of our baseline M&V period and
before our retrofit M&V period.

Figure C-15: GEHP Gas Usage versus Dry Bulb Temperature (Retrofit Period)

R2: 0.7293, n_obs: 233, m: -0.4290, b: 47.186

— GEHP [therm
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Source: NegaWatt Consulting
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Figure C-16: Boiler Gas Usage versus Dry Bulb Temperature (Retrofit Period)
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Figure C-17: Total Gas Usage versus Dry Bulb Temperature (Retrofit Period)

R2: 0.6703, n_obs: 233, m: -1.1808, b: 129.907
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Applying the trendline equation to daily outside air temperature data for California Climate
Zone 6, this yields 20,926 therms per year per Table C-4. Associated GHG emissions are
shown using CEC's emissions factor of 11.7 pounds of CO.e per therm. Gas cost is shown
using CEC's statewide average residential rate of $1/therm.

Table C-4: Estimated Retrofit Annual Values

Retrofit Retrofit Retrofit Annual Retrofit
Annual DHW | Annual DHW | DHW Gas Cost | Annual COze Date Range
Gas Usage Gas Usage [$, Statewide | from DHW Gas g
[therms] [MMBtu] Average] Usage [Ibs.]
20,926 2,093 $20,926 244,837 6/1/20-4/11/21

Includes GEHP and Boiler Gas Usage. Additional electrical usage for new pumps not addressed.
Source: NegaWatt Consulting

Additional Retrofit M&V Results

The figures below (Figures C-18 through C-26) show the primary data collected during the
retrofit period at the new GEHP plant and the existing boiler plant. Note that although we have
been collecting most M&V data to date, we lost Modbus communication with the GEHP equip-
ment and related sensors in mid-April 2021. That is why the date range in the above table is
shorter than the date range of the below timeline plots. In any case, an important finding
during the retrofit period was that the GEHP COP was lower than expected (Figure C-19). The
manufacturer and project team have attempted multiple fixes and will continue to attempt
additional fixes.

Another important finding is that the retrofit energy usage was much higher than the baseline
energy usage. However, it is clear from the temperature data that the GEHP and solar thermal
system preheated the supply water as designed (see “tank_supply_F” and “citywater_F" in
Figure C-20). We expect that at least some of the gas usage increase was due to COVID-19
impacts. Surprisingly, gas bills from the project site indicate that overall yearly site gas usage
was steady from 2018 through 2020.

The solar thermal system heat output is compared to the GEHP heat output in Figure C-18.
There are only a few data points for the solar thermal system because anomalous temperature
data was removed. The average ratio of solar thermal system heat output to GEHP heat
output for days where there was useable non-zero data for each was 66 percent (i.e., the
solar thermal system provided 66 percent as much heat output as the GEHP system on
average when both systems were operational and M&V data was available). There were

47 such observations. Figure C-18 also indicates that the solar thermal system can output
significantly more energy when the GEHP system is not running. This is because it works
better when the inlet water is colder.
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Figure C-18: Daily GEHP Gas Usage, GEHP Heat Output, and
Solar Thermal Heat Output (Retrofit Period)
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Figure C-19: Daily Average GEHP COP (Retrofit Period)
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Figure C-20: Daily Average Temperatures at the GEHP Plant (Retrofit Period)
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Figure C-21: Daily Water Flow through the GEHP and Solar Thermal (Retrofit

Period)
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Figure C-22: Daily Boiler Gas Usage and Boiler Net Heat Output to Tank (Retrofit

Period)
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Figure C-23: Daily Average Boiler Efficiency (Retrofit Period)
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Figure C-24: Daily Boiler Gas Usage (Retrofit Period)
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Figure C-25: Daily Average Temperatures at Boiler Plant (Retrofit Period)
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Figure C-26: Daily Average Temperature Deltas at Boiler Plant (Retrofit Period)
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Savings Estimate

Gas usage was higher during the retrofit period as compared to the baseline period, so savings
are not reported.
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