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PREFACE

The California Energy Commission’s (CEC) Energy Research and Development Division
supports energy research and development programs to spur innovation in energy efficiency,
renewable energy and advanced clean generation, energy-related environmental protection,
energy transmission and distribution and transportation.

The Food Production Investment Program, established in 2018, encourages California food
producers to reduce greenhouse gas (GHG) emissions. Funding comes from the California
Climate Investments program, a statewide initiative that uses cap-and-trade dollars to help
reduce GHG emissions, strengthen the economy, and improve public health and the
environment.

The food processing industry is one of the largest energy users in California. It is also a large
producer of GHG emissions.

The Food Production Investment Program will help producers replace high-energy-consuming
equipment and systems with market-ready and advanced technologies and equipment. The
program will also accelerate the adoption of state-of-the-art energy technologies that can
substantially reduce energy use and costs and associated GHG emissions.

California Dairies Inc. (Turlock) Zero-Emissions Thermal Energy is the final report for project
FPI-19-015 conducted by Skyven Technologies. The information from this project contributes
to the Energy Research and Development Division’s FPIP Program.

For more information about the Energy Research and Development Division, please visit the
CEC's research website (www.energy.ca.gov/research/) or contact the CEC at
ERDD@energy.ca.gov.



http://www.caclimateinvestments.ca.gov/
http://www.caclimateinvestments.ca.gov/
http://www.energy.ca.gov/research/
mailto:ERDD@energy.ca.gov

ABSTRACT

California Dairies Inc. (CDI) is the largest milk and dairy co-op in California, producing 17
billion pounds of milk annually. CDI declared a goal to become carbon neutral by 2050, and to
make strides toward this carbon neutrality goal, CDI partnered with Skyven Technologies to
install a solar thermal system at its dairy plant in Turlock, California. The system consists of
300 solar collectors (total absorption area of 39,945 square feet) installed at the CDI Turlock
plant, which preheats the dryer air to provide renewable energy heat to the plant, decreases
the plant's natural gas usage, and decreases plant emissions. The solar thermal system was
backed by funding from the California Energy Commission and addresses key elements of
California’s clean energy and climate goals such as public health, environmental, and economic
needs.

Twelve months of measurement and verification data were collected and analyzed from the
installed solar thermal system. The extrapolated data show that the annual heat delivered by
the system was 10,508 million British thermal units per year, the annual natural gas savings at
the plant was 127,683 therms per year, and the annual carbon dioxide emissions reduction
was 678 metric tons of carbon dioxide per year.

Keywords: dairy, solar thermal, renewable energy, decarbonization, CDI, GHG, CO2, NOX,
NG, IMA

Please use the following citation for this report:

McKeon, Courtney. 2024. California Dairfes Inc. (Turlock) Zero-Emissions Thermal Energy.
California Energy Commission. Publication Number: CEC-500-2025-024.
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Executive Summary

Background

California Dairies Inc. (CDI), the largest member-owned milk marketing and processing
cooperative in California, has pledged to reach carbon neutrality by 2050. CDI is a milk
marketing and processing cooperative that is co-owned by more than 300 dairy families
(family-owned member dairies located throughout California’s rural landscape). CDI is a
leading manufacturer of fluid milk, butter, and milk powder products, producing roughly 17
billion pounds of fluid milk, 412 million pounds of butter, and 900 million pounds of milk
powder annually. Partnering with Skyven Technologies (Skyven) (which provided engineering,
management, and project execution services to CDI) and backed by grant funding from the
California Energy Commission, CDI made strides toward its carbon neutrality goal by installing
a solar thermal system aimed at reducing usage of natural gas at its CDI Turlock plant located
in Turlock, California. According to CalEnviroScreen 3.0, California’s Community and
Environmental Health screening tool, CDI Turlock’s dairy plant is located in an area with a
pollution burden in the 91st to 100th percentile, making this a high-priority area for
decarbonization efforts (OEHHA, 2018).

The installation of the solar thermal project addressed several high-impact needs of the local
community, including reducing threats to public health, revitalizing local economies, and
reducing exposure to environmental contaminants. The project supports California’s clean
energy and climate goals by addressing the following common community needs listed in
Table 5 of the California Air Resources Board’s Funding Guidelines (CARB, 2018):

e Public health needs: reduce threats to public health suffered disproportionately by
priority populations due to air pollutants.

e Economic needs: revitalize local economies and support California-based small
businesses and create quality jobs.

e Environmental needs: reduce exposure to local air pollutants.

Project Purpose and Approach

The purpose of the project was to design and install a solar thermal system capable of
providing heat that can directly offset natural gas provided heat. The solar thermal system
consists of 300 GREENoneTEC panels from the distributor, SOLID California, and is capable of
preheating the dryer air, which is removing moisture from the milk product to produce milk
powder, to a setpoint of 138°F (59°C). The primary goal of the project was to reduce carbon
dioxide emissions at the CDI Turlock plant. The intended audience for this project includes
industrial facilities with production processes similar to CDI Turlock’s (that is, dairy facilities) as
well as various other industries that use thermal energy year-round and are seeking
sustainable, clean energy solutions to reduce their carbon footprint — industries such as food
and beverage, chemicals, textiles, pulp and paper, hospitality, district heating, and wastewater
treatment.



The project approach involved designing and installing a solar thermal system capable of
providing the necessary heat to offset natural gas currently used in the facility's manufacturing
processes. The key steps in this approach included initial site data collection, determination
and quantification of the heat sink, equipment design and procurement, site preparation, and
project data monitoring and collection. The key metric needed to determine success was the
amount of heat provided by the solar thermal system. Various pieces of equipment were
installed on the solar thermal and boiler systems to collect the data necessary to calculate the
quantity of heat provided by the solar thermal system (see Chapter 2 Project Approach for
more information). Using the thermal heat provided by the solar thermal system, the boiler
efficiency, natural gas/pollutant conversions, and some assumptions on natural gas prices, the
amount of natural gas saved by the plant, the cost savings realized by the plant, and the
overall reduction in pollutants such as carbon dioxide and nitrogen oxides emissions could be
calculated (see Chapter 3 Results for more information).

Key Results

Skyven successfully installed and commissioned the solar thermal system at CDI Turlock and
has been actively collecting and monitoring the data from the system since December 1, 2022.

In the project application and the measurement and verification plan, it was predicted that the
solar thermal system would be capable of providing 11,970 million British thermal units of heat
per year with an assumed boiler efficiency of 83.0 percent. Calculations estimated that the
solar thermal project would reduce the emissions from the plant by a total of 766 metric tons
of carbon dioxide per year.

After a full year of data collection (from December 1, 2022, through November 30, 2023), it
was observed that the solar thermal system provided 5,872 million British thermal units of
heat per year. However, the solar thermal system operated with technical and mechanical
problems until late October 2023 (see Chapter 3 Resu/ts for more information). Therefore,
Skyven extrapolated the performance data from late October 2023 to early January 2024
(when the system was operating without issues) to determine that the solar thermal system
would have provided 10,508 million British thermal units of heat per year had it been
operating without issues for the entire year. Using data collected from the site, the actual site
boiler efficiency was calculated to be 82.3 percent (see Chapter 3 Results for more information
on both the observed and extrapolated heat provided by the solar thermal system and the
boiler efficiency calculation). The difference between the extrapolated and predicted values
was due to issues with the dryer unrelated to the solar thermal system that caused CDI to
decrease the operating hours of the dryer, thereby decreasing the heat that could be provided
to the dryers.

Actual (extrapolated) heat produced by the solar thermal system after one year of installation

was 10,508 million British thermal units, and the predicted heat produced by the solar thermal
system calculated in the application and measurement and verification plan was 11,970 million
British thermal units.

Actual (extrapolated) carbon dioxide equivalent emissions reduction by the solar thermal
system after one year of operation was 678 metric tons, and the predicted carbon dioxide



equivalent emissions reduction by the solar thermal system calculated in the application and
measurement and verification plan was 766 metric tons.

Knowledge Transfer and Next Steps

To date, Skyven has generated and published two press releases that highlight the installation,
commissioning, and successful operation of the solar thermal project at CDI Turlock. The press
releases themselves, as well as the website links where the press releases reside, can be
found in Appendix A of this report. Additionally, Skyven developed an in-depth case study for
this project, which was published and is available on the Skyven website (https://skyven.co/).

Skyven'’s main takeaway from the project is that solar thermal systems are not the best
solution for decarbonizing industrial heat. The effectiveness of the system is limited by the
inherent challenges in transferring heat over large distances and the intermittent nature of
solar thermal energy, which is only available at maximum capacity during specific times of the
day and year. Transferring the heat from the solar thermal system even just from one side of
the plant to the other is very expensive since all of the piping requires extensive insulation to
minimize the thermal losses. Without any grant or incentive funds, the return on investment
would take more than 2,300 years for the system to break even with the observed results and
more than 125 years for the system to break even with the extrapolated results (see Chapter 4
Conclusion for more details).

Additionally, the solar thermal system requires a substantial amount of space to make a
meaningful impact, and the space must be located on site. Due to heat transfer constraints, it
is not technically or financially feasible to put the system off site, and many facilities do not
have the space required on site for a large solar thermal system. Given these restrictions, it is
Skyven’s opinion that alternative technologies, such as steam-generating heat pumps, would
be a more effective decarbonization solution with wider appeal. These systems are not subject
to weather-related constraints and require less space, which makes them a more compelling
choice for broader adoption.


https://skyven.co/

CHAPTER 1:
Introduction

The purpose of the project was to install a solar thermal system at California Dairies, Inc.
(CDI) Turlock that would reduce the natural gas usage at the plant and therefore reduce
emissions at the plant. In the project application phase, it was predicted that the solar thermal
system would be capable of producing 11,970 million British thermal unit (MMBtu)/year and of
reducing emissions by 766 Metric Tons (MT) carbon dioxide equivalent (CO2e)/year. The
successful installation of the solar thermal system at the Turlock, California plant is important
and timely in the context of California's clean energy and climate goals for several key
reasons.

Priority Population: According to CalEnviroScreen 3.0, CDI Turlock’s plant is located in an
area with a pollution score of 91 to 100 percent. The pollution burden percentile, which
represents the exposures to pollutants and the adverse environmental conditions caused by
pollution, in the CDI Turlock community is the highest possible (90 to 100). The population
Characteristics Percentile, representing biological traits, health status, or community
characteristics that can result in increased vulnerability to pollution, is in the 60 to 70 range,
which is also very high (OEHHA, 2018).

Environmental and Health Benefits: Given the high pollution score and pollution burden
percentile, reducing threats to human health and environmental contaminants in the local
community is crucial for improving the well-being of residents. The project's focus on reducing
on-site criteria air pollutants and toxic air contaminants by transitioning away from fossil fuel
consumption aligned with California's commitment to clean energy. Furthermore, by reducing
exposure to air pollutants, the project directly contributes to public health.

Economic Development: The project aligns with California's economic goals by collaborating
with local economies and supporting small businesses. Throughout various stages of the
project, Skyven Technologies (Skyven) collaborated with several different California-based
businesses such as Solar Thermal Construction Inc. and JPR Systems.

Reducing Air Pollutants: By promoting renewable resources and efficiency improvements,
the project contributed to reducing greenhouse gas emissions, which is crucial for the state's
ambitious climate goals.

Renewable Energy: The project not only reduces emissions but also provides renewable
energy sources to the plant, which are integral to California's clean energy objectives.

In summary, the CDI Turlock solar thermal system project addressed the critical
environmental, health, economic, and clean energy needs of the community. It aligns with
California's clean energy and climate goals by reducing emissions, providing renewable energy,
and promoting economic development in high-priority population areas.



CHAPTER 2:
Project Approach

Skyven Technologies’ aim for this project was to design and install a solar thermal system to
offset the use of natural gas in industrial food manufacturing processes such as that at the
CDI Turlock plant. The original project design for the solar thermal system featured Skyven’s
Intelligent Mirror Array (IMA) collectors, a proprietary solar thermal collector panel that Skyven
developed. Water would be run to the solar collectors to pick up heat, and the hot water from
the solar collector array would then be used by the clean-in-place (CIP) water via a water-to-
water heat exchanger. Throughout the project, several changes were made to the original
design: GREENoneTEC collectors (distributed and installed by the company SOLID California)
were substituted for the IMA collectors, and the heat sink was changed from the CIP water to
the dryer air, as detailed in the following paragraphs.

The project approach is outlined in the following paragraphs in several key steps, each
featuring details about the involvement of project partners and any modifications made to the
original design throughout that step.

Collaborative Data Collection: Skyven worked with CDI's engineering and operations
teams to collect operational and utility usage data to determine the best point of use for the
solar-generated heat in the factory. As more data was collected and the design progressed,
the CIP water, which is used to clean process equipment, was determined to be not viable as
a heat sink for several reasons. First, the CIP water demand was determined to be not
continuous and therefore not an ideal heat sink. Second, evaluation of the site showed that
the location for the heat exchanger to transfer heat from the solar thermal system to the CIP
water would have been directly in the way of the facility's trucking and loading station. Third,
concerns about fouling in the heat exchanger and maintenance blowdown could not be
mitigated. It was ultimately decided that the dryer air, which is used for generating milk
powder, would be an optimal heat sink and that the solar collector array would create a hot
water loop that preheated dryer air via a heat exchanger. The amount of heat required for
pre-heating the dryer air was analyzed and compared to the total heat production capability of
the proposed solar thermal array, and it was determined that the dryer air was a sufficient
heat sink for the solar thermal system. More details on this analysis can be found below in this
section.

Equipment Design and Procurement: Skyven’s initial plan for the solar thermal array was
to use the IMA mirror collectors, a proprietary technology for which Skyven has developed all
of the controls’ design, programming, and specifications. However, in the wake of the COVID-
19 pandemic and the supply chain issues that ensued, Skyven was forced to shift from the
IMA collectors to another supplier as Skyven'’s supply chain had not yet built the volume of
collectors required for this project and was therefore facing pricing increases and decreased
availability of commodity materials. These factors would have made the production of the IMA
collectors not financially or technically viable within the timeframe of the project. Skyven then
began scoping other potential vendors for solar thermal technology, including TVP Solar and



SOLID California. After an assessment of mechanical, thermal, and logistical performance,
Skyven and CDI selected to proceed with SOLID as the panel distributor. This was determined
by evaluating a performance model, collector data sheets, and the Solar Rating and
Certification Corporation rating from the panels SOLID proposed in addition to real-time data
from two systems that were similarly sized to CDI Turlock. The British thermal unit (Btu)
production per collector over the year was analyzed and compared to the data sheet and the
performance models that the vendors provided for the CDI Turlock project. SOLID provided
reliable data and, given that the project team had used TVP Solar already as a panel supplier
for a solar thermal system installed at CDI's plant in Visalia, California, Skyven selected SOLID
to be the panel vendor for the project to create more diversity in the portfolio. The collector
data sheet provided by SOLID can be found in Appendix B.

Skyven collaborated with Solar Thermal Construction and did the project management, design,
permitting, and drawings for the solar thermal system. Skyven also worked with JPR Systems
for the collection of site data.

Site Preparation: Skyven and its subcontractor Solar Thermal Construction worked with site
architect E.A. Bonelli to obtain and review structural and building drawings for the Turlock site.
It was determined that the solar panels would be installed on the ground outside a warehouse.
To support the panels, support frames tie into piles that were driven into the ground. The
panels were connected hydraulically to a heat exchanger that completes the solar field loop of
the system. The other ports of the heat exchanger were tied into the storage tanks. These
storage tanks required the installation of a foundation to support the load. The storage tanks
then tie into the customer use point (the dryer air). To do this tie-in at the Turlock site, a
tunnel underneath the existing railroad at the site was needed. Skyven worked with Solar
Thermal Construction to get railroad permits approved for the tunnel. Additionally, piping had
to be run along an existing building, which required the installation of necessary pipe supports.
Finally, to facilitate the flow of fluids through the various loops, an equipment trailer was
fabricated that contains the various pumping systems. A new concrete pad was designed that
could support the trailer equipment load.

Via implementation of the previously described methodology and approach, the final system
design and metering plan were developed. The subsequent paragraphs provide a
comprehensive overview of this design and plan.

Final System Design

In the system that was installed at CDI Turlock, the solar collector array created a closed loop
where a water/glycol mixture was sent to the solar system and then to a heat exchanger

where it dumped the heat into the storage tank water. The storage tank water was then used
to heat condensate of whey (COW) water that was then sent to a water-to-air heat exchanger
that preheats dryer air to a setpoint of 138 degrees Fahrenheit (°F) (59 degrees Celsius [°C]).

The collector array consists of 300 solar collectors. All collectors were manufactured by
GREENoneTEC c (distributed by SOLID), model GK 3133, with an absorber area of 12.37
square meters (133 square feet) per collector for a total absorption area of 3,711 square
meters (39,945 square feet). The storage tanks contained 45,610 gallons of water and were
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used to store thermal energy during periods of reduced irradiance (that is, nighttime, cloudy
days) so that the system could provide heat to the dryer air as continuously as possible. Figure
1 illustrates a simplified diagram of the system.

Figure 1: Simplified System Diagram

Solar Thermal Arra Solar Thermal COW Water Heat Dryer Air Heat
y Storage Tank Exchanger Exchanger

Source: Skyven Technologies, 2023

If there is a scenario in which the heat generated by the solar field exceeds the heating needs
of the air stream and storage capacity, there is a heat-dump dry cooler that can reject heat to
the atmosphere. However, it was expected that the presence of excess heat, and therefore the
operation of the dry cooler, would be extremely rare. This was determined by creating an
annual performance model of the magnitude of heat that the dryer air can accept and
comparing it to the heat generated by the solar array. The annual heat generated by the solar
thermal system was modeled using the solar radiation observed at the site for each hour of
the year. Using this relationship, a value for the heat generated by the solar system for each
hour of the year was calculated. To calculate the magnitude of heat that the dryer air could
accept, metering equipment was used to characterize the dryer air preheating heat exchanger
performance. The modeled temperature of the air heated by the solar thermal system was
subtracted from the dryer air setpoint of 138°F (59°C) and multiplied by the ambient air flow
rate of 90,000 cubic feet per minute to calculate the heat needed to preheat the dryer air to
the process setpoint. Figure 2 shows the heat sink demand (in blue) compared to the solar
thermal array generation (in orange) over a year.
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Figure 2: Heat Source and Heat Sink Capacity
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The metering equipment listed in Table 1 was used to quantify the thermal energy delivered
by the solar thermal array. The temperatures and flow rates observed were within the range
of the selected instrumentation.

Table 1: Metering Equipment and Expected Ranges of Temperature and Flow

(60 to 132 GPM)

660 GPM

. Manufac Expected
Equipment turer Model Accuracy Range Range

Programable Multical
Logic Controller | Kamstrup N/A N/A N/A

603
(PLC)
Temperature PT1000 ) o o —58°F (-50°C) to | 50°F (10°C) to
Sensor TGH 1 y3piy | +/-018°F(0.1°C) | 3560 (1800C) | 190°F (88°C)

+/- 2.0% of reading 60 gallons per

) (136 to 660 GPM) . 0 GPM to 500

Flow Meter Keyence | FD-R125 +/- 0.4% of reading minute (GPM) to GPM

Source: Skyven Technologies, 2023

Equipment specification sheets for this equipment can be found in Appendix C.
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Piping and Instrumentation Diagrams

Figure 3 shows a condensed piping and instrumentation diagram (P&ID) diagram of the North
Module for illustration purposes. More detailed P&ID diagrams can be found in Appendix D.

Figure 3: Solar Thermal Tie-In with COW Water and Boiler
Feedwater (North Module)
Dryer Water-

to-Air Heat
Exchanger

Dryer Air

Dryer Air :

Solar Thermal Array
Water-to-Water Heat
Exchanger
Solar (
Thermal Tank
Water-to- D DD
Water Heat

Exchanger Solar Thermal Array
COW Water Solar Hot
Water Storage

Tanks
Source: Skyven Technologies, 2023

The metering points relevant to calculating the thermal energy provided by the system are
listed in Table 2. Note that the detailed P&IDs in Appendix D contain additional metering
points that were monitored to ensure proper functional control of the system but were not
used in measuring the useful thermal energy provided by the system.

Table 2: Metering Datasets

PLC Signal Description
Label Type Description
Temp-1 Temperature Load Supply Temperature
Temp-2 Temperature Load Return Temperature
Flow Flow Load Flow Rate

Source: Skyven Technologies, 2023

The data points contained in Table 2 were sent to the programmable logic controller (PLC) to
calculate the thermal energy delivered to the dryer air. Since the sensors were installed on the

9



customer side, rather than the solar collector side of the heat exchangers, this configuration
measured all useful energy delivered by the solar collector field. Skyven Technologies tracked

the collector-side data points to ensure proper operation of the system, but that data is not
relevant for calculating the thermal energy delivered.
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CHAPTER 3:
Results

Skyven has been actively monitoring the solar thermal system using the metering plan
described in the project approach since December 1, 2022. The following is an analysis of a
year’s worth of data collected from December 1, 2022 to November 30, 2023.

The PLC calculated the instantaneous heat delivered by the solar thermal system using the
values from the metering dataset in Table 2 in the following equation:
) min
q = Pwater * 60 hr

¥V * Cp * (THot Water fromTank ~— TCold Water Return to Tank)

Where: ¢ = Instantaneous heat delivered (Btu/hr)

Pwater = Density of water = 8.34 Ib/gallon (constant)

v = Volumetric Flowrate of Water from Solar Tank to Heat Exchanger / Meter Label:
Flow

¢, = Specific heat of water = 1.0 Btu/Ib-°F (constant)

T Hot water fromTank = 1€mperature of hot water leaving the tank (water temperature
going to the heat exchanger) / Meter Label: Temp-2

Tcold water return to Tank = 1€mperature of cold water returning to the tank (water
temperature entering solar heat exchanger) / Meter Label: Temp-1

Table 3 shows the observed cumulative total heat delivered from the solar thermal system for
each month over the past year.

Actual (Observed) Data

Table 3: Post-Installation Btus Delivered by Solar Thermal
System by Month (Observed)

Month - Year Btus Delivered
December 2022 254,712,279
January 2023 403,339,746
February 2023 487,385,956
March 2023 524,175,699
April 2023 433,167,145
May 2023 414,021,308
June 2023 308,156,620
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Month - Year Btus Delivered
July 2023 497,860,125
August 2023 461,675,262
September 2023 724,120,942
October 2023 619,795,954
November 2023 743,761,330

Total Annual Btus Delivered 5,872,172,366

Source: Skyven Technologies, 2023

The total annual heat delivered by the solar thermal system was 5,872,172,366 Btu
(5,872 MMBtu).

The following equation was used to convert from Btus delivered by the system to therms of
natural gas (NG) saved:

1 therm 1

Th NG Saved = Btus Deli d
erms ave us Pettvered = 100,000 btus * Boiler Ef ficiency

Where: Boiler efficiency = 0.823

The boiler efficiency was calculated using the average boiler stack temperature (Tstack)
observed at the site (300°F [149°C]), the dry oxygen in flue gas (O2,ory, %) percentage (8
percent), and the following equations from American Society of Mechanical Engineers
Performance Test Codes 4 (Boiler Efficiency Stack Loss Method):

1. Calculation of Mass of Dry Gas per Standard Cubic Feet of Fuel:

02,9
DG = 14.7365| ——————— | + 15.371
(21% - 02,%>
0,
DG = 14.7365 (—) 15.371
21% — 8% +
DG = 24.44

2. Calculation of Dry Losses in Stack:
Lpc[%)] = 0.001044 x DG x (Tsrqer — 70)

Lpe[%] = 0.001044 x 24.44 x (300 — 70)
Lpc[%] = 5.868 %
3. Calculation of Wet Losses in Stack:
Lwel%] = 9.482 + 0.004351 x Tsrgck

Lwe[%] = 9.482 + 0.004351 x 300
Lwe %] = 10.787 %
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4. Boiler Efficiency:
BE =100% — LDG - LWG - 1%0therLosses

BE = 100% — 5.868% — 10.787% — 1%
BE =82.3%

Table 4 shows the observed combined therms of natural gas savings from the solar thermal
system for each month over the past year.

Table 4: Post-Installation Therms of NG Saved by Solar Thermal
System by Month (Observed)

Month - Year Therms of NG Saved
December 2022 3,095
January 2023 4,901
February 2023 5,922
March 2023 6,369
April 2023 5,263
May 2023 5,031
June 2023 3,744
July 2023 6,049
August 2023 5,610
September 2023 8,799
October 2023 7,531
November 2023 9,037

Total Annual Therms Saved 71,351

Source: Skyven Technologies, 2023

The total annual therms of natural gas saved by the solar thermal system was
71,351 therms.

The following shows the calculations and analysis used to determine the natural gas cost
savings, carbon dioxide (CO2) emissions reductions, and nitrogen oxides (NOx) emissions
reductions from the solar thermal system.

Natural Gas Savings:

Average annual NG cost savings was calculated using the following equation:
Annual NG Fuel Cost Savings = Annual NG Fuel Savings x CARB Price of NG
Where: CARB Price of NG = $0.65/therm
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71,351 therms o $0.65
year therm

Annual NG Fuel Savings Cost =

*CARB = California Air Resources Board
Annual NG Fuel Savings Cost = $46,378.15

CO2 Emissions Reductions:

Average annual CO2 emissions reductions were calculated using the following equation:
CO2 Emissions Saving = Annual NG Saving x CARB Factor (NG) x Unit Conversion
Where: CARB Factor (NG) = 117.1 Ibs CO2e/MMBtu

71,351 therms 117.1 lbs CO,e 1 MT CO,e 1 MMBtu

2 Emissions R ions = X X X
o ssions Reductions year MMBtu 2,204.62 lbs CO,e 10 therms

Annual CO2 Emissions Reductions = 379 MT CO2e

NOx Emissions Reductions:

Average annual NOx Emissions reductions were calculated using the following equation:
Annual NOx Emissions Savings = Annual NG Savings x CARB Factor (NOx)

Where: CARB Factor (NOx) = 0.0049 |Ibs NOx/therm

71,351 therms 9 0.0049 lbs NOy

NOx Emisisons Reductions =
year therm

Annual NOx Emissions Reductions = 350 Ibs NOx

Actual (Extrapolated) Data

There were issues at the site that were being masked by a calculation error in Skyven'’s
reporting spreadsheet, so it was believed the system was operating as expected. As part of
Skyven'’s standard operating procedure, in late summer of 2023, an audit was conducted that
resulted in the discovery of the reporting spreadsheet error and the realization that the system
had issues and was underperforming.

Various issues at the site caused the solar thermal system to underperform including a heat
exchanger that was installed backwards and the solar thermal storage system controls that
were limiting the amount of heat that storage could absorb during the day. These issues were
resolved, and the solar thermal system began operating without issues on October 20, 2023.

Therefore, to determine the annual natural gas and greenhouse gas (GHG) emissions savings
the solar thermal system was capable of when operating without issues, the radiation data and
the solar thermal Btus produced by the system from October 20, 2023 to January 8, 2024,
(during which the system was operating without issues) were compiled. Since the solar
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thermal Btus produced by the system were essentially a direct correlation to the amount of
radiation, a linear relationship between the radiation and solar thermal Btus produced was
established. This equation was then used in conjunction with the radiation data to determine
the solar thermal Btus that would have been produced over the year had the solar thermal
system been operating without issues for the entire year.

Table 5 shows the extrapolated cumulative total heat delivered from the solar thermal system
for each month over the past year.

Table 5: Post-Installation Btus Delivered by Solar Thermal System by Month
(Extrapolated)

Month - Year Btus Delivered
December 2022 527,471,427
January 2023 693,474,120
February 2023 631,555,367
March 2023 753,610,528
April 2023 1,067,625,999
May 2023 1,039,655,813
June 2023 1,076,884,137
July 2023 1,123,029,939
August 2023 1,044,172,604
September 2023 952,737,304
October 2023 890,811,826
November 2023 707,253,688
Total Annual Btus Delivered 10,508,282,752

Source: Skyven Technologies, 2023

The extrapolated total annual heat delivered by the solar thermal system was
10,508,282,752 Btus (10,508 MMBtu).

The following equation was used to convert from Btus delivered by the system to therms of
NG saved:

1 therm 1

Th NG Saved = Btus Deli d
erms ave us Dettvered = 100,000 btus i Boiler Ef ficiency

Where: Boiler efficiency = 0.823

Table 6 below shows the extrapolated combined therms of natural gas savings from the solar
thermal system for each month over the past year.
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Table 6: Post-Installation Therms of NG Saved by Solar Thermal
System by Month (Extrapolated)

Month - Year Therms of NG Saved
December 2022 6,409
January 2023 8,426
February 2023 7,674
March 2023 9,157
April 2023 12,972
May 2023 12,633
June 2023 13,085
July 2023 13,646
August 2023 12,687
September 2023 11,576
October 2023 10,824
November 2023 8,594

Total Annual Therms Saved 127,683

Source: Skyven Technologies, 2023

The extrapolated total annual therms of natural gas saved by the solar thermal
system was 127,683 therms.

The following shows the calculations and analysis used to determine the natural gas cost
savings, CO2 emissions reductions, and NOx emissions reductions from the solar thermal
system.

Natural Gas Savings:

Average annual NG cost savings was calculated using the following equation:
Annual NG Fuel Cost Savings = Annual NG Fuel Savings x CARB Price of NG
Where: CARB Price of NG = $0.65/therm

127,683 therms $0.65

Annual NG Fuel Savings Cost = X
year therm

Annual NG Fuel Savings Cost = $82,993.95

CO2 Emissions Reductions:
Average annual CO2 emissions reductions were calculated using the following equation:

CO2 Emissions Saving = Annual NG Saving x CARB Factor (NG) x Unit Conversion

16



Where: CARB Factor (NG) = 117.1 Ibs CO2e/MMBtu

127,683 therms 117.11bs CO,e 1 MT COye 1 MMBtu

CO2 Emissions Reductions = X X X
year MMBtu 2,204.62 lbs CO,e 10 therms

Annual CO2 Emissions Reductions = 678 MT CO2e

NOx Emissions Reductions:

Average annual NOx emissions reductions were calculated using the following equation:
Annual NOx Emissions Savings = Annual NG Savings x CARB Factor (NOx)

Where: CARB Factor (NOx) = 0.0049 |Ibs NOx/therm

127,683 therms 9 0.0049 lbs NOy
year therm

NOx Emissions Reductions =

Annual NOx Emissions Reductions = 626 |bs NOx

Table 7 summarizes the annual post-installation savings values observed at CDI Turlock.

Table 7: Annual Post-Installation Savings Values (Observed)

Annual Natural Gas Savings at Plant 71,351 therms/year
Annual Natural Gas Cost Savings at Plant $46,378.15 dollars/year
Annual CO2 Emissions Reductions 379 MT CO2e/year
Annual Nox Emissions Reductions 350 Ibs NOx/year

Ibs NOx/year=pounds of nitrogen oxides per year; MT CO2e/year=metric tons of carbon dioxide equivalent per
year
Source: Skyven Technologies, 2023

Table 8 summarizes the annual post-installation savings values extrapolated at CDI Turlock.

Table 8: Annual Post-Installation Savings Values (Extrapolated)

Annual Natural Gas Savings at Plant 127,683 therms/year
Annual Natural Gas Cost Savings at Plant $82,993.95 dollars/year
Annual CO2 Emissions Reductions 678 MT CO2e/year
Annual Nox Emissions Reductions 626 Ibs NOx/year

Source: Skyven Technologies, 2023

In the project application and the measurement and verification (M&V) plan, it was predicted
that the solar thermal system would be capable of providing 11,970 MMBtus of heat per year
with an assumed boiler efficiency of 83.0 percent. The following equation estimated the solar
thermal project would reduce the emissions from the plant by a total of 766 MT of CO2e per
year.
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Predicted GHG Emissions Offset by Solar Thermal System

Table 9 shows the comparison between the actual and predicted annual heat delivered by the
solar thermal system, and Table 10 shows the comparison between the actual and predicted

annual CO2 emissions reductions.

Table 9: Actual (Observed) vs. Actual (Extrapolated) vs. Predicted Annual Heat
Delivered by the Solar Thermal System

Actual Actual Predicted
(Observed) | (Extrapolated) | (M&V Plan)
Annual Heat Delivered by Solar
Thermal System (MMBtu/year) >/872 10,508 11,970

Source: Skyven Technologies, 2023

Table 10: Actual (Observed) vs. Actual (Extrapolated) vs.

Predicted Annual CO2 Emissions Reduction

Actual Actual Predicted
(Observed) | (Extrapolated) | (M&V Plan)
Annual CO2 Emissions Reductions
(MT CO2e/year) 379 678 766

Source: Skyven Technologies, 2023

The delta in the extrapolated and predicted values was due to the fact that the dryer had
issues unrelated to the solar thermal system, which caused CDI to decrease the operating
hours of the dryer thereby decreasing the overall amount of heat that could be provided to the
dryers.

Barriers/Challenges

Several challenges emerged during the project's design phase. Initially, the absence of crucial
site engineering information led to an unexpected delay in the design process. Drawings such
as P&IDs and site layout drawings that typically would have been available to review were not.
To overcome this barrier, two actions were taken. First, sound engineering assumptions were
made based on the available data, ensuring progress toward the final design. Additionally,
extra site visits were conducted to gather field information that was not obtainable through
the engineering drawings. Through these actions, Skyven and its subvendors were able to
overcome the lack of engineering drawings.

Another significant challenge was the time difference between Skyven and the panel
distributor, SOLID, based in Austria. There were concerns about delays and backlogs in
communication and the flow of information given the large time difference. Recognizing the
potential communication difficulties, weekly meetings with SOLID were scheduled at suitable
times to accommodate both parties. This approach not only facilitated smoother
communication but also ensured timely review and commentary on shared information.
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The cumbersome process of obtaining permits for digging beneath the railway posed another
barrier that required attention and detail. To surmount this challenge, the Solar Thermal
Construction subcontractor actively pushed forward the permit application, contributing to the
overall success of the project.

Figure 4 shows the solar thermal system installed on the ground at CDI Turlock plant.

Figure 4: View of Solar Thermal System on the Ground at CDI Turlock

Source: Skyven Technologies, 2023

Return on Investment

The system would require roughly $44,300 in annual maintenance costs for tasks such as
visual inspection and spot checking of the solar field, solar panels, and metering equipment
every quarter and cleaning and spot checking of the filters, dry cooler, and metering
equipment quarterly. The system budget was $4.9 million. The system requires $44,300 in
annual maintenance costs and was observed to save an average of $46,378 in fuel annually
but should now save an average of $82,994 in fuel annually. Without any grant or incentive
funds, the return on investment would take more than 2,300 years for the system to break
even with the observed results and more than 125 years for the system to break even with the
extrapolated results.
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CHAPTER 4:
Conclusion

In conclusion, CDI, the largest milk and dairy cooperative in California, set an ambitious goal
to achieve carbon neutrality by 2050. To make progress toward this goal, CDI partnered with
Skyven to implement a solar thermal system at CDI's dairy plant in Turlock, California. This
system, comprised of 300 solar collectors installed on the grounds of the plant, contributes
renewable energy heat to the plant, reduces natural gas consumption, and curtails emissions.

Supported by funding from the CEC, this project aligns with crucial aspects of California's clean
energy and climate objectives including public health, environmental preservation, and
economic development. By reducing emissions from the CDI Turlock plant, which is in an area
marked by high pollution levels, this project addresses the goal of public and environmental
health. Furthermore, the collaboration with several California-based companies, including Solar
Thermal Construction and JPR Systems furthers the economic development goals of the CEC.

Over one year, from December 1, 2022, through November 30, 2023, Skyven collected
extensive measurement and verification data since the commissioning of the project in
December 2022 and analyzed that data to determine the annual performance metrics of the
solar thermal system at CDI Turlock. The observed data revealed that the system provided an
annual heat output of 5,872 MMBtu/year. Using the actual site boiler efficiency of 82.3
percent, the solar thermal system provided an annual natural gas savings of 71,351 therms/
year and an annual reduction of 379 MT CO2e/year. The data was extrapolated to reveal that,
without any technical or mechanical problems, the system could provide an annual heat output
of 10,508 MMBtu/year. Using the actual site boiler efficiency of 82.3 percent, the solar thermal
system provided an annual natural gas savings of 127,683 therms/year and an annual
reduction of 678 MT CO2e/year. Without any grants or incentives, the return on investment
would take more than 2,300 years for the system to break even with the observed results and
more than 125 years for the system to break even with the extrapolated results

In the project application phase, it was predicted that the solar thermal system would be
capable of producing 11,970 MMBtu/year and of reducing emissions by 766 MT CO2e/year.
Comparatively, the observed actual system was producing roughly half the predicted amount,
but the extrapolated data showed the system would be within 11 percent of the predicted
values. The difference is due to problems with the dryer unrelated to the solar thermal system
that caused CDI to decrease the operating hours of the dryer, thereby decreasing the heat
that could be provided to the dryers.

The key takeaway from the project is the limitation of solar thermal systems for industrial
decarbonization. The system's effectiveness is inhibited by challenges related to heat transfer
over long distances and the intermittent availability of solar thermal energy, which is only
optimal at certain times of the day and year. Even the internal transfer of heat within the plant
is cost-prohibitive given the extensive insulation required to minimize thermal losses.
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Furthermore, the system demands a significant amount of on-site space, making it impractical
for many facilities. Due to the constraints associated with heat transfer, off-site deployment is
technically and financially unfeasible. Given these factors, Skyven recommends considering
alternative technologies, such as steam-generating heat pumps, which offer a more effective
decarbonization solution with broader applicability. These systems can be located off site and
are not hindered by weather-related limitations making them a more compelling choice for
widespread adoption of decarbonization solutions.
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GLOSSARY AND LIST OF ACRONYMS

Term Definition

Bty British thermal units — the amount of heat needed to raise one pound
of water at maximum density through one degree Fahrenheit

Btu/Ib British thermal units per pound

Btu/hr British thermal units per hour

°C degrees Celsius

CARB California Air Resources Board
California Dairies, Inc. — the largest milk and dairy cooperative in

CDI California. This report is in regard to a project at the California Dairies
Turlock plant

CEC California Energy Commission — California’s primary energy policy and
planning agency
clean-in-place — an automated method of cleaning the interior surfaces

CIP of pipes, vessels, equipment, filters, and associated fittings, without
major disassembly

co2 carbon dioxide — a colorless, odorless gas produced by burning carbon
and organic compounds and by respiration
carbon dioxide equivalent — the number of metric tons of CO2

CO2e emissions with the same global warming potential as one metric ton of
another greenhouse gas
condensate of whey water — The condensate that is recovered from

cow the drying process of whey production at the California Dairies Turlock
plant; this is used as boiler feedwater

°F degrees Fahrenheit
greenhouse gas — a gas the contributes to the greenhouse effect by

GHG N e
absorbing infrared radiation

GPM gallons per minute — unit of flow rate measurement

IMA intelligent mirror array

Ib pound

Ib CO2e/MMBtu

pounds of carbon dioxide equivalent per million British thermal unit

Ib NOx/year pounds of nitrogen oxides per year
Ib NOx/therm pounds of nitrogen oxides per therm
Ib/gallon pound per gallon

MMBtu million British thermal unit
MMBtu/year million British thermal unit per year
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Term Definition

MT metric tons

MT CO2e/year metric tons of carbon dioxide equivalent per year

M&V movement and verification

NG natural gas

NOx nitrogen oxides

P&ID piping and instrumentation diagram — a detailed schematic or drawing
that shows the interconnection of process equipment, piping, and
instrumentation devices in an industrial facility
programmable logic controllers — industrial computers with various
inputs and outputs (such as those listed in Table 2,) which are used to

PLC N . .
control and monitor industrial equipment based on custom
programming

Skyven Skyven Technologies
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Project Deliverables

The following is a list of all of the products produced under this agreement:

Project Design Memo

Site Preparation and Equipment Procurement Memo
Equipment Installation Memo

Measurement and Verification Plan

Pre-Installation Measurement and Verification Findings Report
Post-Installation Measurement and Verification Findings Report
Critical Project Review Report

Quarterly Progress Reports

The above project deliverables, including the interim Critical Project Review and Quarterly
Progress Reports, are available upon request by submitting an email to pubs@energy.ca.gov.
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APPENDIX A:
Press Releases

The first press release was published in Yahoo Finance on September 28th, 2023 (Figure A-1).

Figure A-1: Yahoo Finance Press Release

"’ skyventechnologies

Skyven Technologies, Inc. Celebrates Successful Integration of

Decarbonization Solutions with California Dairies, Inc.
Skyven and California Dairies, Inc have successfully eliminated
over 3,500 metric tons of CO2 emissions over the past year

VISALIA, California (September 28, 2023) -- Skyven Technologies, an Energy-as-a-Service
company with a mission to decarbonize industrial process heat, and California Dairies, Inc.
(CDI), the largest member-owned milk marketing and processing cooperative in California, have
successfully implemented three state-of-the-art decarbonization technologies designed to
increase energy efficiency and reduce emissions without affecting facility operations.

As one of the largest dairy co-ops in the nation, CDI has pledged to reach carbon neutrality by
2050, and Skyven's decarbonization solutions are helping them meet that goal.

Skyven and CDI have worked together to design, install, and replicate a first-of-its-kind
integration of three decarbonization technologies at each of CDI's two largest facilities. The six
total projects include two of the largest solar thermal systems for industrial process heat in the
world. These renewable heat systems are each integrated with a smart steam trap solution that
uses state of the art internet-connected sensors to reduce steam loss at each facility. The
integration also includes a boiler heat recovery system to boost the efficiency of the boilers by
nearly 10%. This innovative integration allows CDI to achieve deeper decarbonization at their
processing facilities, helping them to meet their carbon neutrality goals and to contribute to the
sustainable future of California’s dairy industry.

In total, Skyven’s innovative solutions have saved over 3,500 metric tons of CO- and over
65,000 MMBtu of natural gas at the two CDI facilities, the equivalent of removing 788 gasoline-
powered passenger vehicles from the road annually. In a full year of operation, these installed
solutions will save over 4,700 metric tons of CO2 and over 89,000 MMBtu of natural gas. Skyven
and CDI are currently working toward the implementation of additional decarbonization solutions
at more facilities.

This project also represents a first-of-its-kind financial structure that leverages grant funding
from the California Energy Commission’'s Food Production Investment Program (FPIP), utility
incentive funding from Pacific Gas & Electric and Southern California Gas Company, third party
project finance, and investment from Skyven's balance sheet to allow the integrated
decarbonization technologies to pay for themselves from the resulted energy savings, meaning
no capital outlay was required from CDI.

“We are thrilled to combine the manufacturing expertise of California Dairies, Inc with the
industrial decarbonization expertise of Skyven,” said Arun Gupta, CEO of Skyven Technologies.
“We look forward to the continued partnership, and to supporting CDI in meeting their carbon
neutrality goals.”
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“Skyven has played a key role in our mission to create more sustainable dairy products for a
healthy world,” said Darrin Monteiro, Vice President of Sustainability and Member Relations at
California Dairies, Inc. “Skyven’s ability to design and implement these successful solutions with
no cost and no interruption to our process was a vital component to success.”

To learn more about Skyven Technologies, visit https://skyven.co/.

About Skyven Technologies

Skyven Technologies is an energy-as-a-service company with a mission to decarbonize
industrial process heat. Skyven works with manufacturers in hard-to-decarbonize industries to
reduce their onsite CO2 emissions by delivering clean, emissions-free process heat at prices
lower than natural gas. Skyven installs their latest decarbonization technology, including the
Arcturus line of steam generating heat pumps, with no capital cost to the manufacturer. For
more information, visit_https://skyven.co/.

About California Dairies, Inc

California Dairies, Inc. is the largest member-owned milk marketing and processing cooperative
in California, producing approximately 40 percent of California’s milk. Co-owned by 300 dairy
producers who ship 17 billion pounds of Real California Milk annually, California Dairies, Inc. is
a manufacturer of quality butter, fluid milk products, and milk powders. In addition, California
Dairies, Inc. is the home of two leading and well-respected brands of butter — Challenge and
Danish Creamery — and a leading global brand of milk powders - DairyAmerica. California
Dairies, Inc.’s quality dairy products are available in all 50 United States and in more than 60
foreign countries.

HHt

Contacts:

Skyven: Chris Barnhill — chris.barnhill@skyven.co — 864-498-9288

Source: Yahoo Finance, 2023



The second press release was published in AP News on October 12th, 2023 (Figure A-2). The
release can be found at the following website address: https://apnews.com/press-release/pr-
newswire/government-programs-8796380ae6927d21f92286ab3c85b764

Figure A-2: AP News Press Release

0.0 skyventechnologies

Skyven Technologies, Inc. Celebrates Successful Integration of

Decarbonization Solutions with California Dairies, Inc.
Skyven and California Dairies, Inc have successfully eliminated
over 3,500 metric tons of CO2 emissions over the past year

VISALIA, California (September 28, 2023) -- Skyven Technologies, an Energy-as-a-Service
company with a mission to decarbonize industrial process heat, and California Dairies, Inc.
(CDI), the largest member-owned milk marketing and processing cooperative in California, have
successfully implemented three state-of-the-art decarbonization technologies designed to
increase energy efficiency and reduce emissions without affecting facility operations.

As one of the largest dairy co-ops in the nation, CDI has pledged to reach carbon neutrality by
2050, and Skyven’s decarbonization solutions are helping them meet that goal.

Skyven and CDI have worked together to design, install, and replicate a first-of-its-kind
integration of three decarbonization technologies at each of CDI’s two largest facilities. The six
total projects include two of the largest solar thermal systems for industrial process heat in the
world. These renewable heat systems are each integrated with a smart steam trap solution that
uses state of the art internet-connected sensors to reduce steam loss at each facility. The
integration also includes a boiler heat recovery system to boost the efficiency of the boilers by
nearly 10%. This innovative integration allows CDI to achieve deeper decarbonization at their
processing facilities, helping them to meet their carbon neutrality goals and to contribute to the
sustainable future of California’s dairy industry.

In total, Skyven’s innovative solutions have saved over 3,500 metric tons of CO» and over
65,000 MMBtu of natural gas at the two CDI facilities, the equivalent of removing 788 gasoline-
powered passenger vehicles from the road annually. In a full year of operation, these installed
solutions will save over 4,700 metric tons of CO- and over 89,000 MMBtu of natural gas. Skyven
and CDI are currently working toward the implementation of additional decarbonization solutions
at more facilities.

This project also represents a first-of-its-kind financial structure that leverages grant funding
from the California Energy Commission’s Food Production Investment Program (FPIP), utility
incentive funding from Pacific Gas & Electric and Southern California Gas Company, third party
project finance, and investment from Skyven's balance sheet to allow the integrated
decarbonization technologies to pay for themselves from the resulted energy savings, meaning
no capital outlay was required from CDI.

“We are thrilled to combine the manufacturing expertise of California Dairies, Inc with the
industrial decarbonization expertise of Skyven,” said Arun Gupta, CEO of Skyven Technologies.
“We look forward to the continued partnership, and to supporting CDI in meeting their carbon
neutrality goals.”
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“Skyven has played a key role in our mission to create more sustainable dairy products for a
healthy world,” said Darrin Monteiro, Vice President of Sustainability and Member Relations at
California Dairies, Inc. “Skyven’s ability to design and implement these successful solutions with
no cost and no interruption to our process was a vital component to success.”

To learn more about Skyven Technologies, visit https://skyven.co/.

About Skyven Technologies

Skyven Technologies is an energy-as-a-service company with a mission to decarbonize
industrial process heat. Skyven works with manufacturers in hard-to-decarbonize industries to
reduce their onsite CO2 emissions by delivering clean, emissions-free process heat at prices
lower than natural gas. Skyven installs their latest decarbonization technology, including the
Arcturus line of steam generating heat pumps, with no capital cost to the manufacturer. For
more information, visit_https://skyven.co/.

About California Dairies, Inc

California Dairies, Inc. is the largest member-owned milk marketing and processing cooperative
in California, producing approximately 40 percent of California’s milk. Co-owned by 300 dairy
producers who ship 17 billion pounds of Real California Milk annually, California Dairies, Inc. is
a manufacturer of quality butter, fluid milk products, and milk powders. In addition, California
Dairies, Inc. is the home of two leading and well-respected brands of butter — Challenge and
Danish Creamery — and a leading global brand of milk powders - DairyAmerica. California
Dairies, Inc.’s quality dairy products are available in all 50 United States and in more than 60
foreign countries.

HiH

Contacts:

Skyven: Chris Barnhill — chris.barnhill@skyven.co — 864-498-9288

Source: AP News, 2023
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APPENDIX B:
Collector Data Sheet

Figure B-1: GREENoneTEC Solar Collector Data Sheet
AALBORG 87 e GREENoneTEC “

- Changing Energy distributor SOLAR COLLECTORS

GK 3003 Series single & double glazed

Large-size collectors

GREENoneTEC manufactures large-size

collectorsinthe GK 3003 series.

A special design of the absorber and the
attractive performance data make these
collectorsideal for large solar thermal
systems working at higher temperature.
The optimized mounting system, which
permits time-saving installation by crane,
and hydraulic connection cansiderably
reduce the overall time and effort

required tainstall the system

Collector installation options

Mountin;

Foundation

\ = rammed profiles
= concrete

Technical data GK 3133/ GK 3133 S GK 3803/ GK 38035 GK 3003 product benefits
Collector type Large-size collector
Overallarea ] EAY 79 - Upto16 collectors can be connacted
Absorb ¢ 12.37 741 ; o )

“omErares [m\] inparallel / seriel with each other with
Aperturearea[m] 1235 742
Lx WxH[mm] 5020%2224x135 3557x 2224 x 135 minimum pressure loss (Low Flow /
Weight [kg] 333 202 Tichelmann)
Weight [kg] - GK/S 232 141 ) . .

eightligl- G/ - Optiral stagnation and venting behav-
Absorber capacity ] 135 6,81
Housing, Alframe iour thanks to the serpentine absorber
Surface Al-natural designed for large systems
Backplat Al-sheet . ; ‘
SceplEte . =heel . - Aluminium frame collector with ahigh
Absorber Al, highly selective vacuum coating
Absorption %] o5 degree of long-term stablility satisfies all
Emission[%] 5 static requirements as per EN1991
@ monifoid ) e - Time-saving collector installation
Grisers[mm] B _
Connactions 1" external thread thanks eptimized suppert rails as well as
Glass 3.2mmtempered solar safety glass (double glazing) simple collector connections
Transmittance of glass [%] 95 - AR glass - Excellent value for money thanks ta
Insulation 70 mmmineral wool plate
Max. stagnation temperature 218 'C under norm conditions aluminium absorber with highly selec-
Max. operating pressure 10bar tive coating as well as minimum crane
Heat transfer medium Palypropylene glycol / water mixture use and installation time to set up the
Packaging for truck and container optimized

system
- Easy to service since glass covers and

Mounting system

modules can be individually replaced
- High performance panel with double
glazing anti-reflex glass

To find out more about our large-size collector go to: www.greenonetec.com

Source: GREENoneTEC, 2015
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APPENDIX C:
Metering Equipment Data Sheets

Figure C-1: Kamstrup Multical 603 Data Sheet

kamstrup

Data sheet

-

MULTICAL® 603

The future-proof heat and
cooling meter with full flexibility

Mot mtes (£1)
R
AN _THE

C €

80001231

C-1



Mechanical construction

MULTICAL® 603

I~ W

Mechanical data

Calculator top with front keys and laser engraving

PCB with microcontroller, display, etc.

Verification cover (may only be opened at an authorised laboratory)
Either a power supply module can be mounted...

5 ..ora battery can be mounted
6 1or2communication modules
7  Connection of temperature sensors and flow

SENs0rs
8 Calculator base

Weight
Ambient temperature
Protection class

Medium temperatures ULTRAFLOW®

Medium in ULTRAFLOW®
Storage temperature
Connection cable

Supply cable

Materials

Calculator case
- Top and base
- Verification cover

Cables

Kamstrup A/S - 58101516 _H1_EN_112021

450 g
5..55 °C. Non-condensing, closed location (indoor installation)
IPES

2.130°C

At medium temperatures below ambient temperature or
above 90 °C in the flow sensor, we recommend that the
calculator is wall-mounted.

Water [district heating water as described in AGFW FW510)
-25..60 °C [drained flow sensor)
@3 5.6 mm

§5..8 mm

Thermoplastic, PC 10 % GF with TPE (thermoplastic elastomer]
ABS

Silicone cable with inner Teflon insulation



MULTICAL® 603

Approved meter data

Approvals
- Heat meter
- Temperature range
- Differential area
- Cooling meter
- Temperature range
- Differential area
- Bifunctional heat/cooling meter
- Temperature range
- Differential area

Standard

EU directives

EN 1434 designation

MID designation
- Mechanical environment
- Electromagnetic environment

Temperature sensor connection
- Type 603-A

- Type 603-B

- Type 603-C/E/F/M

-~ Type 603-D/G/H

Measurement accuracy

DK-0200-MI004-040

0 2°C._180 °C The stated minimum temperatures apply to the

AG 3 k...l?S K type approval only. The meter has no cutoff for
low temperature and thus measures as low tem-

152702012 peratures as 0.01°Cand 0.01 K

6:2°C..180°C

A@:3K..178K

Marked with DK-0200-MI004-040 and TS 27.02 012 as well as yearly mark of MID
6:2°C..180 °C
A@: 3 K178 K

EN 1434:2015

Measuring Instrument Directive, Low Voltage Directive, Electromagnetic
Compatibility Directive, Radio Equipment Directive, RoHS directive, Pressurised
Equipment Directive

Environmental class Aand C

Class M1 and M2
Class F1 and E2

Pt100 - EN B075L, 2-wire connection
Pt100 - EN BO75L, 4-wire connection
Pt500 - EN 60751, 2-wire connection
Pt500 - EN 60751, 4-wire connection

Heat meter components MPE according to EN 1434-1 Typical accuracy
MULTICAL® 603 E,==(05+ A® min/A®] % E,==(015+2/A0@] %
ULTRAFLOW® Ef==(2 + 0.02 gp/q), but not above + 5 % Ef=+(1+001qy/q)%
Temperature sensor set E,==(0.5+3 A® min/A®) % E;==(04+4/A0) %

MULTICAL® 603

6.0

and ULTRAFLOW® g, 1.5 m’/h @A 30K \\
Total typical accuracy of MULTICAL® 603, sensor pairand 0 == =
ULTRAFLOW® compared to EN 1434-1 ~L
20 = === F ===
| emmECtEGEF(EN) — —Ec+EWEf(Typ) |
E 0.0
2 ap 0 0,00
20 = —— e e e =
40 = =
A
£.0

Source: Kamstrup, 2021

q[m?fh]

Kamstrup A/S - 58101516 _H1_EN_11.2021



Figure C-2: TGH PT1000 Data Sheet

TGH!

Technik G. Himbsel GmbH

CABLE TEMPERATURE SENSOR

Sensor:
Cable:
Wiring:
Material:

Sensor size:

Protection:
Range:

PT1000 1/3 DIN (DIN EN 60751)
Silicon cable (length 1.000 mm)
2-wire

Stainless steel 1.4571

6x50 mm

IP65

-50<C...+180TC

1.000

Source: TGH, 2022
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Figure C-3: Keyence FD-R125 Data Sheet

Data Sheet KEYENCE

FD-R125

Senzor Main Unit 10041 25A Type

Specifications
Model FO-R125
Supported pipe diameter 47 (100 A) @100 o @127 3.84° o 5.00°
5° (125 A) @127 to 0152 5.00° o 5987
Supported pipe malenials Metal ! rasin™
Supported Suids Warious liquids [Le. water, ois, chemicals)
Supported fuid temperature - 2040+ 120°C - 4.0 to + 248 *F (no frsezing on the pipe surfsce)2

Masimurn rated flow

Zmro cut flow rate
Display mathad

Display update cycie
Display resolution
Response time
Measurement accuracy

e S
Zmra paint &nmar
Hysberasis

Flow units

Integrated flow unil display

Pipe lemperatune measunement acouracy

‘iirimg specifications

InpuliCulput {Salectable)

KEYEMNCE AMERICA

Output (ch. 1/ch.2)

Analog autput jeh.1ich 2)

Exiernal input {ch.2)

Raled Aow welocity range: 5.0 mi's

Flow raie range (Typical):

47100 A} 2600 Limin 680 galimin 150 m? h
5% (125 Ak 3700 Limin 980 galimin 220 mafh)

Zarg cut: 0.3 més (defaut)
Flow rale | Typicalc 220 L § min 60 gal ! mn 12 m*h

Dual row, S-digit display with white, 14-segment LED; Large stahes indicator; Out-
put indicaiors; Stshility indicator; Unit indicaior

Apprax. 3 Hz
1L ! min)
055/10s/25s/50s/100s/300=/560.0s/! 120.0 5/ 200.0 s (variable)

Between 20 and 100% of F.5. : 22.0% of ROr+2
Between & and 20% of F.5. : 40.4% ol F.5. "2

Power supply reverse connection probection, Power supply surge prabection,
Short-circuit protection for sach outpul, Surge protection far each output

#0.5% af F.5."%8

‘Wariable

L { min, m* { h, gal { min

14107 1007 1000 ¢ 10000 (L)

+3"C 45 .4°F (liquid temperabure of - 20 to + 50°C, - 4 1o + 122°F)

25°C 25°F (liguid bemperature of 50 to + 120°C, 122 1o 248°F)

{ambient cperaling temperalure of 25°C 77°Fjr4

DG power supply: M12 4-pin comnector | &G power supply: Md sorew ferminal
block (selectable)

‘When using a D power supphy: M12 d-pin cormector { when using an AC power
supply: M3 soreew terminal block

Control output | Integrated pulse cutput ! Error output § Temperature alarm, PR
PNP setling switchable open collector output 30 VDO or less, max. 100 maA { che,
residual voltage: 2.5V or less™?

Flow rale amalog output | Temperature analog output and 4 - 20 mé 5 0= 20 mi
[seleciable), load resistance: 500 0 or less'™

Integrated flow resel input / Flow rate zer input ! Origin adjustment input {selec-
table), shor-creuit curnent: 1.5 mA or kess, input time: 20 ms or mane™

20 16 30 VDT including 107% ripple (P-P), Class 2/ 100 fa 240 VAC - 15% ar +
10% (50 / B0 Hz)

1-BBE-539-362 W Toll Fras) IS - (it K p R0 DOTH 20221104 Faga 1of 3



Data Sheet FKEYENCE

Current consumpticn ‘When using & D power supphy: 300 mé or less (lead current excluded), 400 mA
ar less (lead curent included] When wsing an AC power supply: 15 VA or less
Environmenlal resistance Enclosure rating IPES5 | 87 (IECE0254), IPESK (IS020653), Endosure Type 4X (NEMAZ50)
Ambient l=mperature =20z + B0°C - 4.0 1o 140 °F {na freazing)=
Relalive humidity 5 ta 80%RH (no condensation)
‘Wibralion resistance 10 1o 56 Hz, compound amplitude 1.5 mm 0.06°, XYZ axes 2 hours for sach axis
Shock resistance 100 misz , 16 ms pulse, XYZ axes, 1000 times for each asis
Dimensions Main unit size: 2185 mm * 6.9 mm = TO.F mm B80° = 263" = 2 T&°
Mdasterial Bdain umit Bedy: aluminum die-casting + coaling / PPS, display: reinfarced glass, connec-
tors: SUSI04-equivalent
Unit rear Rubber
Uppeniower brackel SUSN04
‘Weight Main unil: Apprax. 1.0kg

Upperiawer bradest Apprax.2.3 kg (including sub unit)

T Liguid must allow for the passage of an ulirasonic pulse, as well 2= nol conlain large air pockets or excessive bubbles. Detaclion may be unstable due
1o the bype and status of the pipes.

"2 Pesfarm derating depending on the ambient lemperature and liquid lemperature when using an AC power supply.

'3 The zerc oul fiow rale can be changed in the selings.

*® This walue is guarantzed by KEYEMWCE inspection facilties, Ermors will be introduced by the type and siatus of the pipes, the type and temperature of
the flusd, and the zem cuk flow rate.

*S This is the value when considering linearity + span eror + repeatability in a stable environment of 25°C 7T°F.

'8 |t is possible 10 enhance the predsion of zem point emor by performing an origin adjustment.

T 10-Link: Compatible with Specification w1.1 / COM2 (38.4 kbps) The seiting file can be downloaded from the KEYEMCE websile. If using the unil in an

ervimanmen! whene downloading the file is nol accessible via Inlernet. comtact your nearest KEYENGCE offics. I0-Link is sither regisiered trasdemarks ar
trademarks of PROFIBLS Nutrerorgamisation e.V_ [FRO)

KEYENCE AMERICA 1-888-539-3523Todl Firas) s histist bRl LONTY 0221104 Pago 2 of 3
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Data Sheet FKEYENCE

Dimensions
* Download CAD file or product manual for larger imageftext and more detail.
FD-R125 200 _dimension_01.gif

& FD-R125/FD-R200

2uiEIE
aflecivn thraed kngth of scoew: 10

_l TE

Food e Ea, ve

c 1495 &)
= 4
FD-R1Z5 FO-R200
A G 62
141 HE 1711420
[0 £ (1004 20 & {150A; 376
5 (12641 10 & A 18 6
G [T (V0 3y
] E ] A5
KEYEMCE AMERICA 1-B88.530.362%Toll Fres]  hitps:Pwww keyonco.com  J022M104  Pago3afd

Source: Keyence, 2022
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APPENDIX D

Detailed P&IDs

Figure D-1: Solar Array Hydraulic Schematic

s®LID A

tual property of Solar Energy
ied or otherwise

388
s 88

@
£ 2ds

A
8L

A

A

48 &

Source: SOLID, 2022
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Figure D-2: Solar Process Hydraulic Schematic
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Meckzniczl area picing
At Oraring: Ball va

wich well=ay s cap!
High o | = Dezei atio
[ i

Dz gn feroerature 203°T (937
Pema el oy prina g tirc sleel ASTH SCRLD
Wzsl g lyuics wa e glyal rix a0 20%

Bal valv: Seraires P Hees mever
Butterf.y va b
& velic” valvs

Clheck valir

Fil. 2nd 2rain valve

Marome-zr valve

Wacuum rel ef valve

il
T U SONEE

i w il o f———

> Level switch

Temperature sensor /A Recoctic 1| Incermec ate vesse ’V Hezt Exchanger Dry cooler
cssto b ossmiller | Belactahle sone: o
| vermometar eeral zonneztion —_— Tolcig e —
Sressure gauge Baifle p.ate | Blowtars G
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This material is confidential.

This material is the intellectual property of Sclar Energy
Systems GmbH and may not be copied or otherwise
reproduced or made available to third parties or competing
companies without our prior written express consent.

@001 Teroes South

ematic
Sola- process heating
iccrriza oza

Source: SOLID, 2022
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