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Background 
 

The Maritime Administration (MARAD) and Collins Aerospace funded the demonstration of a 
waste heat driven adsorption chiller on the Training Ship T/S Golden Bear during California 
Maritime Academy’s 2023 Summer Cruise. This effort was completed under MARAD contract 
number 693JF72050001 as part of the Maritime Environmental and Technical Assistance 
(META) program as a follow up to a previous effort by the U.S. Navy.  
 
Previously, the Thermal Energy Harvesting and Conversion (TEHC) testing on the T/S Golden 
Bear was completed under a Phase 2 effort sponsored by the US Navy under BAA N00167-13-
BAA-01. The Naval Surface Warfare Center, Carderock Division (NSWCCD) requested innovative 
concepts from industry and academia to enable energy conservation and carbon footprint 
reduction on US Navy ships. The primary focus was to develop concepts with the potential for 
rapid transition to Fleet operations. All Military Sealift Command (MSC) ship classes and Navy 
combatant platforms had identifiable opportunities for energy conservation, and all classes 
were of interest under this BAA. 

 

Figure 1 – 2023 Summer Cruise ITINERARY 

Collins Aerospace’s TEHC innovative system solution for the 2023 cruise consisted of a state-of-
the-art seawater heat exchanger for re-cooling of the adsorption beds and new piping to 
harvest the ship generators’ jacket water wasted energy and provide it to an adsorption chiller 
for cooling. This system was installed on the  T/S Golden Bear and evaluated by the California 
Maritime Academy (CMA) and Collins prior to the start of the 2023 summer cruise. The test 
period covered approximately two months and covered the area shown in Figure 1.  
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Executive Summary 
 
Summary results from the cruise showed the waste heat driven heat pump integrated to the 
generator’s jacket water system provided: 

1. Reduced fuel consumption by supplementing the ship’s cooling loads without 
consuming electrical power from the generators. 

2. A simple installation process to capture a suitable “driving heat source” from all three 
generators. 

3. An effective re-cooling (middle temperature) source of the ship’s seawater system. A 
previous 2021 cruise used the Central Fresh Water (CFW), which was shown to be 
ineffective due to the higher water temperature of the CFW. 

4. The cooling loads provided were free of any CO2 emissions. 
5. No maintenance or operator support were required during this 64-day cruise. 
6. The system operated 100% of the total cruise without any shutdowns or problems. 

 
The overall success of this test has initiated the planning for a second phase of validation 
testing, with the U.S. Navy, during the 2024 and 2025 cruises. The initial concept is to scale up 
the cooling capacity by roughly a factor of 10 times. The 2023 cruise demonstrated a “proof of 
concept” cooling capacity of roughly three ton. The target for the “scale up demonstration will 
be roughly 30 tons.  

 
System Design and Installation 
 
The system design and ship installation plan were developed by Glosten and Collins 
Aerospace. Prior to installation, the design and plans were then reviewed and approved by the 
American Bureau of Shipping (ABS). Figures 2 through 5 show the TEHC system component 
installation within the T/S Golden Bear. The adsorption chiller was set up to run utilizing hot 
water generated from the ship’s diesel generator. The re-cooling source was provided through 
a seawater heat exchanger connected to the ship’s seawater cooling system. 
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Figure 2 – TEHC System Location 
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Figure 3 – TEHC Material Schedule 
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Figure 4 – TEHC Equipment List 
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Figure 5 – TEHC Piping (Highlighted) 
 
Note: Drawing shows previous test elements such as an exhaust gas heat recovery unit and organic Rankine cycle power 
generator which were not part of this test and report. 
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Figures 6 & 7 - Thermal Energy Conversion Equipment (Waste Heat Driven Adsorption Chiller) and Seawater Heat 
Exchanger installed 

 
The TEHC Component Schematic / Vessel Interface drawing of the installed unit on the T/S Golden Bear is 
shown in Figure 8 below. 
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Figure 8: TEHC Vessel Interface 

 
The connections from the ship to the adsorption unit are shown in Figure 9. For the demonstration 
the chilled water produced by the adsorption chiller was provided to a machine shop directly off from 
the engine room. A fan coil arrangement was used to transfer the cooling effect throughout the 
shop. The machine shop had no other cooling source within it. Typically, the shop would be the 
same temperature of the engine room. 
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Figure 9: TEHC Component Schematic / Vessel Interface 
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Figure 10: TEHC Seawater Heat Exchanger 

 
 
Test Objectives 

 
The adsorption chiller was an off-the-shelf product which used silica gel as the adsorbent and water as 
the refrigerant. The thermal conversion efficiency of the adsorption chiller is roughly 50% at the 
nominal operating conditions. 
The Adsorption Chiller test objective was to demonstrate cooling of the ship’s machine shop, located 
within the engine room of the T/S Golden Bear, by using the generators’ wasted jacket water energy 
instead of electrical power from the generators. The TEHC system tested was configured with various 
sensors to evaluate key system performance parameters. The objectives evaluated included the 
following: 

A. T/S Golden Bear ship generator run time vs. TEHC System availability. 
B. Hours of required crew operational support vs. total cruise time. 
C. Hours of required crew maintenance support vs. total cruise time. 
D. Heat exchanger capture effectiveness vs. design to budget/projection. 
E. Control system effectiveness - operational time vs. down time.
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Project Test Plan 

 
Data was collected during the 2023 cruise. The primary focus was the performance of the system as a 
stand-alone ship’s function and its maturity to deliver cooling energy with minimal downtime or 
maintenance support. Per the Objectives identified above, three methods were used to monitor and 
collect the test data: 

A. Method #1 - Automated data loggers: 
a. Adsorption Chiller Internal Data 
b. Collins Aerospace data logger 

B. Method #2 – CMA Crew Manual Data Collection 
C. Method #3 – CMA Visual Inspection Data 

 
Daily digital photos were captured by the crew then emailed to Collins for analysis and recording of key 
parameters, including: actual generator loads (#1), temperatures inside and outside of the machine 
shop where the adsorption chiller output was located (#2), and adsorption chiller internal parameters 
(#3), and Ship HVAC percentage capacity output for each unit (#4) A sample of the daily email 
information is shown below in Figure 11. 

 

Figure 11 – Daily Data Email Example 

 
The daily inputs were compiled into an Excel file (shown below) by Collins to support the following test 
parameters. 

 

1 1 1 2 2 

3 

3 3 
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Figure 12 – Daily Data Excel File 
 

The specific items tested / collected, and the methods used are tabularized in Table 1 below. 
 

Table 1: Data Collection Items 

 
ITEM TO BE TESTED TEST 

DESCRIPTION/OBJECTIVE 
TARGETED 

TEST 
FREQUENCY 

COLLECTION 
PARTY 

SOURCE TEST TYPE 
OR EQUIPMENT 

Ship Generator Output Voltage vs. Time / Objective A Daily Crew    Visual reading 

Heat Exchanger Output Temperature / Objective A & D Daily Crew     Visual reading 

Ship current chiller 
Output 

Percentage of full Capacity / 
Objective A 

Daily Crew    Visual reading 

Seawater Temperature Temperature/ Objective D Daily Crew    Visual Reading 
Adsorption Chiller 
Parameters 

Cycles, temperatures, run time  
/ Objective D 

Continuous Crew Visual of Chiller Display 
and data logger 

Maintenance Support Crew Survey / Objective C As required Crew Logbook 

Operational Support Crew Survey / Objective B As Required Crew Logbook 

Control System Data Control Panel Data / Objective E Daily Crew Logbook 

System Inspection Visual Inspection and Data 
Review / Parameter B & C 

At CMA 
Pre and Post 
Cruise 

Collins Logbook 

 

Test Results / Analyses 
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The following subsections provide recorded data, some initial data processing of the information, and 
analyses addressing each of the seven technical parameter targets. 

 
Objective A: T/S Golden Bear Ship Generator Run Time vs. TEHC System Availability 
The data collection period associated with the TEHC operational validation during the 2023 T/S Golden 
Bear cruise began May 9th and was completed July 7th. During this 60-day period the ship’s three 
generators’ output power was monitored and recorded daily as shown in Figure 12. The maximum 
operating output of the onboard MAK generators was stated to be ~900KW. A sample of the daily 
information collected by the crew is shown in Figure 13 below (Generator Output Power). The number 
at the top of the photo shows which generators were running. The No.1 and No.3 generators were 
connected to the TEHC. One or both generators were operated in parallel for all but two days of the 
cruise. The offline generator(s) was/were not included in the daily data. 

 

Figure 13 – Daily Generator Output in KW (meter on right) 
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Likewise, the status of the adsorption chiller was also observed and photographed at the same time as 
the generator output each day and recorded during the cruise. The data captured from the chiller’s main 
display screen indicated the operational status of the chiller. An example of the daily chiller status is 
shown in Figure 14 below. 

 

 

Figure 14 – Daily Adsorption Chiller Status Data 
 
The results of this data showed that the adsorption chiller operated 100% of the time during the 2023 

cruise. 

 
Objective B: Hours of Required Crew Operational Support vs. Total Cruise Time 
Total cruise time for the test period on the T/S Golden Bear was 60 days or a total of 1440 hours. The 
crew’s log reported no operational support time was needed for the adsorption cooling unit. This 
indicated that the TEHC operated independently during all cycles of generator operation as reflected in 
the results presented for Parameter A. The Adsorption chiller was not connected to the Number 2 
generator; however, it continued to function whether waste heat was provided from either the first or 
third generators. This data confirms the ease-of-use capability of the adsorption technology, thus 
making it suitable for shipboard applications. 

 
Objective C: Hours of Required Crew Maintenance Support vs. Total Cruise Time 
As stated in the discussion for parameter B, total cruise time for the test period on the T/S Golden Bear 
was 60 days, or a total of 1440 hours. The crew reported no down time resulting in required crew 
maintenance efforts for the TEHC’s adsorption chiller. 
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Objective D: Heat Exchangers Capture Effectiveness vs. Design to Budget/Projection 
The adsorption chiller operates by having a heat source or “driving” temperature that warms the 
adsorbent bed, in this case zeolite, to “drive” the refrigerant (water) to a higher pressure in the bed. This 
in effect does the same function as the vapor compressor, but without the use of electrical power. Once 
the refrigerant in the bed is transferred to the condenser, it is then “re-cooled” to allow the bed to 
adsorb more refrigerant. The adsorption unit operates on a pair of modules. Therefore, at any point in 
time one module is heating up or desorbing while the other module is cooling down to allow for 
adsorbing. 
 
This operation, in pairs, allow for a smooth cooling performance to be obtained. The cyclic 
performance within the module is shown in Figure 15. 

 

 
Figure 15 – Temperature Cycling of Adsorption Modules 

 
The demonstration adsorption chiller unit installed for this test had a nominal driving temperature range 
requirement of 70 °C to 90 °C. The re-cooling temperature requirement was from 20 °C to 34 °C. Figure 
16 shows the high temperature (HT) and re-cooling temperature (MT) plotted against the cooling 
capacity during the 2023 cruise. 

              Cycling process on the adsorption phases with dynamic temperature profile   
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Figure 16 – Adsorption Chiller Temperature and Cooling Power 

 
The actual nominal operating temperatures needed for the adsorption chiller were obtained throughout 
the cruise, once the ship was underway. Both the driving heat needed to heat the adsorbent material 
and the re-cooling temperatures needed to lower the adsorption bed temperatures were within the 
acceptable range. The seawater proved to be a very effective re-cooling energy source. The high 
temperature or jacket water source was at the low end of the range. Our design projection was that this 
would have been near the mid-range or 80 °C. The T/S Golden Bear has a “keep warm” feature that uses 
the waste heat from the two operating generators to keep the offline stand-by generator warm. The 
jacket water passes through an AMOT valve, which regulates the flow to either the keep warm 
generator or to the Central Fresh Water (CFW) cooling system, so that it returns the operating generator 
to the desired temperature. This system will be further analyzed to determine a high temperature and 
optimized flow rate for the adsorption unit to achieve a high cooling capacity. By improving the 
integration to this ship system, a smaller footprint will result.
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To understand the performance of the system during the cruise, various parameters from inside the 
adsorption unit were obtained daily. Each of the three temperatures (HT, MT, and LT) were obtained by 
a daily “screenshot" of the chiller. Figure 17 shows the internal temperatures. 
 

 

 
Figure 17 – Temperatures in Adsorption Chiller 

The actual cooling capacity in kilowatts thermal and the energy in the high temperature driving source 
are also calculated from within the adsorption chiller. Two different screenshots are shown in Figure18. 
The first is from the beginning of the cruise in early May, and the second is from the end of the cruise in 
early July. The cooling capacity or power is shown as dQ LT, and the driving energy is dQ HT. In addition 
to this information the number of cycles performed by the module pair is shown in Figure 18. 

 

Start of Cruise in May 2023 End of Cruise in July 2023 
 

Figure 18 - Cooling Capacity, Driving Energy, and Number of Cycles 
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In addition to this information, the actual temperature was recorded for both the machine shop and the 
engine room. This provided a second verification method of the actual absorption chiller operations, 
with data independent of the chiller itself. Figure 19 shows the instrument which was used in each of 
the two locations each day. The machine shop was an average of 5.1°C (9.2°F) cooler than the engine 
room over the period of the cruise. 

 

Machine Shop Temperature Location Engine Room Temperature Location 

 
Figure 19 – Temperature Measurement Areas on TS T/S Golden Bear 

 
Figure 20 shows the above conditions, illustrated on the performance curves, for the chiller. The star 
shows the approximate operational parameters during the 2023 cruise. The curves show the 
performance with higher driving temperatures. Given the operational parameters, it is to be expected 
that a low cooling capacity was achieved. The re-cooling temperature is controlled by the ambient 
seawater temperature, which can fluctuate. The zeolite’s high temperature performance was confirmed 
during the cruise when the ship crossed the equator and a 31°C (88°F) seawater temperature was 
observed with the chiller, while still producing the cooling effect, even though it was in warm seawater. 
 
As previously discussed, the high temperature driving energy (from the jacket water) will be investigated 
to improve both temperature and flow rate to the adsorption chiller. The configuration of this loop, 
during the cruise, only had two flow rates that could be selected. These flow rates can be optimized 
given the data from the 2023 cruise. The operation of the AMOT valve and “keep warm circuit” for the 
generators will be further investigated to raise the temperature up to the expected high temperature of 
80°C (180° F). 
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Figure 20 – Predicted Operational Performance Curves of the Adsorption Chiller 

 
Two additional pieces of data were recorded during the cruise to provide further insight into the 
operating mode of the T/S Golden Bear. The first was the seawater temperature at the various locations 
during the cruise. The second was to obtain the current electrical (vapor compression) chillers’ 
performance at those same locations and corresponding temperatures. Figure 21 shows the same 
temperature of the seawater at the various time of the cruise and location. 

Approximate 
operating parameters 
during 2023 cruise 
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Figure 21 – Seawater Temperatures During the 2023 Cruise 
 

 
Objective E: Control System Effectiveness - Projected Operational Time vs. Down Time 
A key aspect of the shipboard suitability is the ability to supply cooling which can be used for a high 
percentage of the underway time of the ship. To understand this for the T/S Golden Bear, data was 
collected for each of the two electric vapor compressor chillers on the ship. This was accomplished using 
a display on each of the Carrier chillers. Figure 22 shows the display and its location in respect to the 
chiller itself. It was observed that, in most of the climate conditions, only one chiller operated. The 
typical minimum load was found to be 22% of the current ship chiller maximum capacity of 150 tons 
equivalent to 34 tons of cooling. 
 
The data sheet in Figure 23 shows the full capacity power draw for the 155-ton unit which is circled in 
the figure. The power required for the full capacity amount of cooling appears to be roughly 111 kW of 
power draw at full capacity. As shown earlier in Figure 16, there were no failures or down time events 
during the entire cruise and all components of the system performed as expected.  By operating the 
adsorption chiller in the “baseload” cooling mode, the maximum number of usage hours from the 
adsorption units can be obtained. Figure 24 shows the ship’s vapor compression chillers’ capacity 
output percentages during the various days of the at sea demonstration. This information gives an 
estimation of the actual cooling loads for the T/S Golden Bear of which a simplified business case model 
can be created using the generator kWh per gallon of fuel can be applied. 

16°C (60°F) - 6/29 
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Figure 22 –   T/S Golden Bear Onboard Carrier Chiller Display 
 

 

Figure 23 –   T/S Golden Bear Onboard Carrier Chiller Power Use 
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Figure 24 –   T/S Golden Bear Vapor Compression Chiller Percentage Capacity Output 
 

In addition to the manual daily data information, two temperature data loggers were installed inside the 
machine shop to verify the chillers performance on a continuous basis. These were placed directly in the cool air from 
the fan coil as shown in Figure 25. 
 

 
Figure 25 - Data Logger Location 
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Figure 26 shows the data obtained during the cruise. This data shows the continuous output from the 
chiller during the cruise. The data was captured every 4 minutes during the cruise. This data correlated 
very closely with the temperatures recorded internally by the chiller and shown in the display during 
the cruise. The area in the chart to the left of the of the indicated “period of the cruise” was the start 
of a second unplanned 2023 cruise with another state maritime academy. This showed the chiller continued 
to operate until the data logger ran out of recording space in August.  

  
Figure 26 - Fan coil temperatures within the machine shop 

 

 
 
Business Model Analyses 
 
One of the objectives of the cruise was to produce data that could be used to establish an initial 
assessment of the potential level of sustainable savings. The following method was used to develop this 
business model:   

                 Period of Cruise 



Golden Bear Waste Heat Recovery and Conversion Cruise Test Report 

27 | P a g e 

This document contains no export controlled technical data. 

 

 

First, the generator’s Acceptance Test Record (ATR) was utilized to determine the fuel consumed by the 
ship’s generators for the actual electrical power generated on the   T/S Golden Bear. Table 2 (below) is 
the ATR for one of the three on-board MAK generators. 

 

 
 

Table 2: MAK Generator ATR 
 

 
As can be seen in Table 2, there were eight tests performed at various output loads on the generator. 
Five tests evaluated between ~ 110% and 95% capacity or ~900 kW. These are the top five rows in the 
table. The lower three rows, evaluated at three-quarters capacity (~675 kW), half capacity (~450 kW) 
and one-quarter capacity (~225 kW). The data obtain on the generators output, during the 2023 cruise 
period, showed that it operated at roughly 50% load or 450 kW, as previously shown in Figure 13. 
 
The fuel consumption per kWh at 450 kW load was 227.3 grams per kWh, as shown on Table 2. Given a 
density of 3,150 grams/gallon for diesel, the result is 13.85 kWh per gallon of diesel is produced by the 
ship’s generator. As of February 2023, the Defense Logistics Agency (DLA) price of diesel is $3.90 per 
gallon. This would result in a fuel cost of $0.281 per kWh.  
 
Average generator load (50%) = 450 kW 
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Fuel consumption at 50% load: 227.3 grams per kWh 
Density of diesel fuel: 3,150 grams per gallon 
 
kWh produced per gallon of diesel fuel by generator at 50% load =  
3,150 g/gal ÷ 227.3 g/kWh = 13.85 kWh per gallon 
 
Price of diesel fuel (February 2023 DLA price): $3.90 per gallon 
 
Fuel cost per kWh produced at 50% load = $3.90 per gallon ÷ 13.85 kWh per gallon = $0.281 per kWh 

 
Second, the cooling electrical power displacement was estimated for the model based on an actively 
sailing vessel. The business model used a yearly underway time of 7,600 hours to represent an active 
vessel profile. The adsorption chiller, operating in baseload conditions, will reduce the number of kWh 
produced by the generator for powering the HVAC.  
 
To estimate the cooling load replacement by the adsorption system, the current ship’s chillers full load 
power consumption (shown by the circle in Figure 23) of 111 kW to produce 155 tons of cooling was 
used. This results in 0.72 kW electrical power per ton of cooling. 
 
111 kW electrical power / 155 cooling tons = 0.72 kW/ cooling ton for the vapor compression chiller 
 
To verify the electrical load per cooling ton value was in-line with the stated value (Figure 23) the 
compressor load and electrical load on the days with the highest and lowest cooling loads were 
compared assuming that the only major electrical load change was for air conditioning.  On May 10 
(lowest cooling load) the two-generator output was 950 kW (400 kW + 550 kW) and the corresponding 
observed cooling capacity was 34 tons (155 tons X 22%). On June 9 (highest cooling load) the two-
generator output was 1,100 kW and the observed cooling capacity of 205 tons (155 tons X 55% + 155 
tons X 78%). 
 
Change in cooling load = 205 tons (highest load) – 34 tons (lowest load) = 171 tons cooling 
Change in electrical load = 1,100 kW (highest A/C load day) – 950 kW (lowest A/C load day) = 150 kW 
 
Calculated electrical load = 150 kW / 171 tons = 0.88 kW/ cooling ton (approximate) observed 
 
The observed electrical power per ton of cooling value is reasonable given that the chillers were 
operating at partial load, which is less efficient than operating at full load.  The amount of time spent at 
a significantly lower load than the maximum  load would result in a higher kW per ton value. This effect 
was not included in the model. The ship chillers operated in the range between 11% to 66% of the full 
load condition over the cruise period. The concept of operation would be to use the adsorption 
technology as a pre-cooler to augment the ship’s vapor compression chiller at all times during the cruise 
similar to how it operated continuously on the 2023 cruise.  
 
Third, the actual adsorption chiller produced roughly 1.43 tons (5 kW) of cooling power per hour during 
the cruise and operated continuously. This relatively small cooling output was a result of the less-than-
optimal high temperature driving conditions (jacket water temperature at the chiller was less than 
expected). It is noted here that the proof-of-concept unit’s performance under the nominal design 
parameters conditions, would have produced an estimated 4 tons (14 kW) of cooling. Applying the 
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existing T/S Golden Bear’s chillers performance and the adsorption chiller performance a simplified 
rough order of magnitude return on investment (ROI) is calculated as shown below.  Note: the 
adsorption chiller does utilize a small amount of power to operate solenoids and a small pump.  This 
value is not included in the simplified ROI. 
 
The value of a ton of cooling on the T/S Golden Bear is determined by using the 0.88 kW/ton multiplied 
by the average per hour cooling capacity of the prototype adsorption chiller and then multiplied by the 
assumed annual operating hours of 7,600 for an active vessel and finally multiplied by the cost of a kWh 
of power produced on the T/S Golden Bear. 
 
kWh Savings = 0.88 kW/ton X 1.43 tons X 7,600 hours = 9,564 kWh electrical power saved per year 
Cost savings = 9564 kWh X $ 0.281 kWh = $2,687 per year as installed and observed 
 
Increasing the jacket water temperature to the chiller to 80°C (176°F) would increase the cooling 
capacity of the chiller from the observed 1.43 tons to 4 tons.  Utilizing this higher cooling capacity, the 
annual electrical savings can be calculated as: 
 
kWh Savings = .88 kW/ton X 4 tons X 7,600 hours = 26,752 kWh electrical power saved per year 
Cost savings = 26,752 kWh X $ 0.281 kWh = $7,517 per year (with higher jacket water inlet temp) 
 
Finally, the total investment cost was estimated. The actual proof of concept unit was procured for 
$30,500. The estimated installation cost based the actual cost of the recurring installation tasks only and 
on our lessons learned from the 2023 cruise. By removing the engineering costs and first-time 
installation inefficiencies, an estimated installation cost of $22,500 was used in the model. The total 
estimated investment of $30,500 + $22,500 was included in the model. In addition, $500 per year was 
included for yearly maintenance.  
 
One-time Investment = $30,500 (procurement) + $22,500 (installation) = $53,000 install cost 
Annual operating costs were estimated at $500 per year. 
 
The simple payback analysis resulted in a payback period of roughly 24 years as demonstrated (this does 
not consider improved efficiency modifications which could considerably reduce the payback period). 
Given these assumptions and rough order of magnitude for installed cost, and the actual demonstrated 
performance of the adsorption chiller during the 2023 cruise the simple payback period is excessively long 
to attract investment if only cost is considered. Further savings in maintenance and life cycle costs are 
expected but not included.  Note that the small capacity of this prototype chiller was for a proof-of-
concept test.  
 
However, as mentioned previously the performance of the prototype unit should be able to be increased 
considerably through better ship integration. With a higher hot driving temperature, the expected simple 
return would be 7.66 years which would be in the acceptable range to consider the technology affordable 
at this stage of market deployment.  The result from the business model is shown in Figure 27. The 
payback period is shown in the red figures in the cash flow calculations chart and in graphic form below 
that. 
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    As Demonstrated in 2023 Cruise 

       Expected with Improved Ship Integration 
Demonstrated in 2023 Cruise 
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Figure 27 – Business Model for 2023 Cruise Adsorption Cooling Demonstration 

 
 
Conclusions / Recommendations 

 
Waste heat generated cooling capacity was successfully installed and demonstration, at sea, during the 
May 9, 2023, to July 7, 2023, timeframe. This demonstration project was relatively small, providing 1.43 
tons of cooling capacity, but the results obtained from the T/S Golden Bear 2023 cruise indicated that 
the waste heat driven heat pump is a viable technical solution for military and commercial vessels. By 
using waste heat from the generator’s jacket water system and a connection to the ship’s seawater 
cooling system, adsorption cooling driven by waste heat energy already on the ship can be successfully 
and affordability implemented on ships. This method provides ship cooling without the combustion of 
fuel and thereby minimizes CO2 emissions by the ship.  
 
The data captured during the T/S Golden Bear’s cruise indicated that the driving heat for the adsorption 
technology can be obtained from the roughly 950 kW of electrical load delivered from the ship’s 
generators while the T/S Golden Bear was underway. An example of this is shown in Figure 28. The 
waste thermal energy available from a data sheet for a similar diesel generator’s jacket water, assumed 
to be operating at 50% load, like the T/S Golden Bear and many ships operate, shows a 43% heat 
rejection rate to the jacket water as compared to electrical output of a diesel generator operating at 
50% load (875 kW/378 kWth).  The blue arrow indicates the 50% load performance which gives an 
electrical output like the two generators usage on the T/S Golden Bear.  This would result in 
approximately 400 kW of thermal energy available for conversion to cooling. Since the adsorption 
chiller’s efficiency at the specified optimal parameters is roughly 50%, then an expected cooling capacity 
of 200 kW or 57 tons of cooling potentially could be available.  A scaled-up chiller could take advantage 
of this available heat source for cooling. 
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Figure 28 – Thermal Energy Distribution in Typical Gen Set 
 
.  
 
The 57 tons of cooling would represent 100% of the ship’s cooling loads in 21° C(70°F) seawater and 
roughly 30% of the total cooling observed in 32°C (90°F) seawater. The amount of cooling capacity 
could be further increased by using the exhaust energy shown on the chart. This would provide another 
estimated 700 kW of exhaust waste heat that could be used with the jacket water. In this combined 
configuration, a total of 157 tons of cooling potentially would be available from waste heat. The 
maximum cooling capacity observed during the T/S Golden Bear’s 2023 cruise was 199 tons. An exhaust 
heat exchanger was successfully demonstrated on the T/S Golden Bear at sea in both the 2019 and 
2021 cruises.  The 2023 jacket water application was able to produce a positive business model on the 
small-scale demonstration with a simple payback period of 3.66 years, assuming higher driving heat can 
be provided to the prototype unit through improved integration to the ship.  
 
By reducing the fuel combusted for ship’s cooling needs, as described above, an estimated 
corresponding greenhouse gas reduction of 1,469 tons of Carbon Dioxide Equivalent could be achieved 
annually, based on the EPA’s website calculator. Since the electrical power avoided is from petroleum-
based fuel, the emissions are higher per kwh than landed based power plants.  The carbon footprint 
reduction results from avoiding the annual combustion of 121,612 gallons of diesel fuel on the ship and 
instead harvesting wasted thermal energy from the ship’s generator to produce an equivalent amount 
of “fuel free” cooling. If widely adopted, this can result in a significant carbon footprint reduction 
across the Navy’s and commercial maritime fleets. 
 
Given the potential operational benefits demonstrated during this project and the ability to use the T/S 
Golden Bear as a shipboard sea trail asset, it is recommended that this project continue. The data 
obtained from follow-on efforts would facilitate the analysis to determine the applicability to other 
various type of vessels used in maritime operations today and in the future. 

 

Collins Aerospace would like to recognize the contributions from both MARAD and the California 
Maritime Academy for making the 2023 Cruise a successful demonstration. 




