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Section 1: Introduction 
The City of Bellingham (City) is in the planning process to evaluate options for long-term biosolids 
management and beneficial reuse opportunities for the wastewater residual solids and energy recovered 
from the Post Point Resource Recovery Plant (Post Point). The Post Point Biosolids Project (Project) is being 
conducted in phases from alternative screening and evaluation through design and construction.  

In Phase 1 and 2 of the Project, alternatives were evaluated, and the final biosolids treatment and energy 
use processes were selected. The Project is currently in Phase 3, which further defines the selected 
alternative technical requirements and documents the planning effort within the Biosolids Facility Planning 
Report (Biosolids Facility Plan), an update to the City’s existing, comprehensive 2011 Wastewater Facility 
Planning Report (Carollo, 2011). 

This Phase 3 TM 5–Sludge Heating and Cooling Alternatives Evaluation, summarizes viable alternatives 
technologies and provides an initial screening and evaluation of alternatives for the City’s specific 
application. 

The recommended project includes temperature-phased anaerobic digesters (TPAD) (Figure 1-1). The 
resulting system will heat thickened sludge from wastewater temperatures (55–80 degrees Fahrenheit [°F]) 
to thermophilic temperatures (131 °F), then cool the sludge to 98 °F for mesophilic digestion.  

 

Figure 1-1. Temperature-phased anaerobic digestion process 

The objective of this task was to develop alternatives for using heat and gas resources from selected 
processes for heating digesters and Post Point buildings. This technical memorandum (TM) presents the 
findings of Brown and Caldwell’s (BC) evaluation of the heating/cooling system alternatives and provides a 
recommendation on the most appropriate alternative for use in the Facility Plan.  

Section 2 of the TM discusses the heating/cooling criteria for Post Point based on the projected flows 
through the digesters and their temperature requirements, while Section 3 describes available heating/ 
cooling technologies. Section 4 presents heating/cooling system alternatives that could be applied at Post 
Point and Section 5 evaluates the life-cycle costs and non-economic considerations of these alternatives. 
Finally, Section 6 describes the selected alternative and the reasons for selecting the alternative. 

Details regarding final equipment sizing, configuration, or selection of equipment will continue to be refined, 
as design progresses. 
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1.2 Background 
Historically, wastewater treatment plants (WWTPs) have relied on boilers fueled primarily by digester gas for 
process and space (building) heating. However, two recent changes at WWTPs around the country have 
made this heating method less attractive:  
• Hydrogen sulfide (H2S) and siloxane concentrations in digester gas have been increasing to the point 

that gas conditioning is often required to maintain boiler life expectancy. This has resulted in potentially 
significant gas conditioning costs associated with using digester gas in the boilers. 

• Renewable energy markets have made digester gas significantly more valuable as a feedstock for 
producing renewable natural gas, making it less desirable for consumption in plant boilers.  

In addition to process heating, the Digester Control Building and adjacent buildings and tunnels would 
require heating to maintain these spaces at comfortable temperatures for operations and maintenance 
(O&M) staff. Digester gas upgrading equipment, such as compressors and gas coolers, would also need to 
be cooled. Post Point has access to relatively inexpensive and green (near-zero carbon) electricity from 
hydropower and other renewable sources. As a result, other heating sources, such as heat pumps that use 
electricity and heat from the plant’s effluent to heat water, could be an economical and environmentally 
beneficial alternative to boilers. 

Section 2: Heating and Cooling Criteria  
A central heating system would provide process heat to maintain the digesters at elevated temperatures as 
well as space heat to maintain occupied spaces, equipment rooms, and passageways at comfortable 
temperatures. This section describes the quantity and temperature required for process and space heating.  

A cooling system will be required to reduce the sludge temperature from thermophilic (131 °F) to mesophilic 
(98 °F) as well as gas and compressor cooling for the biogas upgrading system. This section also describes 
the cooling requirements for both sludge cooling and compressor/gas cooling. 

2.1 Process Heating 
Process heat is required to heat the sludge from wastewater temperatures (expected to be between 55 °F to 
75 °F) to thermophilic digestion temperatures (131 °F). The flow rate of sludge will vary depending on plant 
influent and liquid stream operation. The digesters would be insulated but would still lose some heat through 
the walls and covers. This heat loss is considered part of the process heating demands. 

Table 2-1 lists the projected minimum, average, and peak process heating demands. The minimum and 
peak heat demand values are used for sizing the heat system while the average heat demand is used for 
assessing mean operating costs and resources. 

 
Table 2-1. Process Heating Requirements Summary 

Demand 
Sludge 

temperature, °F 
Sludge flow rate, 

gpd 
Sludge heating demand, 

MMBtuh 
Digester shell loss, 

MMBtuh 
Total process heating demanda, 

MMBtuh 

2045 peak week 55 153,400 4.0 0.9 4.9 

2035 average 65 91,300 2.1 0.7 2.8 

2025 minimum week 75 74,600 1.5 0.5 2.0 

a. Assumes thermophilic digesters are maintained at 131 °F. 
Abbreviations: gpd = gallons per day MMBtuh = million British Thermal Units per hour 
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2.2 Process Cooling 
Sludge at 131 °F from the thermophilic digesters will be transferred to the mesophilic digesters, which would 
operate in the temperature range of 95 °F to 105 °F. To maintain the digesters within this temperature, the 
mesophilic digester sludge would be circulated through cooling heat exchangers. Table 2-2 lists the 
projected minimum, average, and peak process cooling demands. 
 

Table 2-2. Process Cooling Requirements Summary 

 
Sludge flow rate,  

gpd 
Sludge cooling demand,  

MMBtuh 
Digester shell loss,  

MMBtuh 
Total process cooling demanda,  

MMBtuh 

2045 peak week 153,400a 1.8 0.2 1.6 

2035 average 91,300a 1.0 0.4 0.6 

2025 minimum week 74,600b 0.9 0.5 0.4 

a. Assumes thermophilic digesters are maintained at 131 °F and mesophilic digesters are maintained at 98 °F. 

 

The heat exchangers could be cooled by one of following methods, illustrated in Figure 2-1 and summarized 
below: 
• Open-loop cooling, in which filtered chlorinated plant effluent at 55 °F to 75 °F is circulated through the 

cooling heat exchangers to reduce the temperature of the sludge (Figure 2a). This method requires the 
least complexity and capital cost, but corrosion and fouling on the cooling water side of the heat 
exchangers are common due to residual chlorine and organic carbon in the plant effluent. 

• Closed-loop cooling, in which chemically conditioned water is circulated through the cooling heat 
exchangers in a closed loop (Figure 2). The heat transferred from the sludge to the conditioned water is 
removed with a chiller or with another cooling heat exchanger using plant effluent. While closed-loop 
cooling is more costly and complex, the conditioned water eliminates corrosion and fouling on the 
cooling sides of the sludge heat exchangers. If the heat is transferred to a heat exchanger that uses 
plant effluent, the heat exchanger could be configured with an automatic tube cleaning system to 
control biological fouling.  

 

 

 

2a. Open-loop cooling schematic 2b. Closed-loop cooling schematic 

Figure 2-1. Heat exchanger cooling alternatives 
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Biofouling and corrosion in heat exchangers that use plant effluent has been observed at several plants. For 
this reason, it is recommended that closed-loop cooling be used where possible. 

2.3 Space Heating 
The new solids processing facility will include a new Digester Control Building, dewatering, screening, 
thickening, and gas upgrading buildings. It is assumed that all these buildings will be heated from the central 
heating system. Based on the preliminary building layout, typical height of these buildings, and required air 
changes per hour, the peak building space heat demand was estimated to be 3.6 MMBtuh through 2045. 
Other facilities, such as those associated with the liquid stream, and tunnels and galleries were assumed to 
be heated separately and were not considered in this estimate. 

It was assumed occupied areas would need to be heated to 70 °F in the winter while storage and process 
areas would only need to be heated to 55 °F in the winter. Reasonably sized heating coils could be provided 
for all these spaces with entering water temperatures as low as 130 °F.  

2.4 Equipment Cooling 
For the gas upgrading process, compressor oil cooling and gas cooling is required. There are three options 
for removing heat from the compressors and gas. 
• Air cooling. With this option, the oil and gas are cooled with air-cooled radiators. This cooling option is 

feasible at Post Point due to the area’s relatively cool weather. 
• Closed cooling loop. With this option, conditioned cooling water is passed through the small 

passageways of the oil and gas heat exchangers in a closed loop. Heat would be removed from the 
cooling loop with a chiller or heat pump. This cooling option is feasible, but would have the highest costs 
associated with purchasing, operating, and maintaining the additional cooling equipment. 

• Cooling using plant effluent. This option is not recommended because the vendor-supplied oil and gas 
heat exchanger passageways are typically very small and easily foul or clog with particulate. 

For the purposes of this TM, compressor and gas cooling demands in the range of 0.2 to 0.5 MMBtuh are 
assumed based on the flow rate of digester gas proposed in TM 6, Biogas Upgrading Alternatives (Wiser 
2020). 

2.5 Space Cooling 
Electrical rooms and occupied spaces are commonly cooled using individual air conditioning systems and 
are therefore assumed for the Facility Plan. A centralized cooling system (chillers, chilled water loop, and 
cooling coils) is typically only applied at WWTPs with a trigeneration system (combined heat, electricity 
generation, and cooling) and is not recommended for Post Point. 
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Section 3: Available Heating and Cooling Technologies 
This Section describes major equipment that would be part of the various heating and cooling systems that 
could be applied at Post Point.  

3.1 Sludge Heat Exchangers 
Sludge heat exchangers would be used at Post Point to heat sludge in the thermophilic digesters and to cool 
the sludge in the mesophilic digesters. Heat exchangers use a source of water that is either hotter or colder 
than the sludge to heat or cool the sludge, respectively. The greater the temperature difference between the 
water and sludge, the smaller the heat exchanger physically needs to be.  

There are two common types of sludge heat exchangers: concentric tube and spiral. See Figure 3-1 for a 
photograph of each type. Concentric tube heat exchangers (also called tube-in-tube heat exchangers) consist 
of 4 inches or larger pipe arranged in a serpentine pattern through which sludge is circulated. A larger pipe is 
centered around the straight lengths of the sludge piping. Water is circulated through these larger outside 
pipes and heat is transferred through the surfaces of the straight sludge pipes. Concentric tube heat 
exchangers can be cleaned by removing the return bends, allowing cleaning access to the sludge pipes. 
Concentric tube heat exchangers are physically very large and require significant clear space for tube 
cleaning/removal.  

  
Concentric tube Spiral 

Figure 3-1. Sludge heat exchangers 
(Images courtesy of Olympus Technologies (left) and Gooch Thermal (right) 

 

Spiral heat exchangers pass sludge and water in opposite directions around a spiral plate. Spiral heat 
exchangers are physically smaller than concentric tube heat exchangers of the same heat transfer capacity. 
Cleaning is achieved by removing the cover to access the passages between the spiral plate. The small 
passages the sludge passes through may be more difficult to clean than the large pipes of a concentric tube 
heat exchanger. Some spiral heat exchangers are constructed with pins between the plates for structural 
support. If located on the sludge side, the pins catch stringy materials and eventually plug the heat exchanger. 
If spiral heat exchangers are selected, pins should be omitted or located only on the water side.  
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Heat Exchanger Struvite Management. In WWTPs with nutrient removal, significant amounts of phosphorous 
are accumulated in the sludge biology. When the raw sludge is introduced into the anaerobic conditions of a 
digester phosphorous is released. The phosphorous combines with ammonia and magnesium in the digester 
sludge to form struvite (MgNH4PO4). Struvite has a low solubility and can rapidly form crystal deposits on 
the insides of sludge pipes. In TPAD systems, struvite formation is most seen inside the cooling heat 
exchangers and downstream sludge piping, although struvite can also accumulate in thermophilic digester 
heat exchangers. The struvite deposits greatly reduce the heat transfer capabilities by reducing the heat 
transfer coefficient and the flow rate of the sludge.  

To ensure the new plant has adequate cooling capacity, the following design features are recommended for 
the cooling heat exchangers: 
• Provide heat exchangers with surplus heat transfer capacity (more surface area).  
• Size sludge circulation pumps to provide sludge velocities of 8 feet per second through the heat 

exchangers. The high velocity is expected to reduce deposits and maximize heat transfer capacity. The 
pumps would also be capable of maintaining turbulent flow through the heat exchanger in the event of 
significant accumulations of struvite. 

• Provide one duty heat exchanger per mesophilic digester, plus one standby shared between the two 
mesophilic digesters. This would permit maintenance staff to take one heat exchanger out of service 
while having full cooling capacity on each of the digesters. 

• Provide isolation valves in the sludge line upstream and downstream of the heat exchanger with 
chemical injection quills for circulating a chemical solution to dissolve the struvite. Include space near 
the heat exchangers with a spill containment curb for a cleaning chemical tote. 

• Inject sludge into the digesters downstream of the heat exchangers rather than upstream. Phosphorous 
release (and accompanying struvite accumulation) is typically highest when raw sludge is first 
introduced into the anaerobic environment and when hot thermophilic sludge is rapidly cooled. Injecting 
the sludge downstream of the heat exchanger causes struvite to form in the digester rather than in the 
heat exchanger. 

• For thermophilic digesters, run heating water at 170 °F through the heat exchanger for brief periods. 
The solubility of struvite is proportional to temperature. Periodically running 170 °F hot water through 
the heat exchangers can dissolve struvite in the heat exchangers back into the sludge.  

3.2 Steam Injectors 
Steam injectors add heat to a digester by condensing steam and transferring latent and sensible heat into 
the sludge in the digester. The condensed steam adds about one gallon of liquid per 10,000 BTUs of heat 
added, which is negligible relative to the volume of the digester. Steam injectors are popular in pulp and 
paper, and oil and gas industries because of their resistance to fouling. They are also widely use in the food 
processing industry because of the precise temperature control that can be achieved with them. Steam 
injection has been employed for heating anaerobic digesters at eight WWTPs in the United States. A 
schematic of a digester steam injection system is shown in Figure 3-2. 
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Figure 3-2. Digester steam injector 

(Image courtesy of Pro-Sonix) 

Steam can be injected into the watery liquid to be heated by a vertical perforated pipe or sparger, but the 
resulting vibration of the insertion piping and the noise of the steam bubbles violently collapsing make the 
piping difficult to support. The noises and liquid turbulence can be troubling to plant staff. To avoid these 
issues, the steam should be injected with a steam injector that meters the steam and accelerates it to high 
velocities into the sludge. This eliminates vibration and transfers all the steam’s heat into the sludge. 
However, to inject the steam at high velocities, high-pressure steam (in the range of 60 to 120 pounds per 
square inch gauge [psig]) would be required.  

3.3 Space Heating 
There are two general options for space heating: centralized or localized. Centralized heating uses hot water 
or low-pressure steam in coils to heat air in buildings and tunnels. Centralized heating is common for plants 
that have digester-gas-fired boilers and tunnels for hot water piping. Localized heating relies on gas or 
electric space heaters to heat spaces in each individual building. Localized heating is common for smaller 
plants that rely strictly on natural gas or in buildings that are a long distance form the plant’s heat loop. For 
this TM, centralized space heating for the Administrative, Digester, Dewatering, Thickening, and Gas 
Upgrading facilities are assumed (see Section 2.3) because they are currently planned to be located close to 
the Digester Control Building where the centralized heating equipment would be located. 
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3.4 Boilers 
Boilers are the most common heat source for WWTPs. The gas generated from the anaerobic digesters can 
be the primary fuel source, thereby avoiding the operating costs associated with conventional fuels.  

There are two general types of boilers: pressurized hot water boilers, which generate hot water at 
temperatures up to 250 °F, and steam boilers, which can generate low-pressure (less than 15 psig) or high-
pressure (more than 15 psig) steam for heating. Hot water boilers are more common at WWTPs. Steam 
boilers, however, have higher exhaust temperatures, which can reduce corrosion issues associated with 
sulfur in the digester gas. High-pressure steam boilers can be coupled with steam injectors to heat the 
plant’s digesters, thereby eliminating the space and maintenance required for heat exchangers. 

High-pressure steam boilers may require trained boiler operators to be always on-site, making high-pressure 
boilers unattractive. This requirement varies by state and local ordinances. Currently, the City has no such 
requirement. Thus, there would be no difference in staffing requirements for hot water, low-pressure steam, 
or high-pressure steam boilers.  

At WWTPs, boilers are commonly dual fired on digester gas or natural gas. If economical to do so, the 
digester gas should be conditioned to remove H2S and siloxanes for less maintenance and longer boiler life. 
If the economics do not support removing the H2S, then operating boilers with a high water temperature, 
above about 185 °F to 190 °F reduces the impacts of the H2S, by minimizing exhaust gas condensation. If 
siloxane removal is not deemed economical, flexible water tube boilers have been shown to be more 
resistant to fouling from silica deposits build-ups within the boilers. 

3.5 Electric Heat Pumps 
Heat pumps are refrigeration machines similar to commercial chillers that use the same basic vapor 
compression operating cycle. Heat pumps transfer energy from a cooler water source (plant effluent or a 
cooling water loop) to a hotter water source (circulating hot water loop). Typically, heat pumps require 1 unit 
of electrical energy to extract 2 to 4 units of heat energy from the cooler water source. This makes heat 
pumps more economical than electric boilers, and possibly more economical than natural gas boilers. 

Figure 3-3 illustrates the basic vapor compression cycle. A liquid refrigerant is boiled off in the evaporator 
section at a relatively low temperature and pressure. The evaporator is a heat exchanger (plate-and-frame or 
tube-in-shell) through which a source of warm water (e.g., cooling water) is passed. The evaporated gas is 
then compressed with a refrigerant compressor to a higher pressure, consequently raising its temperature. 
The compressed and heated gas condenses in the condenser, which acts as another heat exchanger 
through which plant hot water is passed to transfer heat from the refrigerant. Finally, the cooled fluid is 
throttled back to the evaporator to begin the cycle again.  



City of Bellingham Biosolids Facility Planning Report: TM 5 – Sludge Heating and Cooling Alternatives Evaluation 
 

 
9 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
TM 5 - Heating and Cooling Alternatives - Final.docx 

 
Figure 3-3. Basic heat extractor vapor compression cycle 

 

Heat pumps can be an environmentally and economically attractive heat source for WWTPs in the Northwest 
due primarily to the region’s relatively low electricity rates and an abundance of waste heat available in the 
effluent and digested sludge. However, commercially available heat pumps are currently fairly limited in 
North America, and these are discussed in Section 3.5.1.  

At present, no WWTPs in the United States use heat pumps for central heating. King County’s South Plant 
originally had heat pumps installed in the 1980s and 1990s as their sole source of process heat. The 
original heat pumps used R-12 refrigerant, which became unavailable in the 1990s. As a result, the heat 
pumps have since been decommissioned and replaced with a natural gas boiler. BC is developing a detailed 
design for South Plant that includes two, 3.4-MMBtuh heat pumps coupled with natural gas boilers, with 
construction expected to be completed in 2022.  

3.5.1 Commercially Available Heat Pumps  
Several well-known manufacturers produce commercial heat pumps for the North American market, 
specifically for the United States, as summarized in Table 3-1.  

 
Table 3-1. Commercially Available Heat Pumps in North America 

Make/Model Compressor Type Evaporator type Maximum hot water temperature, °F Capacity range, MMBtuh 

Multistack DHRC Scroll Brazed plate 180 0.12 - 10.8 

Daikin Templifier TGZ Scroll Shell and tube 160 0.6 - 3.1 

Daikin Templifier TSC Centrifugal Shell and tube 140 3.0 - 18.0 

York YVWA Screw Shell and tube 145 < 3.4 

Carrier Aquaforce Screw Shell and tube 140 < 3.4 
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Because Post Point will be employing a TPAD process, hot water in excess of 150 °F will be required for 
practically sized heat exchangers and hydronic system. Consequently, only the Multistack DHRC and Daikin 
Templifier TGZ heat pumps would be candidate heat pumps (Figure 3-4). 

  

Daikin Templifier TGZ Multistack DHRC 

Figure 3-4. Commercially available heat pumps 
 

These heat pumps use multiple, small scroll-type refrigerant compressors (typically six per unit) with common 
hydrofluorocarbon (HFC) refrigerants (e.g., R-134a). Because scroll compressors use positive displacement 
compression, they can endure rapid changes in evaporator and condenser water temperatures and provide 
relatively high hot water temperatures. However, the nature of the compressors requires physical contact 
between moving parts. Consequently, the compressors typically wear out in 10–15 years and their 
efficiencies gradually decrease because of refrigerant leakage through the compressors. 

It is important to note that the Daikin TGZ and Multistack DHRC heat pumps are commercial quality. Most 
equipment used at WWTPs is industrial quality, meaning they have a high degree of available customization 
and heavy-duty components. Consequently, few options for configuring the units may be available, and the 
machines may need to be replaced sooner than the 20–30 years that is typical for industrial machinery. 

For various reasons, heat pumps are more widely utilized at facilities in Europe and parts of Asia, and as a 
result, commercial heat pumps developed for these overseas markets have a wider range of capabilities. 
However, because of logistics and service and support impracticalities, these commercial units were not 
evaluated further for this TM.  

3.5.2 Custom-Engineered Heat Pumps 
Johnson Controls and Trane offer services to develop custom-engineered and custom-built heat pump 
packages that can meet any hot water temperature requirement up to 194 °F and nearly any range of 
capacities. However, the cost per MMBtu for these units is on the order of ten times the cost of commercial 
units. For this reason, there are currently no custom-engineered heat pumps installed in the United States. 
In Canada, Trane has a few custom-engineered heat pumps installed, primarily for sewage heat recovery and 
district heating (Figure 3-5). 
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Figure 3-5. Custom-engineered Tecsir heat pump installation used for heat recovery and district heating 

Metro Vancouver Regional District, Vancouver, British Columbia 
(Image courtesy of Trane) 

 

3.5.3 Emerging Heat Pumps 
Interest in heat pump technology as an alternative to fossil fuel-consuming boilers and furnaces is growing in 
the United States. As a result, heat pump technology is expected to improve over the next 5–10 years as it 
becomes more common (Turner 2020). While there are no specific models being proposed currently, 
discussions with Carrier® and Johnson Controls have revealed that both companies have placed a high 
priority on developing more commercial heat pump offerings with a wider range of capacities and 
temperature capabilities. However, these technologies are unlikely to be proven, or even available, within 
the timeframe of this project. 

3.5.4 Refrigerant Considerations 
Most refrigerants used today, such as R-134a and R-410, are HFC chemical compounds. These HFC 
refrigerants replaced refrigerants like R-12 which degraded the ozone layer. However, HFCs are being 
phased out in many countries and the United States because they have very high global warming potential 
(GWP). For example, R-134a has a GWP of 1,410, meaning that 1 pound of R-134a causes 1,410 times 
more global warming than 1 pound of carbon dioxide.  
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In the United States, R-134a containing products are not anticipated to be phased out until 2024 or after. 
Units installed that use R-134a can continue to be used and R-134a can continue to be produced as long as 
there is demand. Therefore, installed equipment can continue to be refilled with the same refrigerant 
through its lifetime.  

Because heat pumps avoid natural gas consumption, they have a significant potential to result in a net 
reduction in greenhouse gas (GHG). See Section 5.2 for a discussion of GHG reductions associated with heat 
pumps and global warming consequences associated with refrigerant leakage. 

3.6 Absorption Heat Pumps 
Direct-fired absorption heat pumps use a gas-fired furnace to drive a chemical refrigeration cycle. Rather 
than using HFC refrigerant at high pressures with an electric compressor, an absorption heat pump uses a 
lithium bromide and water solution under partial vacuum to drive heat from a low-temperature heat reservoir 
to a high-temperature heat reservoir (Figure 3-6).  

Absorption heat pumps use little electricity but use a large quantity of high-quality heat (combustion 
exhaust); typically, an absorption heat pump will require 0.6 BTUs of natural gas for every BTU of heat 
produced.  

Absorption heat pumps are available in the United States from three manufacturers: 
• York® (Johnson Controls) 
• Broad 
• Thermax 

York’s headquarters are in the United States, Broad is based in China, and Thermax is based in India. 
However, all three firms provide sales and service in the United States and can manufacture their products 
to applicable codes and standards. Broad and Thermax can offer an absorption heat pump capable of 
generating hot water up to 170 °F and chilled water down to 79 °F using high-pressure steam. 

At present, absorption heat pumps have not been applied for heat recovery at any WWTP in the United 
States. However, absorption chillers provided by the above manufacturers are applied at numerous locations 
in the United States, primarily for trigeneration (combined electricity, heating, and cooling generation).  
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Figure 3-6. Absorption heat pump schematic 

Image courtesy Broad Air Conditioning 
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3.7 Other Technologies 
The temperature of Post Point’s effluent is expected to vary through the year between 55 °F and 75 °F. 
These temperatures are cold enough to cool sludge and equipment, therefore cooling equipment such as air-
cooled electric chillers or evaporative cooling towers, are not necessary. There are benefits to chilled water, 
such as smaller heat exchangers and less water-side fouling. However, it is improbable that these benefits 
would justify the capital and operating costs of active cooling, and therefore were not considered in this TM. 

For the closed-loop cooling system described in Section 2.2, outside air-cooled radiators could be used in 
place of a plant effluent-cooled heat exchanger. However, the cooling loop would require glycol addition 
because the radiators would be located outdoors, and the capital and O&M costs associated with air cooling 
would be higher than a water-cooled heat exchanger. 

Section 4: Heating and Cooling System Alternatives 
This section presents the alternatives considered for the heating and cooling system at Post Point using the 
technologies described above. These alternatives are summarized in Table 4-1. 

Spiral heat exchangers for heating and cooling sludge were assumed for all alternatives due to space 
constraints.  

 
Table 4-1. Heating and Cooling System Alternatives Summary 

Alternative 1A 1B 2 3A 3B 4 5 

Heating Source Hot water 
boilers 

High pressure 
steam boilers 

High pressure 
steam boilers and 

sludge heat 
recovery 

Electric heat 
pumps and hot 

water boilers 

Electric heat 
pumps and high-
pressure steam 

boilers 

Electric heat 
pumps 

Hot water boilers and 
absorption heat pumps  

Cooling Source Plant 
effluent Plant effluent 

Plant effluent and 
sludge heat 

recovery 

Electric heat 
pumps/plant 

effluent 

Electric heat 
pumps/plant 

effluent 

Plant 
effluent 

Absorption heat 
pumps/plant effluent 

Digester Heating Sludge heat 
exchangers 

Direct steam 
injection 

Direct steam 
injection/sludge 
heat exchangers 

Sludge heat 
exchangers 

Direct steam 
injection / sludge 
heat exchangers 

Sludge heat 
exchangers Sludge heat exchangers 

Digester Cooling Sludge heat exchangers 

Space Heating Hot water 
coils Steam coils Steam coils Hot water coils Steam coils Hot water 

coils Hot water coils 

Compressor/ 
gas cooling Closed loop with plant effluent cooling Chilled water loop Air coolers Chilled water loop 

 

Each section below presents an overview of the respective alternative including a schematic illustrating the 
heating/cooling layout and a summary of the alternative’s advantages and disadvantages.  

See Section 5 of this TM for details on Alternatives 1A, 1B, 3A, 3B, and 5 with respect to relative life-cycle 
costs and non-economic considerations such as GHG emissions, energy and water consumption, and 
operational considerations. Alternatives 2 and 4 were screened from further consideration for reasons 
described below. 
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Alternative 1A: Hot water boilers, plant effluent sludge cooling 
Alternative 1A (Figure 4-1) is the simplest and most common TPAD heating/cooling configuration. The 
heating system consists of hot water boilers, a hot water circulation loop, sludge heat exchangers for sludge 
heating, and heating coils for space heating. The boilers would be fueled by natural or digester gas and sized 
to meet the plant’s peak heat demand. Sludge cooling between the thermophilic and mesophilic digesters 
would be accomplished with a sludge heat exchanger using plant effluent as the cooling fluid.  

 
Figure 4-1. Alternative 1A heating/cooling schematic 

 

The advantages and disadvantages of Alternative 1A are described in Table 4-2. 

 
Table 4-2. Advantages and Disadvantages of Alternative 1A 

Advantages Disadvantages 

• Simplest, most common system 
• Boilers can provide hot water over 170 °F for better struvite control in 

thermophilic heat exchangers 

• Higher GHG emissions and energy consumption 
• Significant plant effluent flow for cooling 
• Numerous hydronic pumps 
• Anaerobic digester heat addition is limited by size and condition of the 

heat exchangers 
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Alternative 1B: High pressure steam boilers, plant effluent sludge cooling 
Alternative 1B (Figure 4-2) is similar to Alternative 1A, but heating is accomplished with high pressure steam 
boilers. Steam would be injected directly into the digester sludge to heat it, eliminating the need for heat 
exchangers on the thermophilic digesters. Some of the steam would be used for space heating using steam 
heating coils.  

Water consumption by the steam system could be upwards of 10,000 gpd during peak heat demands. 
Potable water or filtered plant effluent could be used. The significant amount of feed water conditioning and 
boiler blowdown that is required to use plant water could make potable water more attractive to plant O&M 
staff. If steam boilers are included in the preferred alternative, BC recommends that a lifecycle cost and 
maintenance requirement evaluation be performed to compare potable water and plant effluent use for the 
steam boilers.  

 
Figure 4-2. Alternative 1B heating/cooling schematic 
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The advantages and disadvantages of Alternative 1B are described in Table 4-3. 

 
Table 4-3. Advantages and Disadvantages of Alternative 1B 

Advantages Disadvantages 

• Simplest system with common, well-proven components 
• No thermophilic sludge heat exchangers 
• Boilers have longer useful lifetimes due to higher exhaust temperatures 
• Anaerobic digester heat addition is limited only by the capacity of the 

steam system 
• Fewest hydronic pumps 

• Higher GHG emissions and energy consumption 
• Significant plant effluent flow for cooling 

 

Alternative 2: Alternative 1B plus heat recovery heat exchangers 
Alternative 2 (Figure 4-3) is similar to Alternative 1B, but with the addition of sludge heat exchangers and a 
hydronic loop to recover heat from the sludge leaving the thermophilic digesters and pre-heat the sludge 
entering the thermophilic digesters. 

 
Figure 4-3. Alternative 2 heating/cooling systems schematic 
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While this is an intuitive means of sludge heat recovery, it has operated poorly at two regional WWTPs: 
Annacis Island WWTP in Vancouver, British Columbia, and at King County’s South Plant. Both facilities had 
similar heat recovery systems installed and both were decommissioned for the following reasons: 
• It is difficult to pump raw sludge through heat exchangers. Poor heat transfer, pumping issues, and 

clogging are common. 
• The amount of heat that can be recovered is relatively low, making it difficult to justify the O&M the heat 

recovery system requires.  
• The actual quantity of heat that is recovered is often much lower than what can theoretically be 

recovered because sludge flow rates are often too low to induce the turbulent flow that is required for 
effective heat transfer. 

However, other WWTPs, such as the facility in Newton, Iowa, have successfully implemented heat recovery 
like the approach described in Figure 4-3.  

Alternative 2 is presented for illustration only, as it is an intuitive means of heat recovery. Due to the 
practical concerns with implementing this alternative, it was not considered further.  

Alternative 3A: Heat pumps for heat recovery with hot water boilers 
Alternative 3A (Figure 4-4) consists of electric heat pumps that would generate hot water up to 160 °F for 
digester and space heating. However, the primary function of the heat pumps would be to remove heat from 
the chilled water loop. The chilled water loop would remove heat from the sludge cooling heat exchanger and 
from the gas upgrading process; the heat pumps would remove this heat from the chilled water loop and 
transfer it to the plant’s main heat loop. 

To meet Post Point’s peak heat demands, a boiler would contribute heat to the main heat loop to make up 
any difference between the plant’s heat demand and the heat from the heat pumps. A similar heating 
system (heat pumps with boilers) is in the detailed design phase for the South Treatment Plant in Renton. 
Heat pumps are also occasionally implemented in industrial and commercial applications for heat recovery. 

The chilled water loop would include a plant effluent heat exchanger that would remove heat from the chilled 
water loop if the heat pumps were unavailable. The boilers would have sufficient capacity to meet all the 
plant’s process heating demands without the heat pumps. These features would ensure that the process 
temperature demands could be met if the heat pumps could not be used for any reason. 
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Figure 4-4. Alternative 3A heating/cooling schematic 

The advantages and disadvantages of Alternative 3A are described in Table 4-4. 

 
Table 4-4. Advantages and Disadvantages of Alternative 3A 

Advantages Disadvantages 

• Lower GHG emissions and energy consumption 
• Low plant effluent cooling water flow during normal 

operation 
• Boilers can provide hot water over 170 °F for better 

struvite control in thermophilic heat exchangers 

• Large capital and space requirements for equipment 
• Large heat exchangers for sludge heating 
• Complicated control strategies to coordinate heat pumps and boilers 
• Anaerobic digester heat addition is limited by size and condition of the heat exchangers 
• Numerous hydronic pumps 
• Electric heat pumps are commercial grade with limited options 
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Alternative 3B: Electric heat pumps for heat recovery with high pressure steam boilers 
Alternative 3B is similar to Alternative 3A, except that steam boilers provide space heating and supplemental 
heat to the thermophilic digesters (Figure 4-5). Because the boilers and heat pumps are no longer on the 
same hot water loop, control of the two heat sources is simplified compared to Alternative 3A. A second 
advantage is the sludge steam injectors ensure that sufficient heat can be added to the thermophilic 
digesters. Because Alternative 3A only has heat exchangers for sludge heating, the heat that can be 
transferred into the digesters is limited by the size and condition of the heat exchangers. With steam 
injection, heat addition is limited only by the capacity of the boilers.  

 
Figure 4-5. Alternative 3B heating schematic 
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The advantages and disadvantages of Alternative 3B are described in Table 4-5. 

 
Table 4-5. Advantages and Disadvantages of Alternative 3B 

Advantages Disadvantages 

• Lower GHG emissions and energy consumption 
• Low plant effluent cooling water flow during normal operation 
• Multiple heating and cooling options 
• Separated heating systems for simplified controls 
• Boilers have longer lifetimes due to higher exhaust temperatures 
• Anaerobic digester heat addition is limited only by the capacity of the steam system 

• Large capital and space requirements for equipment 
• Numerous hydronic pumps 
• Electric heat pumps are commercial grade with limited 

options 

 

Alternative 4: Electric heat pumps only 
Alternative 4 (Figure 4-6) would use only heat pumps to meet the plant’s heat loads. Because the heat 
removed from the mesophilic digesters and gas upgrading process would not be sufficient to meet the peak 
heat demands, plant effluent would be used to cool the mesophilic digesters directly and as the heat pumps’ 
heat source. Heat from the mesophilic digesters would be recovered by the heat pumps indirectly through 
the plant effluent. 

 
Figure 4-6. Alternative 4 heating/cooling schematic 
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While this alternative could eliminate natural gas use for heating and eliminate costs associated with boilers, 
this alternative is not recommended for the following reasons: 
• The heating system relies exclusively on heat pumps. There is currently only one heat pump model that 

could produce the required hot water temperatures and utilize plant effluent as the heat source. If this 
heat pump model were to be discontinued, replacement parts and service could become unobtainable.  

• The heat pumps utilize R-134a refrigerant. If this refrigerant becomes unavailable for any reason, a 
suitable replacement refrigerant may not be available, and the heat pumps could become unusable. 

• The heat pumps are limited to output temperatures of 160 °F. If higher temperatures are temporarily 
required due to fouling in the heat exchangers or unexpectedly high process demands, the process heat 
demands would not be met.  

• Direct sludge cooling with plant effluent would be required. This would reduce performance of the heat 
exchangers and increase maintenance on them due to fouling on the water side of the tubes. 

Alternative 4 was not considered further. It was described here as an alternative that would eliminate boilers 
entirely, but the risks of doing so are unacceptably high.  

Alternative 5: Absorption heat pumps for heat recovery with hot water boilers 
Alternative 5 (Figure 4-7) is similar to Alternative 3A, except that direct-fired absorption heat pumps would be 
used in place of the electric heat pumps. Absorption heat pumps are available with larger capacities than 
electric heat pumps. One heat pump could provide all the design heating and cooling demands; two 
absorption heat pumps would be provided for equipment redundancy. The boiler would contribute heat to 
the main heat loop to make up any difference between the plant’s heat demand and the heat from the heat 
pumps.  

While electric heat pumps would only be able to generate hot water up to 160 °F, absorption heat pumps 
could generate hot water up to 170 °F. However, the chilled water loop could only be as low as 79 °F with an 
absorption heat pump.  
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Figure 4-7. Alternative 5 heating/cooling schematic 

 

The advantages and disadvantages of Alternative 5 are summarized in Table 4-6. 

 
Table 4-6. Advantages and Disadvantages of Alternative 5 

Advantages Disadvantages 

• Lower GHG emissions and energy consumption 
• Low plant effluent cooling water flow during normal operation 
• Multiple heating and cooling options 
• Separated heating systems for simplified controls 
• Absorption heat pumps and boilers can generate hot water up to 170 °F 

for better struvite control in the thermophilic heat exchangers 

• Large capital and space requirements for equipment 
• Complicated control strategies to coordinate heat pumps and boilers 
• Anaerobic digester heat addition is limited by size and condition of the 

heat exchangers 
• Numerous hydronic pumps 
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Section 5: Comparison of Alternatives 
Section 5 compares Alternatives 1A, 1B, 3A, 3B, and 5 described above, with respect to relative life-cycle 
costs and non-economic considerations such as GHG emissions, energy and water consumption, and 
operational considerations. Alternatives 2 and 4 are not included here because they were screened out in 
the previous section based on risk and/or poor operating experience at existing plants. 

5.1 Economic comparison 
This section compares the life-cycle costs based on the capital expenses (CAPEX) and 20-year operational 
expenses (OPEX) for each of the five heating system alternatives.  

5.1.1 Capital Costs 
A project’s CAPEX is typically a one-time expense that occurs at the beginning of a project and primarily 
consists of the following: 
• Construction costs including contractor overhead and profit 
• Purchase or upgrade costs for an asset 
• Engineering fees 
• Administrative and legal fees 
• Contingency 

CAPEX costs are included in this conceptual-level screening of technologies. Preliminary construction and 
associated building costs are included in the CAPEX to provide a fair estimate of all capital expenses relative 
to OPEX costs. For this analysis, CAPEX was estimated at three times the cost of the major equipment 
associated with each alternative; major equipment costs were based on quotes obtained from vendors 
(Table 5-1). Lesser equipment costs, such as pumps, water conditioning equipment, and steam 
management components, were not included in this evaluation.  

 
Table 5-1. Heating Equipment CAPEX  

Manufacturer Equipment Equipment cost, each unit 

Johnston/ST Johnson Boilers/Burners $130,825 

Daikin Electric Heat Pumps $99,520 

Broad Absorption Heat Pumps $293,000 

Gooch Thermophilic Heat Exchangers $100,000 

Gooch Mesophilic (Cooling) Heat Exchangers $115,000 

Hydro Thermal Steam Injectors $58,070 

 

For the electric heat pumps, the scroll compressors were assumed to have a life expectancy of 7 years. An 
additional future cost of $28,000 was included for the heat pumps to account for the cost of the 
replacement compressors. Heat pump service representatives have reported compressors typically lasting 
15 years, but these reports are for commercial duty applications. 
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5.1.2 Operating Costs 
O&M costs (OPEX) for a system are defined as the total cost to operate and maintain each piece of 
equipment that is part of the overall system. OPEX costs recur, typically at regular intervals, throughout the 
life of the system and include: 
• Electric power (used for boiler burners, hydronic pumps, and heat pumps) 
• Natural gas (used for boilers and absorption heat pumps) 
• Potable water (assumed to be used for steam boiler feed) 
• Chemicals and other consumables, including shipping and disposal 
• Labor 
• Maintenance contracts for boilers and heat pumps 

OPEX costs are related solely to the operation of the individual equipment items that make up a system. For 
this evaluation, an electricity cost of $0.08 per kWh and $7.00 per MMBtuh of natural gas was used. 
Potable water was assumed to be purchased at the current City rate of $2.80 per 1,000 gallons for boiler 
feedwater. Note that plant effluent could be used instead to significantly reduce the feedwater cost. 

Boiler and heat pump maintenance was assumed to be provided by the manufacturer service 
representatives. A boiler maintenance contract cost of $2,500 per boiler per year and a heat pump (either 
absorption or electric) service contract of $5,000 per heat pump per year was used; these service contract 
costs are comparable to service contracts for similar equipment at other WWTPs in the Northwest.  

5.1.3 Net Present Worth (Lifecycle Cost) 
Net present worth cost (NPW) is the total of a project’s costs in today’s dollars; it accounts for the time value 
of money. Another term used for NPW is lifecycle cost defined here as all costs related to a project are 
considered over a selected planning horizon (typically 20 years). Costs included in an NPW calculation 
include: 
• Capital costs for construction including engineering and design: Typically, these costs occur at the 

beginning of a project, but they may occur in future years if a capacity expansion or equipment 
replacement is required. 

• O&M costs: Occur every year and are generally uniform year-to-year, but also tend to increase over time 
due to increased power, chemical, and labor costs. 

Parameters required to prepare NPW calculations include unit costs for capital, O&M costs, a planning 
horizon, a discount rate, and an inflation rate. For this NPW evaluation, discount and inflation rates of 
5 percent and 3 percent respectively, were assumed. Construction was assumed to be complete in 2025; 
O&M costs were evaluated through 2045.  

Table 5-2 summarizes the CAPEX, OPEX, and NPW for the five evaluated alternatives. 
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Table 5-2. Economic Summary of Evaluated Alternatives 

Alternative Description CAPEXa,b Annual OPEXa,c 20-yr NPWa 

1A Hot water boilers, plant effluent cooling $1,570,000 $254,000 $5,440,000 

1B Steam boilers, plant effluent cooling $2,500,000 $252,000 $6,270,000 

3A Hot water boilers and electric heat pumps, closed loop cooling $3,210,000 $269,000 $7,130,000 

3B Steam boilers and electric heat pumps, closed loop cooling $3,610,000 $273,000 $7,570,000 

5 Hot water boilers and absorption heat pumps, closed loop cooling $3,720,000 $192,000 $6,440,000 

a. All values provided are in 2021 U.S. dollars. 
b. CAPEX includes equipment costs plus major future equipment replacement costs. 
c. OPEX includes electricity, natural gas, and potable water consumption costs, and annual maintenance contracts. 
 

Due to higher CAPEX and OPEX costs associated with the heat pumps, Alternatives 3A and 3B are projected 
to have higher NPWs than the boiler-only alternatives (1A and 1B). Alternative 5 is expected to have a lower 
OPEX than Alternatives 1A and 1B, but the higher CAPEX associated with the additional heat recovery 
equipment would result in an overall higher NPW than the boiler-only alternatives (1A and 1B). 

The NPW results in Table 5-2 are based on assumed natural gas, electricity, and financial rates. However, 
the relative order of NPWs (i.e., from lowest to highest) is not strongly influenced by these rates. The actual 
CAPEX values, which are gross estimates here, would have the most significant influence on the actual 
NPWs of the five alternatives.  

5.2 Non-economic Comparison 
In addition to the economic differences discussed in the previous section, the potential heating alternatives 
have different environmental and operational benefits and drawbacks that cannot be accounted for in a 
traditional economic sense. The following subsections evaluate Alternatives 1A, 1B, 3A, 3B, and 5 with 
regards to environmental and operational considerations. 

5.2.1 Environmental Comparison 
The alternatives were compared in terms of environmental impact by evaluating their energy and water 
consumption and expected annual GHG emissions. For this comparison, energy and water use and GHG 
emissions were calculated using the projected average plant sludge production rates of 134,000 gpd. 

For this evaluation, only fuel consumption and GHG emissions associated with heating fuel or electricity 
were considered. Physical equipment does have an associated fuel use and GHG emission associated with 
fabrication and shipment of the equipment; however, these values are usually insignificant compared to fuel 
required year-after-year for plant heating. 

Electricity consumption for the boilers, heat pumps, and heating/cooling pumps were considered. The fuel, 
electricity, energy, water consumption, and GHG emissions associated with the four candidate alternatives 
are provided in Table 5-3. Total factored energy is provided in Table 12 to show the relative total energy used 
by each alternative and provide a consideration for the higher utility of electricity compared to natural gas. 
To calculate total factored energy, the electricity consumed by each alternative is factored to account for the 
equivalent natural gas that would be required to produce it; a conversion efficiency of 40 percent from 
natural gas to electricity is assumed. 
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Table 5-3. Environmental Comparison of Evaluated Alternatives 

Alternative 1A 1B 3A 3B 5 

Electricity consumption, kWh/yra 250,000 80,000 1,760,000 1,760,000 400,000 

Natural gas consumption, MMBtu/yrb 39,000 40,000 19,000 19,000 25,000 

Total factored energy consumption, MMBtu/yrc 40,000 39,000 32,000 33,000 27,000 

GHG emissions, MT CO2 equivalent/yrd 2,050 2,100 1,200 1,200 1,350 

a. Includes electricity consumption by boiler burners, heat pumps, and hydronic pumps. 
b. Assumes boilers exclusively use natural gas; digester gas is used fully for upgrading. 
c. Total factored energy consumption is the equivalent total thermal energy consumed as natural gas assuming consumed electricity is generated by 

natural gas at an efficiency of 40%. 
d. Includes GHG emissions from burning fossil fuels and refrigerant leakage at 33% per year with a GWP of 1410. No GHGs are associated with the 

electricity consumed. 
 

The heat pumps associated with Alternatives 3A and 3B would significantly increase the plant’s electricity 
consumption but would reduce the plant’s natural gas consumption. Because the heat in the sludge would 
be reused for plant heating, the total factored energy consumption associated with Alternatives 3A and 3B 
would be about 15 percent lower than Alternatives 1A and 1B. The absorption heat pump used in 
Alternative 5 would use natural gas rather than electricity to recover heat from the sludge. As a result, it 
would have the lowest factored energy consumption. 

Because Post Point uses Puget Sound Energy’s green energy mix, there are no GHGs associated with the 
electricity that is consumed. As a result, alternatives with heat pumps (3A and 3B) have GHG emissions less 
than 60 percent of the boilers-only alternatives (1A and 1B). The heat pumps in Alternatives 3A and 3B 
would use R-134a refrigerant, which has a significant global warming potential. A leakage rate of 33 percent 
per year was considered in Table 5-3. This leakage rate is based on field experience with industrial chillers, 
but heat pump manufacturers claim that typical leakage rates for these specific heat pumps are less than 1 
percent.  

Even if refrigerant leakage is significantly higher (i.e., 100 percent), the reduction in natural gas use 
associated with the heat pumps would still result in a net decrease in GHG emissions compared to heating 
only with boilers. Because the absorption heat pump in Alternative 5 does not use refrigerant and reduces 
natural gas consumption, its reduction in GHGs is expected to be almost as high as Alternatives 3A and 3B. 

While the boilers could use digester gas produced at Post Point, it is assumed that all the digester gas would 
be upgraded to renewable natural gas because of the greater economic benefits associated with offsetting 
vehicle fuel rather than natural gas as a heating fuel.  

5.2.2 Operational Comparison 
Operational considerations such as maintenance requirements, future flexibility, and reliability are 
qualitative and are not accounted for in a traditional economic analysis. Operational considerations of the 
five potential alternatives are summarized here. 
• Footprint considers the size and quantity of equipment. Alternatives with large footprints result in more 

crowded equipment rooms. The alternatives with steam heating (1B and 3B) would have smaller 
footprints because there would be no thermophilic heat exchangers. Alternatives 3A, 3B, and 5 would 
have larger footprints than 1A and 1B because of the heat pumps. 
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• Risk considers the possibility that the heating/cooling systems will not operate as expected, resulting in 
higher operating expenses or stranded assets. All alternatives considered in this section would have 
sufficient reliability and redundancy that design heating and cooling demands would be met; however, 
they may not operate as cost- or energy-efficiently as intended. Both Alternatives 1A and 1B are well-
proven and have very low risk that they will not operate as anticipated. Due to the increased complexity 
and unique application of the heat pumps, there is higher risk that Alternatives 3A, 3B, and 5 will not 
operate as anticipated. If the heat pumps cannot achieve the required hot water temperatures, their 
energy recovery would be limited. If R-134a refrigerant becomes unavailable or prohibitively expensive, 
the electric heat pumps may not be useable.  

• Equipment and design commonality considers how common the equipment and heating/cooling 
alternatives are at WWTPs. Unique equipment and systems would make experienced service 
representatives and experienced operators more difficult to find. Alternative 1A is the most common 
heating/cooling configuration. Alternative 1B is somewhat less common because of the steam heating 
system. Alternatives 3A, 3B, and 5 would make Post Point’s heating/cooling system unique for a WWTP, 
but heat pumps are used for heat recovery in other industries.  

• Heating/cooling systems complexity considers the complexity of the automation to run the systems and 
the intuitiveness of how the system operates. Alternative 1A would have several pumps, boilers, and 3-
way valves that would need to be automated, but overall is a relatively simple system. Alternative 1B 
would avoid the need for many of the hydronic pumps. Alternatives 3A, 3B, and 5 would be significantly 
more complex because both the heat pumps and boilers would contribute heat to the thermophilic 
digesters and there would be additional automation required for the cooling hydronic loop. Alternatives 
3A and 5 would be particularly challenging from an automation standpoint because the heat pumps and 
boilers would need to work together to maintain a hot water loop temperature. 

• Future flexibility considers the ability of the heating/cooling systems to meet, or be modified to meet, 
unanticipated operating conditions. All alternatives would include boilers that could use digester gas or 
natural gas to accommodate future fuel markets. Alternatives 3A, 3B, and 5 offer the most flexibility 
because boilers or heat pumps, or any combination thereof, can be used for heating. Cooling can also 
be accomplished using the heat pumps or plant effluent. Alternative 3B in particular has significant 
flexibility because the heating system capacity is only limited by the size of the boilers rather than the 
size and condition of the heat exchangers. 

• Maintenance requirements considers the amount of maintenance required to maintain the 
heating/cooling systems and any specialized training required to maintain the systems. Alternative 1A is 
the most common WWTP heating/cooling system. The hydronic systems are simple, but the sludge heat 
exchangers require significant maintenance due to struvite buildup on the sludge side and 
scaling/fouling on the plant effluent side of the cooling heat exchangers. Alternative 1B would eliminate 
the thermophilic heat exchangers, but significant maintenance would still be required for the cooling 
heat exchangers and specialized maintenance would be required for the steam system. Alternative 3A, 
3B, and 5 would introduce a heat pump system that would need to be maintained.  

• Process safety hazards considers special safety procedures or hazards that would be associated with 
each of the heating/cooling systems alternatives. The alternatives with steam systems (1B and 3B) 
present more process safety hazards than hydronic systems. Alternatives with electric heat pumps (3A 
and 3B) have additional process safety hazards associated with the refrigerant leak hazards. 

Each alternative was given a relative rating for each of the considerations discussed above. The ratings are 
summarized in Table 5-4. Alternatives 1A and 1B have slightly higher overall operational ratings because 
these systems are more commonplace and are simpler. However, as discussed in the previous sections, the 
operational advantages need to be balanced with the economic and environmental considerations. 
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Table 5-4. Heating and Cooling Systems Alternatives Operational Comparison 

Alternative 1A 1B 3A 3B 5 

Criteria 
Hot water 

boilers, effluent 
cooling 

Steam boilers, 
effluent cooling 

Hot water boilers and 
electric heat pumps, 

effluent cooling 

Steam boilers and 
electric heat pumps, 
closed loop cooling 

Hot water boilers and 
absorption heat pumps, 

closed loop cooling 

Footprint + ++ - • • 
Risk ++ ++ - - • 
Equipment and design commonality ++ + • - - 
Heating/cooling systems complexity + ++ -- - - 
Future flexibility - • + ++ ++ 
Maintenance requirements • • -- -- - 
Process safety hazards ++ + • -- • 

Median score + + - - - 

Key: [ -- ] Significantly Unfavorable [ - ] Unfavorable [ • ] Neutral [ + ] Favorable [ ++ ] Significantly Favorable 

Section 6: Summary and Conclusions 
The TPAD process planned for Post Point will require a means of heating the thermophilic digesters and 
cooling the mesophilic digesters. The simplest and most common heating and cooling strategies at plants 
with TPAD processes are gas-fired boilers for sludge heating and plant effluent for sludge cooling, which are 
suitable for Post Point. However, integrating either electric or absorption heat pumps could recover the heat 
from the mesophilic digesters for the thermophilic digesters and thereby reduce Post Point’s energy 
consumption, lower GHG emissions, and reduce operating costs. 

On January 13, 2021, BC met with the City to discuss the preliminary findings of this TM. City staff provided 
the following input: 
• Steam systems should not be considered further due to safety and maintenance concerns 
• An alternative that offered GHG emission reductions, but did not have the lowest NPW, would still be 

considered, if the NPW was less than 20 percent higher than the alternative with the best NPW 

Based on this input, alternatives that required steam boilers have been eliminated from further 
consideration. A heat recovery alternative using hot water boilers and electric or absorption heat pumps 
could be recommended if there sufficient technical and environmental benefits. 

Electric heat pumps would most significantly reduce Post Point’s natural gas consumption and GHG emissions. 
However, electric heat pumps are limited to a few commercial models with hot water temperature limited to 
160 °F. In addition, the higher capital costs would result in an overall higher NPW than boilers alone.  

Industrial-grade direct fired absorption heat pumps are available from three manufacturers in the United 
States and can generate hot water up to 170 °F and chilled water down to 79 °F. Because the absorption 
heat pumps are fueled by natural gas, the reduction in GHG would not be as large as it would be with electric 
heat pumps. Absorption heat pumps are also significantly more expensive than electric heat pumps. 
However, they would significantly reduce annual operating costs such that boilers, when coupled with 
absorption chillers, would result in an NPW lower than electric heat pumps while being less than 20 percent 
higher than the boilers-only alternatives. 
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BC recommends incorporating Alternative 5–absorption heat pumps for heat recovery with hot water boilers 
with a closed cooling loop–into the Facility Plan. The advantages and disadvantages of Alternative 5 are 
summarized in Table 6-1. This alternative is more capital-intensive and would be more operationally 
burdensome compared to the other alternatives due to the additional equipment, maintenance, and 
complexity. However, the environmental benefits of Alternative 5 are much more favorable than the boilers-
only alternatives. 

 
Table 6-1. Advantages and Disadvantages of the Recommended Alternative (Alternative 5) 

Advantages Disadvantages 

• Lower GHG emissions and energy consumption 
• Low plant effluent cooling water flow during normal operation 
• Multiple heating and cooling options 
• Absorption heat pumps and boilers can generate hot water up to 170 °F 

for better struvite control in the thermophilic heat exchangers 

• Large capital and space requirements for equipment 
• Complicated control strategies to coordinate heat pumps and boilers 
• Anaerobic digester heat addition is limited by size and condition of the 

heat exchangers 
• Numerous hydronic pumps 

 

By incorporating Alternative 5 into the Facility Plan, adequate space would be provided for any 
heating/cooling considered in this TM. If capital resources become a limitation, hot water boilers and the 
plant effluent cooling loop could be installed for the present time, with space and future connections 
reserved for future heat pumps for heat recovery.  
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