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1.0 INTRODUCTIONS AND PURPOSE 
The most cost effective method to achieve energy efficiency is to make energy efficiency measures an 
integral part of the design for new and upgraded WWTFs and pumping stations. By integrating energy 
efficiency into the design of wastewater systems, the overall system efficiency can be optimized, 
resulting in greater overall energy efficiency and better overall operation of the system. Although there 
is still a benefit, the use of retrofit energy efficiency measures will typically never achieve the same 
impact. This EE Design Guidance is written to pair directly with the 2014 Env-Wq 700 Standards of 
Design and Construction for Sewerage and Wastewater Treatment Facilities (NHDES WW Design 
Standards).  

In addition to the specific recommendations provided in this document, there are many benefits of 
performing a comprehensive process energy evaluation and meeting with electric and natural gas utility 
representatives before starting a design project. These steps can help identify additional energy saving 
projects that may qualify for NHSaves incentives and help meet NHDES CWSRF loan forgiveness for 
energy efficiency criteria. Capitalizing on available energy efficiency incentives and loan forgiveness can 
help energy efficiency projects be more financially feasible and appealing to municipalities. 

As many of New Hampshire’s municipalities, WWTF staff and engineering design engineers are aware, 
NHDES has been working closely with NHSaves to maximize available incentives for WWTF and pumping 
station upgrades. NHSaves representatives must be initially involved in upgrade projects early in the 
design phase to secure commitments for available incentives. NHSaves incentives for municipal projects 
may be available for both electric and heating fuel energy efficiency projects. Typically, due to the 
complexity of WWTP and pumping station upgrades, the projects will commonly be considered “custom 
projects” which usually qualify for larger incentives than simpler “prescriptive” projects. In order to 
secure available incentives for a project, a written commitment must be received from the electric 
and/or fuel utility. To engage your utility, contact your utility Account Representative, or visit NHSaves. 

2.0 HOW TO USE THIS EE DESIGN GUIDANCE 
This EE Design Guidance was developed to provide energy efficiency recommendations that pair directly 
with NHDES WW Design Standards to improve the energy efficient design of pumping stations and 
WWTF upgrades.  

The EE Design Guidance format follows the same numerical sections of the NHDES WW Design 
Standards. Where appropriate and applicable, portions of the pertinent NHDES WW Design Standards 
have been included in italics to show their connection with the energy-efficiency related 
recommendations throughout EE Design Guidance Sections 3-13 below. When the specific NHDES WW 
Design Standard is cited in italics, the associated energy guideline recommendations will immediately 
follow under a subsection heading. Only those specific sections from the NHDES WW Design Standards 
that are directly related to the EE Design Guidance are included below. This EE Design Guidance is a 
supplement to the NHDES WW Design Standards, not a replacement of those standards. 

Section 14 of this EE Design Guidance includes systems not covered in the NHDES WW Design Standards.  
Section 15 of this EE Design Guidance includes guidelines for renewable energy. 

 

 

 

https://nhsaves.com/
https://nhsaves.com/
https://nhsaves.com/
https://nhsaves.com/
https://www.nhsaves.com/
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3.0 PART ENV-WQ 705 SEWAGE PUMPING STATIONS  

3.1 General Energy Guideline Recommendations for Pumping Stations  

The pump station design should consider how the selection of the pump station site configuration, 
structure and pump system selection impacts long-term energy use/energy costs. These 
considerations include: 

• pump system site and building construction.  
• pump types, pump controls and pump size. 
• flow and pump usage measurement. 
• pump station heating and ventilation. 
• emergency operation. 

Detailed descriptions for each of these areas are included in Sections 3.2-3.6 below. 

3.2 Energy Guideline Recommendations for Pump System Site & Building Construction 

• Where possible, pump station buildings should have an orientation with the longest wall 
length perpendicular to the south to benefit from natural solar heating and a potential 
future installation of a transpired wall collector (solar wall) and roof mounted solar 
photovoltaic (PV) panels. 

• Pump station square footage that requires heating should be minimized to reduce 
ventilation and heating costs. This is especially important for Class 1, Division 1 areas 
that may require high ventilation rates to comply with NFPA 820.  

• Including high “R” value insulation, energy efficient windows and doors and caulking and 
sealing requirements for all penetrations is one of the most cost effective way to reduce 
long term heating and ventilation energy costs for pump stations.  

• For outdoor pump systems equipped with fiberglass covers, the specification should 
include the insulated cover option that is available for cold climates.   

3.3 Sewage Pumping Station Design Requirements: Allowable Pump Types, Pump Controls 
and Pump Size 

 3.3.1 Env-Wq 705.03  

(a) The following types of sewage pumping stations shall be allowed: 
(1) Dry well/wet well type design with pumps and drives located in a 
separate dry chamber with flooded suctions; 
(2) Suction lift type with pumps and drives in a separate dry chamber; and 
(3) Submersible type with pumps submerged. 

(b) A minimum of 2 pumps, each designed to handle peak hourly flows, shall be 
provided. 

(c) Where 3 or more pumps are provided, they shall be designed such that, with 
any one unit out of service, the remaining units shall have the capacity to 
handle peak hourly sewage flows. 

(d) The use of jockey pumps shall be evaluated to optimize the efficiency of the 
pumping station operation. 
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3.3.2 Energy Guideline Recommendations for Pump System Type 
• Submersible pump stations with no above grade building (with the 

exception of an enclosure for the generators/electrical systems) typically 
have the lowest lifetime energy costs based on low heat/ventilation energy 
requirements. The energy saving benefit of submersible stations must be 
balanced with site-specific considerations for noise, odor control and 
aesthetics.   

• For stations with high operating hours (over 2,000 hours/year), and rated 
motor size over 20 horsepower, pump/motor efficiency becomes a greater 
factor to consider when selecting a pumping system.  

• Although suction lift stations are beneficial for staff to unclog pumps within 
a protected building or enclosure, the lower pump efficiency (compared to 
submersible or dry pit pumps) should be considered as part of a life cycle 
cost analysis. Worker safety when entering confined spaces should also be 
considered when making a final decision on pump station design. Additional 
considerations for pump removal and service should be incorporated in 
below grade systems. 

3.3.3 Energy Guideline Recommendations for Pump Sizing 
• When pumps are equipped with VFDs, the pumps should be selected to 

have the best efficiency point at a value close to the expected average flow 
instead of selecting the pump with a best efficiency point at the maximum 
flow point. The use of jockey pumps (pumps designed for low flows) can 
also be utilized to match low flow ranges efficiently. 

• For pump replacement upgrades, a system curve should be developed from 
actual field pressure measurements. Sizing the new pump based on the 
original total dynamic head (TDH) will not necessarily provide the most 
efficient pump selection since TDH can change over time.    

• VFDs are often specified to regulate flow for varying process considerations. 
When this is not the case, VFDs should only be proposed if the system 
frictional head is high enough to provide energy savings at reduced speeds. 
VFDs may also be cost effective for reducing motor electrical demand by 
programming the VFDs to operate at lower speeds until future higher flows 
are realized.  

• All VFDs should include easy to use menus that include a kW display. A 
simple graphic reference card mounted adjacent to the display is 
recommended to provide operators with instructions to make simple 
adjustments or clear faults. Sufficient I/O should be provided to enable the 
export of energy related data to a central monitoring station SCADA station 
where applicable. 
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3.4 Sewage Pumping Station Design Requirements: Flow and Pump Usage Measurement 

 3.4.1 Env-Wq 705.05 
(a) Sewage pumping stations with capacities of more than 250 gpm or equipped with 

variable speed pumps shall have continuous flow recording and totalizer capability. 
(b) Sewage pumping stations equipped with constant speed pumps with capacities of 

250 gpm or less shall have: 
(1) A running meter that indicates the cumulative running time of each pump; or 
(2) The continuous flow recording and totalizer capability as per (a), above. 

3.4.2 Energy Guideline Recommendations for Run Time Meters 

Run time meters should include the ability for the operator to reset the run time on a 
monthly basis (using one cumulative meter and one reset meter) to help track 
equipment monthly energy use. Alternatively, SCADA or other remote run time 
recording system can be considered for high energy use equipment to minimize 
confined space entries required to manually record and reset run time meters. 
Recording flow and kW readings when run time data is collected can be helpful to 
normalize the data and evaluate pump efficiency changes. 

3.5 Sewerage Pumping Station Ventilation Requirements 

3.5.1  Env-Wq 705.08 

(f) Ventilation of wet wells shall provide at least 30 air changes per hour if the ventilation 
system is operated intermittently, or at least 12 air changes per hour if the ventilation 
system is operated continuously.  
(k) The ventilation system of the dry well shall be capable of continuously providing at 
least 6 air changes per hour when the facility is occupied, and at least 3 air changes per 
hour when not occupied. 

3.5.2 Energy Guideline Recommendations for Pump Station Heating & Ventilation Systems 
• The heating and ventilation system design engineer should be part of the initial 

building design stage to ensure energy efficient building decisions and 
construction/insulation options are considered early in the design process to 
minimize heating and ventilation system costs. 

• Ventilation systems that have a maximum capacity to comply with NFPA 820 should 
include additional controls to allow staff to adjust the capacity/operation of the 
system. These airflow adjustments are discussed more in NFPA 820 Section 9.3. 
When ventilation systems are operated at a lower capacity, the air quality should be 
tested routinely to maintain a safe environment for staff and to avoid conditions 
that can degrade the building structure and equipment.   

• All wall/roof ventilation openings should include outside louvers and inside motor 
operated dampers with tight seal closure blades. The louvers should open when the 
ventilation system turns on but otherwise remain tightly closed. 

• VFDs should be considered for odor control system fans. Control systems can be 
equipped with timers to cycle between low and high VFD speeds/airflows over a 24-
hour period. The timer/speed adjustments can be automatically controlled based on 
parameters such as outside temperature that could impact the intensity of the 
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odors. This recommendation is best suited for small or medium pump station where 
the system balance for multiple areas would not be adversely affected. For some 
areas, NFPA 820 ventilation requirements should also be considered.  

• Guidance from the manufacturer is recommended to determine a minimum suitable 
airflow/pressure for each odor control system.  

• Unit heaters equipped with fans should be located in the corner of the room to 
project heat uniformly into the room. Each heater should include a wall thermostat 
capable of a 40°F minimum temperature setting. High/low knobs should not be used 
on any type of pump station heater. Small plug-in heated can be equipped with plug 
type line thermostats to maintain tight temperature control. Thermostats should be 
placed in a location that best represents the room space temperature. 

• Consideration should be given to using 100-watt electrical panel heaters instead of 
3000 to 5000-watt space heaters when only electrical system moisture protection is 
required. 

• For wetwell and drywell pump station space heating, consideration should be given 
to the use of outdoor air source heat pumps and wall surface mounted radiation 
heat to avoid expensive explosion proof electric unit heaters. 

• High kW duct heaters should not be used. 
• For large stations with over 20 kW in electric heat, a power demand load controller 

is recommended to shed electric heater operation temporarily when the pumps are 
activated.  

3.6 Sewage Pumping Station Emergency Operation 

3.6.1  Env-Wq 705.11 
(j) Alternatives to a generation set may be provided in the following circumstances: 

(1) Sewage pumping stations with capacities of 100 gpm or less may use wet well 
storage over and above normal operating system storage provided that: 
a. The additional wet well storage volume below all entering and exiting piping 
shall provide at least 6 hours of flow detention at average daily flow; and 
b. A suitable receptacle shall be included in the electrical supply panel for 
connection to a portable generator with manual transfer; and 

(2) For sewage pumping stations with duplex pumps, a standby engine drive system, 
which automatically starts on power loss to drive one pump may be furnished as an 
alternative to a permanent generator. 

3.6.2  Energy Guideline Recommendations for Pump Station Emergency Generators 

• Emergency generator block heaters should be maintained at the lowest 
temperature range acceptable to the manufacturer. Consideration should be given 
to specifying block heaters with circulating pumps and tight temperature controls 
that activate at 100 degrees and de-activate at 120 degrees. 

• Propane and diesel fuel should be the preferred fuel source over natural gas for 
emergency generators to avoid monthly utility charges that can amount to over 
$800 annually.  
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• Additional wetwell storage, portable generator connection or using private septic 
haulers is the preferred low energy solution during a power outage for small/low 
run time pump stations.  

• When a suction lift pump station is recommended, an engine drive option (noted in 
the DES standards) provides a cost effective alternative compared to installing an 
emergency generator with annual block heat energy costs that can exceed $1,000 
annually. This option typically requires a small portable generator for powering the 
controls/building system equipment. The disadvantage for the engine drive option is 
that only one pump is available for emergency operation. 

4.0 PART ENV-WQ 706 SITING OF WWTF - ENERGY GUIDELINE RECOMMENDATION FOR 
SITING OF WWTF BUILDINGS  
Where possible, WWTF site buildings should have an orientation with the longest wall length 
perpendicular to the south to benefit from natural solar heating and a potential future 
installation of a transpired wall collector (solar wall) and roof installations should be designed 
for potential future solar PV panels. Consideration of passive lighting, solar hot water, 
reflective/membrane roof materials, and additional roof load ratings for solar PV panels should 
be incorporated in design evaluations. 

5.0  PART BASIS OF DESIGN REPORTS  

5.1 Env-Wq 707.03 Basis of Design Report: Existing Facilities – Energy Costs 

(b) Current financial status of existing facilities, including: 
(1) Current rate schedules; 
(2) Annual operation and maintenance costs with a breakout of current energy costs; 

5.2 Energy Guideline Recommendations for Energy Use/Cost Breakdown in Reports 

A summary of monthly baseline energy use and costs should include peak electrical demand 
(kW or KVA) and associated costs. Data comparisons can be improved by normalizing the 
energy data with flow and changes in equipment operation. 

5.3 Env-Wq 707.03 Basis of Design Report: Existing Facilities - Audits 

(c) Water, energy, or waste audits and outcomes thereof, if applicable. 

5.4 Energy Guideline Recommendations for Energy Audits Performed 

Energy saving recommendations should be reviewed early in the design process. Retrofit 
energy saving projects or new construction projects with quantifiable energy savings should 
be submitted to the local electric and/or natural gas utility to determine if incentives can be 
provided. This action needs to be done before the project is included in the WWTF upgrade 
scope of work to qualify for incentives. 

5.5 Env-Wq 707.05 Basis of Design Report: Treatment Technology Options Considered - 
Sustainability 

(d) Sustainable utility management practice considerations, including: 
(1) Water and energy efficiency, including: 

a. Water reuse and conservation; 
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b. Energy efficient design to reduce electrical demand and minimize carbon 
footprint, including: 

1. Blower and pump sizing to provide energy-efficient operation at a full range of 
flow rates; 
2. Use of premium efficiency motors; 
3. Installation of heat recovery systems; and 
4. Use of biogas capture and reuse if digesters are proposed; 

c. Renewable energy generation, if applicable to the treatment technology option; 
and 

d. Water and energy usage of each option as compared to other treatment 
technology options; 

(e) Ultimate sludge disposal plans, including contingency plan as required by Env-Wq 716 for 
sludge stabilization, sludge thickening, and sludge dewatering; and 

(f) Estimates of capital and operating costs for each treatment technology option, including: 
(1) Construction costs; 
(2) Total project costs; 
(3) Average annual operation and maintenance costs over the life of the project; and 
(4) Energy costs. 

5.6 Sustainability Energy Guideline Recommendations for Basis of Design Report 

• Blowers, pumps and mixers should be sized to operate at the highest efficiency for 
current average flow conditions when possible. If VFDs are applied, they should serve a 
process function and operate within an efficient range documented by the engineer. 
VFDs should not be specified for the sole purpose of providing a soft start capability. 
Operating a VFD at full speed (97% efficiency) is less efficient than using a soft start 
(99.5% efficiency) or across the line starter (100%). 

• Heat recovery systems should only be specified when continuous ventilation must be 
provided. To operate a heat recovery supply and exhaust ventilation system 
continuously when outside airflow is not essential uses more electric energy and 
exhausts more building heat (small heat recovery systems typically recover 60% of the 
exhausted heat). A better option is to include VFDs/cycle controls on standard 
ventilation units to allow WWTF staff to adjust ventilation airflow. When adjusting 
ventilation, staff should establish a ventilation rate that provides a safe environment for 
staff when the space is occupied, and adequate ventilation to protect equipment and 
the building structure from corrosive gases.  

• Design engineers should consider that reduced airflow/air changes could alter the space 
classification under NFPA 820 requiring costly electrical devices rated for classified 
areas. 

• The power draw (kW) used for energy use/cost estimates should be based on the 
estimated operating equipment load. For example, power for centrifugal pumps can be 
estimated using the pump equation with average flow, total dynamic head (TDH), curve 
mechanical pump efficiency and motor/drive efficiency to estimate pump power draw. 
Projected operating hours can then be used to estimate energy use. Multiplying motor 
hp x 0.746 is not an accurate method.  
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• For energy costs, the unit costs for kWh and kW should be from a recent WWTF electric 
bill with no annual energy cost escalation used in the analysis (current dollars).  

5.7 Env-Wq 707.06 Basis of Design Report: Life Cycle Comparison of Treatment Technology 
Options 

For life cycle comparison of treatment technology options, the basis of design report shall 
include a description or analysis of: 
(a) Capital, operation and maintenance costs, including energy costs; 

5.8 Energy Guideline Recommendations for Project Cost Effectiveness – Life Cycle Comparison 

• Energy efficiency improvements are based on energy consumption savings (kWh 
reduction), natural gas, fuel oil and propane (unit savings), and energy demand (kW 
savings). A simple payback approach is typically adequate when energy savings can pay 
for the project within 10 years. A life cycle cost analysis approach is recommended when 
multiple improvement options are available or when comparing large-scale capital-
intensive projects for complete process system upgrades (e.g. dewatering process, 
biological treatment process). 

• The cost for an energy project should only include equipment/controls directly related 
to the energy efficiency improvement. Including the cost for redundant equipment, 
aging infrastructure/ electrical system upgrades or other improvements that do not 
have a direct impact on energy savings should not be included in the cost effectiveness 
review. This approach is agreeable to utilities when evaluating if an energy project 
qualifies for utility incentives. There may be occasions when varying size pumps/blowers 
may need to be paired up to achieve efficiency at different flow rates. For these 
equipment configurations, all the pump/blower units needed to handle normal system 
operation efficiently should be included in the analysis. 

6.0 PART ENV-WQ 708 ADDITIONAL WWTF REQUIREMENTS 

6.1 Env-Wq 708.08 Operation and Maintenance Manuals 

(a) Operation and maintenance manuals providing information and guidance for day-to-day 
operation of the WWTF shall be submitted to the department within 60 days following 
substantial completion of construction of the WWTF. 

6.1.1. Energy Guideline Recommendations for O&M Manuals 

O&M Manuals should include guidance to help staff operate equipment efficiently for 
each process. An additional “Process Optimization” section for each system can include 
the following: 

• Provide optional “high efficiency” modes of operation that can provide additional 
energy savings without compromising critical process capabilities. Examples include 
reducing or shutting off an odor control fan VFD speed during colder weather or 
extending mixer off cycle for a sludge storage tank. Including simple cost savings 
calculations can help WWTF staff determine if the system adjustment is worthwhile.  

• Discussion of how alternating equipment operation can reduce the peak electrical 
demand can also be included. In some cases, a control system SCADA feature can be 
included to automatically shed/delay non-critical equipment operation (such as 
adjusting grit pump cycling). 
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• Provide details on what process data can be collected to benchmark the efficiency 
of each process on a regular basis. 

• Include the performance curve for major equipment and discuss how varying 
conditions will impact equipment efficiency. 

• Provide guidance on how to operate each VFD efficiently (such as min & max 
operating range) and navigating VFD menus. 

• Discuss importance of collecting monthly equipment run time data. 
• Provide guidance on how to navigate energy submeter menus. 
• Include examples of how energy use data can be recorded, and used to evaluate 

system efficiency. 
The engineer is encouraged to offer standard operating procedures (SOPs) based on 
what is learned during the equipment commissioning/start-up, process optimization 
efforts, and how system operation relates to energy and other O&M costs. When SOPs 
are developed, they should include details on system optimization and energy use 
estimates for various operating modes.  

6.2 Env-Wq 708.15 Instrumentation and Control Requirements 

Any supervisory control and data acquisition (SCADA) system included in the design shall 
have the following minimum capabilities: 

(a) Air flow rate and flow pacing of blowers; 
(b) Alarm generation and history; 
(c) Influent flow history and trending; 

(d) Dissolved oxygen history and trending; 

6.2.1 Energy Guideline Recommendations for SCADA System Enhancements 
The majority of WWTFs are equipped with basic SCADA systems used to display run 
time/flow/process data (visually on a system schematic screen) and control certain 
processes remotely. Additional screens that summarize equipment run time and process 
data graphs over a selected interval (day/week/month) will help staff optimize each 
process. In addition, including a process historian can provide ready access and 
download of SCADA data for process evaluations and reporting. Examples of specific 
control system features include: 

• The ability to display an average value of a selected process interval for a trended 
data screen. For example, most SCADA systems can provide a trend graph of process 
variables for a week or month along with a control chart feature to help identify 
abnormalities. If the average value of the trended display can also be displayed on 
the screen below the graph, operators can use this information to determine 
average values for historical trend charts to develop a baseline system operation. 
This provision should also allow the operator to exclude inactive equipment 
operation data from the trended data. 

• A screen that displays equipment run time is a standard feature for most WWTFs. 
However, the run time display is typically a cumulative value from when the system 
was initially installed. Including interval run time (such as a reset column next to a 
cumulative column) could be included as part of a SCADA system design at a 
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minimal cost. This feature could include an automatic monthly, weekly or daily 
reset. 

• Field instrumentation for flow, pressure, and process data is extremely useful to 
evaluate equipment efficiency and optimize equipment operation. Examples of 
instrumentation for high energy systems include: 

• High energy aeration/biological systems: Energy submeter (specifically for the 
blowers), dissolved oxygen levels for each tank, and blower airflow meters for each 
tank grid (with additional meters needed if air is shared with another process). 

• Influent & RAS pump systems: Energy submeters (specifically for the pumps), 
pressure transmitters and system flow meters provide the information needed to 
evaluate pump system efficiency. For VFD equipped pumps (>10 hp), the kW value 
displayed on the VFD can be used for instantaneous energy monitoring. When 
pressure gauges are not practical, piping taps/shut-off valves can be included for 
future portable instrumentation use. 

• Plant water pump system: In addition to activating pumps, transmitting system 
pressure from a local PLC based pressure control system to a central SCADA system 
can provide additional control capability such as maintaining a higher system 
pressure only when certain systems are on-line (i.e., intermittent high pressure for 
dewatering spray water systems). 

6.3 Env-Wq 708.15 Instrumentation and Control Requirements 

(e) Power monitoring for main process pumps and motors and blowers and motors, including 
at a minimum the ability to monitor: 

(1) Power factor data at equipment startup; 
(2) Total harmonic distortion; and 
(3) Total energy usage; 

6.3.1 Energy Guideline Recommendations for Energy Submeters 
It is becoming more common to install energy submeters for multiple sub panels or 
high-energy systems with the intention of providing accurate energy use data. 
Unfortunately, the meters are typically not used by facility staff due to complicated 
menus and no guidance provided as part of the project commissioning, O&M manuals 
or SOPs are helpful to train facility staff, and sample templates demonstrate how the 
data can provide useful trends that would help evaluate system efficiency.  
To enhance this effort, the following design changes are recommended: 

• Install kWh/kW meters for each MCC and each major process. For example, 
monitoring energy use specifically for the influent pump system will allow facility 
staff to evaluate energy use compared to total flow pumped. If energy use 
increases, it will help identify if pump efficiency has decreased, or if controls need to 
be adjusted to optimize pump/VFD operation. The key factor is to be able to assess 
system efficiency by benchmarking energy use with a process variable. 

• Specify simple meters that provide instantaneous kW and cumulative kWh. Having 
the ability to activate and deactivate demand/energy use data collection for 
trending is also a useful feature. Electric submeter data can be integrated into 
facility SCADA systems with additional trending/monitoring capabilities. 
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6.3.2 Energy Guideline Recommendations for Power Factor Correction 
In addition to reducing energy consumption and peak demand costs, a new or upgraded 
electrical system design provides the opportunity to improve the facility’s power factor.  

Power factor is defined as the ratio of real power (kW) to apparent power (kVA) or PF = 
kW/kVA. In a purely resistive circuit, such as an incandescent light, the two are equal 
and power factor is unity or 1.0. In a circuit with inductive loads such as an AC induction 
motor, there is reactive energy present (kVAR) and apparent energy (kVA). This 
relationship can be compared with the following equation kVAR =  kVA2 – kW2. As 
power factor decreases, the kVA value increases more than the real energy (kW). When 
the power factor is below a value specified on the utility rate schedule (usually 0.85), a 
penalty may be added to the bill.  

The majority of electric accounts at New Hampshire WWTFs are not penalized for poor 
power factor. However, there are some electric utilities/rate schedules that include this 
penalty by using kVA instead of kW to calculate demand costs.  

Facilities that have poor power factor, can improve electrical system efficiency by 
adding capacitance directly to the power terminals for individual motors or at the main 
distribution bus to improve power factor for groups of motors. The capacitors will 
increase kVAR, to bring the power factor closer to unity (1.0). This investment typically 
has a fast payback (2 to 3 years). As an alternative to capacitors, pulse width modulation 
(PWM) AC variable frequency drives can also provide the additional benefit of improving 
displacement power factor to avoid utility penalties. VFDs provide this benefit since the 
motor reactive current is supplied by a DC bus rather than directly from the power 
system.  

7.0 PART ENV-WQ 709.03 GRIT REMOVAL FACILITIES 
Grit systems are typically not high-energy use system since the equipment is often low 
horsepower (collector drives) or operated intermittently (grit pumps). However, aerated grit 
systems require the continuous operation of a blower to keep the organics suspended as flow 
passes through a grit chamber. VFDs should be considered for aerated grit blowers over 5 hp to 
adjust airflow automatically based on influent flow. This has been used successfully at several 
New England WWTFs. 

8.0 PART ENV-WQ 710.03 EQUALIZATION TANK AERATION AND MIXING 
Flow equalization systems should be designed with the flexibility to have all the equipment off 
line until the system is required for a high flow event. To handle the stored flow efficiently, 
mixers and blowers should be equipped with VFDs that automatically vary equipment capacity 
based on tank level and/or cycle timers for intermittent mixing. 

9.0 PART ENV-WQ 711.01 PRIMARY SETTLING TANKS  
From an energy perspective, the primary treatment process can be one of the most important 
systems in the WWTF. The higher the BOD removal efficiency of the primary clarifiers, the lower 
the energy needed for the high-energy biological process. In addition to reducing the organic 
process load, increasing the primary to secondary sludge ratio can improve digester 
performance and dewatered cake. 
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Short-circuiting or areas of turbulent flow can cause lower than normal removal rates. 
Peripheral and mid radius baffles (for circular tanks), influent baffles, mid-tank baffles and end 
weirs (for rectangular tanks) have been used at many WWTFs to improve BOD removal and 
reduce secondary treatment energy use. As part of a large upgrade project, these additions have 
a minimal cost/maintenance impact and can improve the efficiency of the treatment process 
over the life of the WWTF. 

10.0 PART ENV-WQ 712 CHEMICAL COAGULATION FOR PRIMARY AND SECONDARY 
SETTLING TANKS  
Low tech/low cost baffling can be considered in conjunction with a specified chemical 
coagulation system to minimize chemical use and associated energy delivery costs. 

11.0  PART ENV-WQ 713 SUSPENDED GROWTH BIOLOGICAL TREATMENT 

11.1 Env-Wq 713.03 Activated Sludge: Aeration System Performance Requirements 

(a) To allow for increased energy efficiency in WWTF operation through the expected life of a 
WWTF, the owner shall: 

(1) Provide multiple blowers for diffused air systems that are sized to: 
a. Meet the current facility peak aeration demand; 
b. Meet turndown requirements as described in (b), below; and 
c. Avoid over-aerating at current daily minimum flows; 

(2) Conduct an energy evaluation to determine the optimum blower sizing, turndown, 
and staging; 
(3) If current peak aeration demands are below peak design aeration demands, provide 
sufficient blower capacity to meet current peak aeration demands while ensuring that 
blower rooms are large enough to accommodate the blower configuration necessary to 
meet peak design demands; 
(4) Demonstrate financial capacity or set up a reserve account to set aside the estimated 
money required to install additional blowers when needed to meet increased peak 
aeration demands; and 
(5) Arrange blowers in such configuration and capacities as to meet the current peak 
aeration demands with the single largest unit out of service. 

(b) The aeration system shall be designed to: 
(1) Have sufficient turndown capability that does not extend beyond the efficient 
operational range of the blowers, when using multiple same-sized blowers or staging 
with multiple varied sized blowers; 
(2) Not over-aerate or require blowing off excess air at initial year minimum flows; and 
(3) Operate most efficiently at average organic loading conditions. 

11.2 General Energy Guideline Recommendations for Aeration System Optimization 

As discussed above, the NHDES Design Guidelines stress the importance of not oversizing 
blowers. Having a blower sized to maintain a low dissolved oxygen level for existing 
flows/process loads is a design decision that has a significant impact on long-term WWTF 
efficiency.  
For aeration systems equipped with fine bubble diffusers, the system design can include 
diffusers matched to existing flows to provide a reasonable diffuser density with additional 
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heads/blanks available for future peak loads. This will allow airflow to be reduced at low 
flows without compromising minimum diffuser airflow values. When DO set points are met 
with minimal airflows at the effluent end of the aerobic process, airflows for adequate 
mixing should also be considered. Proving guidance on minimum airflows (for mixing and 
calculated low process loads) in the O&M manual will help operators understand the 
original design intent. 
Airflow meters and dissolved oxygen probes for each tank provides staff with the ability to 
evaluate blower and diffuser performance under different operational conditions. 

11.3  Env-Wq 713.06 Oxidation Ditches 

 General Energy Guideline Recommendations for Oxidation Ditches 

Oxidation ditch system equipment includes mechanical aerators or fine bubble aeration 
grid/blower systems, supplemented with large propeller type mixers. Both systems can be 
equipped with VFDs and DO control system to reach similar efficiency levels. For mechanical 
aerator systems, seasonal weir adjustments should also be included to optimize the 
equipment operation. 

11.4 Env-Wq 713.07 Sequencing Batch Reactors 

 General Energy Guideline for Sequencing Batch Reactors (SBRs)  

SBR batch type systems include cycling mixers, blowers and waste sludge pumps for 
biological treatment. The blower systems typically use fine bubble diffusers and DO controls 
to match blower airflow with process requirements. The full speed mixers are designed for 
the highest tank volume, operate more hours than the blowers and can have a significant 
impact on WWTF energy use. 

Some WWTFs have changed the mixer programming to shut off the mixers when the blower 
airflow is available for mixing. Equipping the mixers with VFDs can also be used to adjust 
mixer speed since most WWTFs operate at a lower tank level with less volume compared to 
the design capacity. The VFD speed can be automatically controlled based on level or 
manually adjusted by staff. 

SBR systems with pump venturi aeration systems should also include VFDs to provide staff 
with the ability to fine-tune the pump flow to optimize equipment operation. The 
optimization can be based on lower pump speeds during the mix cycles if the basin level is 
lower than the design level and potentially during the aeration cycle if the pump is slightly 
oversized (with consideration for the potential impact on SOTE). 

11.5 Env-Wq 713.09 Aerated Lagoon Design: Aeration Equipment 

 General Energy Guideline Recommendations for Aerated Lagoons  

The use of mechanical aerator cycle timers and DO controls for VFD equipped blowers 
provide the best opportunity to optimize system operation. For oversized systems, it may be 
cost effective to have automatic control valves alternate diffuser chains on a daily basis to 
allow the blowers to be reduced to lower levels without operating below minimum diffuser 
airflows.  
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Solar powered mixers have been used successfully at many WWTFs. However, these 
systems should be evaluated as part of a life cycle cost analysis that includes annual service 
fees. 

12.0  PART ENV-WQ 715 DISINFECTION 
The NHDES Design Guidelines allows the use of Ultraviolet (UV) or sodium hypochlorite 
disinfection/ sodium bisulfite dechlorination. Sodium hypochlorite/bisulfite system equipment is 
typically a lower energy use option. However, plant water requirements for carrier water, 
chemical transportation costs, safety precautions, O&M associated with chemical feed systems, 
necessity to keep the bulk chemicals from freezing, and the potential environmental impact of 
each option should also be considered. 

Hydraulic chemical mixing can be accomplished as part of the chlorine contact tank design. If a 
mechanical mixer is required for chemical mixing, it should include a VFD to allow the operator 
to manually adjust mixer capacity to the minimum level needed for suitable mixing. 

The most important energy related issue observed for UV systems is the need for reliable 
controls to modulate system output based on dose pacing and the ability to vary the number of 
on-line banks based on flow. From an energy perspective, having suitable controls that could 
adjust UV system capacity to the process requirements is far more significant than focusing on 
component efficiency. 

UV systems are not typically matched well for SBR systems. Some UV manufacturers 
recommend that the banks are continuously operated at minimum levels and ramped up when 
the SBR cycle periodically discharges effluent. This results in one bank on line (typically at 50 to 
60% capacity) 100% of the time even though flow is discharged periodically. With the higher slug 
flow rate for some SBR systems, it is also necessary to maintain a greater UV capacity for the 
higher flow rates. Equalization tanks can be used to minimize the impact of slug flows. 

13.0  PART ENV-WQ 716 SLUDGE HANDLING AND DISPOSAL 

13.1 General Energy Guideline Recommendations for Sludge Handling & Disposal  

Various equipment technologies are available for the wastewater solids handling system. 
When a new system is considered, it is important that in addition to direct energy 
comparisons of the equipment, other indirect energy costs for hauling volumes/costs, 
tipping fees, chemical, odor control, and plant water system energy use should also be 
factored into the life cycle cost analysis. Although many sludge handling projects are 
upgrades that make use of existing available building space, when new building construction 
is required, the energy savings benefits of more compact sludge handling systems (that 
include lower heating/ventilation energy cost) can reduce long term costs.  

The amount of equipment and associated maintenance costs for solids handling systems 
vary considerably. Contrary to popular belief, high horsepower centrifuges may not use 
more energy (kWh) than low horsepower belt filter presses, rotary presses or screw presses, 
depending on hours of operation, motor loading and plant water energy use. A more 
accurate energy cost assessment should include peak electric demand costs in addition to 
energy consumption.   

An energy analysis based on projected operating motor loadings is a better approach than 
using equipment motor horsepower since motors with VFDs may operate at lower motor 
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loads. With many dewatering systems operating less than 1000 hours annually, a sludge 
holding tank mixer or blower operated continuously may use far more energy (kWh) than 
the actual dewatering process.  

Minimizing the need for sludge holding tanks is the ideal approach to reduce system energy 
use, if tanks are needed; one of the best opportunities for energy savings is to include timer 
controls and VFDs for the sludge holding tank mixers/blowers. Simple low cost controls have 
been used at many WWTFs to minimize sludge storage energy usage.  

13.2 Env-Wq 716.06 Anaerobic Sludge Digestion Tanks 

 General Energy Guideline Recommendations for Anaerobic Sludge Digesters 

Anaerobic digesters are used to reduce the sludge volume, achieve a Class A or B sludge and 
destroy pathogens. For many WWTFs, the original design expectation is that these systems 
will generate enough digester gas to provide adequate fuel for the digester heating system 
to maintain the sludge at approximately 95° F (for a mesophilic process). Depending on the 
size and process load of the WWTF, the system may provide the opportunity to use the 
excess digester gas for heating site buildings. There is only one WWTF in New Hampshire 
that has taken this a step further and installed combined heat and power (CHP) systems to 
use the digester gas for electric power generation. 

Over the years, numerous articles and papers have suggested that anaerobic digesters with 
CHP are a worthwhile investment. Unfortunately, these documents do not provide specific 
cost-benefit data to go along with the recommendation. Many WWTFs have invested 
millions of dollars into these systems only to realize that the high operating/maintenance 
costs and supplemental fuel costs do not justify the benefit. This occurs most often with 
small WWTFs that do not have large enough process loads to support the process. Some of 
the details that need to be considered include: 

• Digester gas can be burned in boilers with simple pretreatment equipment. However, 
before it can be used in a CHP system, the gas must be conditioned with a more 
extensive process. A CHP system is more complex and will have much higher O&M 
costs. 

• After the gas has been used in a CHP system, approximately 50% of the energy content 
may be available for waste heat. Given that less digester gas is available for direct 
digester heating, it may be more difficult to maintain digester heating without using 
supplemental fuel.  

• To make the CHP process viable, WWTFs are encouraged to take in more fats, oils, and 
grease to help digester gas production. Unfortunately, this also increases maintenance 
and energy use for other process systems. 

Before anaerobic digesters and/or CHP systems are recommended for a WWTF, a detailed 
life cycle analysis should be performed with an emphasis on energy use and maintenance 
costs for all WWTF systems. 

14.0 ENERGY GUIDELINE RECOMMENDATIONS FOR SYSTEMS NOT INCLUDED IN THE NHDES 
DESIGN STANDARDS 
With the exception of a NFPA 820 reference for ventilation rates, odor control and building 
systems are not discussed in the NHDES WW Design Standards. Given that these systems can 
have a significant impact on energy use, energy design guidelines have been included below. 
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14.1 Odor Control Systems 

Scrubber and carbon type odor control systems typically include a blower that is operated 
continuously during all or part of the year. The operation of these systems can result in 
significant energy use that includes fan motor energy use and heating fuel costs for 
conditioned areas that are continuously exhausted at high airflows. Some manufacturers 
have equipped their blower units with two-speed fans to provide a low speed energy saving 
option, but to provide additional flexibility and energy savings, many WWTFs in New 
England have installed variable frequency drives.  

Odor control systems are often arranged to serve multiple areas. Some areas like sludge 
holding tanks require continuous airflow, but the volume can be adjusted seasonally when 
cold temperatures decrease biological activity and odors. Dewatering and thickening rooms 
can also be adjusted to lower airflow rates when sludge is not being processed in these 
areas. A dual fan/duct system may be a worthwhile consideration to optimize system 
operation. 

When systems include SCADA control capabilities, WWTF staff can vary system operation by 
adjusting the VFD speed at operator selected times (such as when the dewatering process is 
not operated), during evening hours or based on outdoor temperature to optimize system 
operation.  

14.2 Building Envelopes  

At its simplest definition, the building envelope is the physical separation between 
conditioned and unconditioned spaces. This includes all parts of the building exterior 
(windows, walls, doors, roofs).  

The opportunity to include additional high “R” value insulation, energy efficient windows 
and doors and to include caulking and sealing requirements for all penetrations is the most 
cost effective way to reduce long term energy costs for WWTF buildings. An important 
consideration is to balance the cost of additional insulation with the ventilation 
requirements for each type of building. For example, some building infiltration to 
supplement the ventilation requirements in the headworks area (that can also be 
maintained at less than 50 degrees) is typically beneficial for this type of environment 
compared to a Maintenance Garage or staff offices with higher space temperatures and 
lower ventilation requirements.  Information related to incentives for building envelopes is 
available at NHSaves. 

14.3 Building Systems  

Building systems include all non-process systems such as heating and ventilation equipment, 
air conditioning systems (HVAC), lighting and miscellaneous equipment. In some cases the 
building system energy use will be affected by process changes (such as changing the airflow 
rate of an odor control system).  

14.3.1 Lighting 

Lighting does not usually represent a significant portion of the energy use at a WWTF. 
However, most WWTFs take advantage of lighting audits through the electric utility to 
upgrade their lighting periodically. Design engineers should always make an effort to use 
the latest proven technologies such as LED lighting, programmable controls and 

https://nhsaves.com/
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occupancy sensors. An inventory of all lighting, wattage and hours should be done 
during the design phase to provide a baseline of energy use that will help WWTFs 
qualify for electric utility incentives. When feasible, solar tubes, windows and skylights 
can also be considered to supplement lighting systems.  Information related to 
incentives for lighting upgrades is available at NHSaves. 

14.3.2 Heating Systems 

Most WWTFs have multiple site buildings with independent heating systems. Ideally, 
the buildings have separate meters (for natural gas systems), separate propane bills, or 
separately tracked fuel oil bills to accurately track energy usage for each building and 
raise energy use awareness. 

For WWTF upgrades that include new process/maintenance buildings, key areas that 
can be considered as part of heating system designs include: 

• Some process systems may not need heated buildings. Using low cost 100-watt 
electric panel heaters are very effective to protect electrical panels without heating 
the entire space. 

• An oversized process area will require more airflow to meet code requirements and 
result in higher heat loss. Designing these areas with low ceilings and maintaining 
separation from other non-classified areas will reduce ventilation and heating costs 
with consideration to provide ample headroom for equipment 
removal/replacement. 

• Maintenance buildings can be designed with separate heated/unheated bays to 
allow for cold storage. In heated bays, water piping can be heat traced and insulated 
to allow for low room temperatures.  

• The corrosive environment for some WWTF areas takes its toll on heating units, 
thermostats, fan systems, and other electrical or electronic systems. This is an 
important area that needs to be addressed as part of all WWTF upgrade projects. As 
discussed for the collection system pump stations, the following alternative heating 
system designs should be considered: 

• Instead of specifying expensive explosion proof electric unit heaters for Class 1, 
Division 1 areas, an alternative approach is to use surface mounted insulated 
radiant type piping/panels for the walls or ceiling. Using a high efficiency hydronic 
boiler in a separate adjacent unclassified room allows hot water piping to be 
circulated through the radiant heating in the adjacent room to provide space 
heating. This type of design allows all electrical mechanical equipment to be placed 
in unclassified areas and the opportunity to use lower cost fossil fuel for heating. 
Outdoor heat pumps can also use this approach when the unit is configured with a 
circulating pump in the outdoor heat pump cabinet.   

• Matching the heating system output with space heating needs is a key part of 
optimizing WWTF and pumping station operation. This includes low temperature 
thermostats for process areas; temperature reset controllers that reduce boiler 
temperature set points based on outside temperature, and programmable setback 
thermostats for office areas that can automatically be increased before staff arrives 
in the morning. Large WWTFs may benefit from a full energy management system.  
However, for the majority of WWTFs, the inability to make simple adjustments 
without programmer assistance is not ideal for system optimization by WWTF staff.  

https://nhsaves.com/
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For medium and small WWTFs, individual thermostat controls that can be adjusted 
by staff is the most effective approach. 

• Radiant type heaters can be considered for large process areas to direct heat where 
it is needed, but inexpensive unit heaters with wall-mounted thermostats are 
typically adequate to provide low temperatures (40 to 50 degrees) for unoccupied, 
small process rooms. 

• High efficiency heating systems that include condensing boilers, heat recovery 
systems, solar walls and effluent source heat pumps are worthwhile to consider, but 
tight temperature and ventilation controls are the highest priority for maintaining 
low energy costs.  

• Information related to incentives for heating system upgrades is available at 
NHSaves. 

For WWTFs with anaerobic digesters, the supplemental fuel used for the digestion 
process may get blended together with supplemental heating fuel oil, which makes it 
challenging to determine the fuel use breakdown. Upgrades should include enough 
gas/fuel oil metering to help staff continually evaluate system efficiency. 

WWTF staff should also view digester gas as a fuel that is just as valuable as natural gas 
or fuel oil. Even though the heating value of digester gas is less, for every 500 cubic foot 
of digester gas approximately 300 cubic foot of natural gas or 2 gallons of fuel oil could 
be saved in supplemental fuel or for heating costs (if the digester boiler is also used for 
space heating). 

15.0 ENERGY GUIDELINE RECOMMENDATIONS FOR RENEWABLE ENERGY  
Renewable energy is often pursued by municipalities to reduce WWTF energy use. Solar PV 
panels are typically the most popular choice. However, the long simple payback of most 
renewable energy systems should only be considered after, or in conjunction with, a 
comprehensive review of all process efficiency improvements. When a WWTF optimizes the 
existing process and building systems, the opportunity exists to use the realized savings to help 
offset the costs for renewable energy projects.    

A brief summary of the most common renewable energy projects (as they may relate to 
WWTFs) is provided below. This commentary is based on current equipment costs and utility 
rates and should be re-evaluated periodically. 

15.1 Solar PV Systems 

Solar PV panels have been installed at multiple New Hampshire WWTFs. Some 
municipalities have contracted with firms that install the systems with no upfront costs if 
the municipality agrees to a long term purchase contract at reduced kWh rates (when 
compared to utility default rates). Other approaches include design work and installation 
with local contractors or working with national solar panel firms.  A summary of the solar PV 
systems installed through 2020 is included in the 2020 Wastewater Solar Array Summary 
Document. 

15.2 Transpired Solar Wall Collectors 

A transpired solar collector consists of a thin, metal panel mounted a few inches off a south-
facing wall, which creates an air cavity that absorbs the sun's heat as air passes through the 
small holes in the panel. A space behind the perforated wall allows the air streams from the 

https://nhsaves.com/
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-wwtfsolarcasestudies.pdf
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-wwtfsolarcasestudies.pdf
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holes to mix together. The heated air is then pulled out from the top of the space into the 
building. These “low tech” solar projects work well at WWTFs and can have a simple 
payback of less than 10 years, without grants, if installation can be done with in-house 
staff/local contractors. 

15.3 Wind Turbines 

Wind is also a popular option discussed by municipal officials. However, even with an ideal 
location these systems are only cost effective with significant grants.  

15.4 Hydro Turbines 

Hydro turbines can be an opportunity for a municipal water system with high elevation 
reservoirs. The combination of constant flow and high pressure that would otherwise need 
to be reduced with pressure reducing valves is an ideal system for a small hydro turbine 
application. However, these projects still have high simple paybacks. A WWTF may have 
significant discharge flows, but with minimal head. Based on these parameters, it is difficult 
to financially justify a hydro turbine installation. 
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