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Description 
An electric wellsite configuration typically includes a well control system, a power supply (grid or off-
grid) and a variety of electrically-driven controllers, valve actuators, switches and pumps. The use of 
electrical pumps and electric controllers eliminates methane emissions associated with pneumatic 
equipment. Typically, a well electrification project includes electrification of almost all wellsite 
components, except for certain emergency shutdown valves that may continue to use a pneumatic 
supply or hydraulics for safety reasons, and building heaters that burn a small amount of natural gas or 
propane.  

Few wellsites are connected to grid electricity. The high cost of connecting small wellsite electrical loads 
to the grid and the long lead times to connect to the grid often make it uneconomic or infeasible to 
electrify sites with grid power. Therefore, this document assumes an off-grid configuration. Where grid 
power is available for wellsites with larger electrical loads, wellsite electrification costs are reduced 
because a power supply is not required. 

A fully electric (off-grid) well control system package typically features the following components: 
• Control Panel – Canadian Standards Association (CSA) Class 1, Division 2 certified programmable

logic control (PLC) system integrated for process control and emergency shutdown (ESD)
functionality with optional Modbus communication protocol and all electronics rated for -40°C;

• Solar photovoltaic panels and batteries, engineered to meet 10 days of reserve at -40°C with an
average of two hours of sunlight per day. Typical systems may include:

o Two to four 140 Watt solar photovoltaic (PV) panels;
o Four to eight 12 volt batteries, each 100 amp-hours;

• Emergency shutdown (ESD) system consisting of pressure switches, level switches and a hydraulic
or pneumatic fail-safe actuator with low power solenoid;

• Level control system – electric explosion proof dump valve for two (gas-water) or three (oil-water-
gas) phase separator with displacement or float style level control;

• Pressure or flow control system – proportional–integral–derivative (PID) controlled explosion proof
electric actuator with choke valve; and,

• Electric explosion-proof pump(s) for injection of methanol, corrosion inhibitor, or other chemicals
into the wellbore or into pipelines.

• Optional auxiliary power supply such as a 50-200 watt thermoelectric generator (TEG) or a similar-
sized fuel cell. To reduce costs, solar photovoltaic (PV) and batteries are preferred, and auxiliary
power systems are only used where necessary.

The entire system is direct current (DC), eliminating the need for inverters. The electrical loads (pumps, 
actuators etc.) draw current from the batteries, and the batteries are primarily charged by the solar 
panels during the day time. Some sites charge the batteries with TEGs to make up for any shortfall in 
solar output during periods of low sunlight. TEGs are most commonly used when the reliability, or 
perceived reliability, of solar is lower, such as in cloudy regions in north-central Alberta. 

Baseline:  
Pneumatic chemical injection pumps continue to be the standard in the oil and gas industry given the 
simplicity, reliability, and low capital cost of pneumatic controllers and pneumatic pumps, and the 
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frequent lack of available electricity at wellsite locations. The baseline for a wellsite electrification 
project is the venting of natural gas or “instrument gas” (containing primarily methane) to the 
atmosphere from dedicated vent lines associated with the operation of the existing pneumatic 
controllers and pneumatic pumps. The exhaust tubing from the outlet of each pneumatic pump and 
controller is routed outside of the building to vent the gas to the atmosphere. For safety and operational 
reasons, instrument gas is not usually flared. 
 
Throughout the oil and gas industry it is standard practice to use pressurized natural gas to operate 
pneumatic chemical injection pumps and pneumatic controllers. Pneumatic controllers and pumps take 
pressurized gas and use the energy of that gas to actuate a valve or to drive a pump. Gas that could have 
otherwise been directed to sales is vented to the atmosphere, resulting in both lost revenue and 
increased methane1 emissions.  

Technology Group 
Wellsite and Upstream Facilities Instrumentation and Controls – Recommended Practices 

Site Applicability 
The first step identifying potential electrification project opportunities is to collect an inventory of 
pneumatic equipment at candidate wellsites, including: 
• Pneumatic controller makes, models and pneumatic supply pressures 
• Manufacturer specs or published vent rates for each controller 
• Pneumatic pump make, model and stroke length; 
• Injection rate (Litres/day); 
• Injection pressure; 
• Estimated pump operating hours per year; 
• Injection fluid type (methanol, corrosion inhibitor, de-waxing agents etc.) 
• Other site-specific factors 
 
The next step is to prioritize the baseline wellsites that have the highest vent rates and those sites that 
have the highest maintenance costs associated with instrument gas (e.g. wet fuel gas at site, freezing 
issues, and/or frequent replacement of instrumentation due to liquids carry-over and other issues). Sour 
gas sites that do not have a supply of sweet fuel gas may also be excellent candidates since sour gas 
must not be vented to the atmosphere. Any sites that use propane for instrumentation are also ideal 
candidates due to the high operating costs of purchasing propane and safety issues with venting 
propane. There may also be opportunities to optimize chemical usage by switching to electric pumps, 
and these cost savings should also be assessed, where applicable, to help improve paybacks. 
 
Due to the upfront cost of electric well control systems, the best opportunities will be at greenfield 
deployments. The cost of the electric actuators, controllers, and electric pumps can be partly offset by 
not having to purchase the equivalent pneumatic end devices. In comparison, retrofit projects are 
disadvantaged in this regard because of the additional cost of decommissioning existing pneumatic 
equipment. 

1 Methane is a potent GHG, with global warming power of 25 times that of carbon dioxide. On January 23, 2014 
Alberta Environment updated the GWP of methane to be 25 (from 21). For further details refer to this bulletin: 
http://esrd.alberta.ca/focus/alberta-and-climate-change/regulating-greenhouse-gas-emissions/alberta-based-
offset-credit-system/offset-credit-system-protocols/documents/MemoOnGlobalWarmingPotentials-Feb2014.pdf   
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Site selection is critical as the solar system (panels and batteries) must be designed with enough 
autonomy or reserve capacity to reliably deliver power during the coldest (~-40°C) and cloudiest weeks 
of the year. Ideally, the solar panels should either be deployed far from trees/tree lines or should be on 
an elevated mast (masts with panels can blow over if not secured properly). While it is typically possible 
to design a solar system to meet almost any site configuration, the system cost will increase significantly 
as more panels and batteries are added for sites at higher latitudes and in cloudy regions with low levels 
of winter sunlight. However, over 300 solar-electric well control systems (including solar pumps and 
electric controllers/actuators) have been successfully deployed in Western Canada by Calscan Solutions 
of Edmonton, so latitude is not necessarily a limiting factor for solar. The technology has been very 
successfully deployed with wellsite separator packages in southern and eastern Alberta. 

Emissions Reduction and Energy Efficiency 
Estimating Gas Savings:  
The potential gas savings and greenhouse gas (GHG) reductions from a well electrification project will 
vary depending on the equipment at the site, but most oil and gas facilities use common types of 
pneumatic equipment.  Equipment configurations will vary from site to site and operator to operator, 
depending on design requirements and operator preferences. The chart below2 shows that the gas 
savings from a well-electrification projects can be estimated by completing an inventory of pneumatic 
equipment at each site and estimating operating hours.  
 

 
Estimated Gas Savings from Wellsite Electrification  
 
It may be beneficial to use manufacturer specifications in place of published emission factors to improve 
accuracy, especially when estimating vent rates from pneumatic pumps. The most common method for 
determining gas savings is to reference the manufacturer specifications for the pump. Most 
manufacturers of pneumatic pumps provide a curve or plot of the gas consumption per unit volume of 
chemical injected (scf natural gas/gallon chemical) versus the injection pressure for specific models and 
stroke lengths. By knowing the model of pump, the injection pressure, the chemical injection rate and 
the annual operating hours, you can determine the amount of gas vented (or saved) per year. 
 
To qualify for offset credits in Alberta additional data collection may be required. This may include 
monitoring and recording information from the new solar-electric wellsite equipment as well as the pre-
existing pneumatic configuration. Refer to the monitoring and quantification sections of this document 
for further details. 

2The example uses published vent rates from the 2013 Prasino Study to calculate the estimated savings from the 
replacement of conventional pneumatic equipment required to operate a typical oil or gas well separator package 
with a zero emissions solar-electric design. 

Equipment Type Example Make/Model Count
Vent Rate 
(m3/hour)

Operating 
Hours/Year

Gas Vented 
(m3/year)

GHG Emissions 
(tCO2e/year)

Pressure Controller Fisher C1 1 0.0649 8760 569 8.7
Level Controller Fisher L2 2 0.2641 8760 2,314 35.4
High Level Shutdown Switch Murphy L1200 1 0.2619 8760 2,294 35.1
High Pressure Shutdown Switch Fisher 4600 1 0.0151 8760 132 2.0
Pneumatic Pump (Methanol) Generic Diaphragm Pump 1 1.0542 4380 4,617 70.6
Pneumatic Pump (Other Chemical) Generic Piston Pump 1 0.5917 8760 5,183 79.3

15,109 -
231

Total Gas Savings (m3/year)
Total GHG Emission Reductions (tCO2e/year
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Measurement:  
To generate verifiable carbon offsets in Alberta from wellsite electrification projects it may be necessary 
to collect additional documentation that would not normally be recorded by operators. The Alberta 
Offset System (AOS) Quantification Protocol for Greenhouse Gas Emissions Reductions from Pneumatic 
Devices specifies for pumps that to estimate baseline emissions, either the count of pump strokes from 
the new electric pump or the volume of chemical injected by the new pump must be tracked. For 
pneumatic controller electrification, the make and model of the baseline pneumatic controller also 
needs to be tracked. Refer to the section below on estimating GHG reductions and refer to the AOS 
protocol for further data collection and documentation requirements. 
 
Estimating GHG Reductions:  
Under AOS Protocol for Pneumatic Devices the net GHG emission reductions are calculated based on the 
following: 
• The type of pneumatic controllers in operation in the baseline (or type typically used in that region, 

if the project is a greenfield deployment), including make/model and pneumatic supply pressure 
• Pneumatic controller operating hours 
• The type of pneumatic pump that was operating baseline, including make, model, plunger size, 

operating pressures and other information needed to determine a pump emission factor from 
manufacturer specifications for the baseline pneumatic pump;  

• The chemical injection rate (e.g. in Litres/day) may have to be estimated from other information, 
such as a count of the number of pump strokes per time increment, the volume of chemical injected 
per time increment, or other factors; 

• Solar pump operating days (or hours) per year; 
• The site fuel gas composition (% methane);  
• The density of methane; and, 
• The global warming potential of methane.  
 
The formula below is generalized, as different calculation methods may be required for pneumatic 
controllers versus pneumatic pumps. Refer to the AOS Protocol for the full calculation. 
 
A Simplified Formula to Estimate GHG-Emission Reductions: 

Net GHG Reductions = Baseline Emissions3  

=∑ (Baseline Pneumatic Vent Raten
i  Devicei in m3/h) ∗ (Op. Hours/year) ∗ (%CH4 in Fuel Gas) ∗

(DensityCH4 in kg/h) ∗ (0.001 t/kg) ∗ (GWPCH4) 
 
Estimated GHG Emission Reductions:  

3 Global Warming Potential of Methane is 25 currently (but subject to change), per: http://aep.alberta.ca/climate-
change/guidelines-legislation/specified-gas-emitters-regulation/documents/CarbonEmissionHandbook-Mar11-
2015.pdf  
Density of Methane gas at 15 ׄ◌C and 1atmosphere is 0.6797 kg CH4/m3, per 
https://encyclopedia.airliquide.com/methane  
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GHG reductions will vary depending on the equipment at each site, but the sample project depicted in 
the Estimated Savings chart would reduce GHG emissions by ~230 tCO2e /well/year and is expected to 
be representative of typical separator packages. GHG reductions will vary significantly depending on the 
baseline pneumatic controllers and pneumatic pumps, the required injection rate for the new solar 
pump, pump injection pressures, operating hours, percent methane in fuel gas, and other factors. 

Economic Analysis 
Capital Cost: Capital costs are site specific, but the incremental cost to install a solar-electric 

well control system is estimated to range from $17,000 to $40,000, with 
greenfield projects and simpler well configurations at the lower end of the range 
and retrofits and more complex well designs at the higher end of the range 
(These estimates do not include a TEG, which could add $10,000 or more to the 
capital costs). The incremental cost to deploy a solar-electric well control system 
for new (greenfield) wellsites is much lower at $15,000 to $20,000 per separator 
package. The equipment costs (electric actuators, controllers, pumps, batteries, 
panels, control system) make up most of the capital costs for wellsite 
electrification projects, as installation can be done in 1-2 days.  
 

Installation Cost: Based on vendor information, the estimated incremental cost to install a solar-
electric well control system ranges from $17,000 to $40,000. 
 

Operating Cost: Operating Costs are typically lower for electric wellsites than for pneumatic 
configurations. For solar-electric control systems the main incremental operating 
costs are battery replacements. Assuming four batteries per site and a 6-year 
battery life, with a replacement cost of $175/battery, this would result in an 
average operating cost of $116/well/year over a six-year period. These costs are 
still lower than the operating savings from reducing chemical usage and 
eliminating fuel gas usage as described below. 
 

Maintenance Cost:   Maintenance cost savings and chemical savings are also significant, as electric 
control systems improve reliability by eliminating issues with wet instrument gas 
(or sour gas), and significantly reduce chemical costs by improving the precision 
of chemical injection. Installing an electric control system also allows for 
increased automation and cost savings, which can include ability to remotely 
adjust chemical injection rates and other operating parameters on equipment 
tied into SCADA. Pneumatic pumps are prone to chemical leaks around the pump 
seals (methanol destroys elastomers), a problem reduced by the secondary seal 
on electric pumps. 
 
Chemical savings can be significant on more expensive chemicals like corrosion 
inhibitors. Additionally, significant methanol savings can be achieved for lower-
pressure gas wells because pneumatic pumps have poor turndown capabilities 
and are often set to over-inject chemical. In particular, diaphragm pumps often 
cannot be operated effectively below 10 litres/day. Electric pumps can easily 
operate down to rates as low as 0.5L/day. Replacement of 140 pneumatic pumps 
at a major producer’s shallow gas facilities in southern Alberta achieved 
methanol savings of approximately $500/year/pump, based on an average 5 
litres per day reduction in methanol injection rates.  
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Carbon Offset 
Credits: 

The value of carbon offsets can be very significant for wellsite electrification 
projects and could outweigh the value of the gas savings by a significant margin 
using an assumed carbon offset value of $25/offset in Alberta. Based upon this 
offset value, the estimated 230 tCO2e/year GHG reduction from Figure 1 would 
be worth $5,800/year - more than four times the value of the gas savings!      
 

Payback, Return on 
Investment and 
Marginal Abatement 
Cost: 

Gas savings are one of the primary benefits of wellsite electrification projects. 
Gas savings depend on many factors, including types and numbers of pneumatic 
controllers and pumps being replaced, operating hours, chemical injection rates, 
pump makes/models, operating pressures and other factors. Gas savings from 
the sample project depicted in the Estimated Savings chart were estimated to be 
15,100 m3/year (530 mcf/year).  At a flat $2.50/mcf AECO gas price, these gas 
savings are worth at least $1,330/year. 
 
Overall Cost-Benefit: Based on vendor information, the estimated incremental 
cost to install a solar-electric well control system ranges from $17,000 to 
$40,000. Without carbon offsets, the payback for these types of projects is 
typically >10 years, except at sites where clean, dry fuel gas is unavailable (sour 
gas) and/or where wet fuel gas causes high maintenance costs from 
replacements of instrumentation or freezing issues.  If carbon offsets are 
generated, the payback can be reduced to ~2 to ~5 years, but additional data 
collection will be required for the project to be eligible for carbon offsets. 
Economics are far better for greenfield sites because the incremental cost of the 
electric equipment is partly offset by not having to purchase conventional 
pneumatic equipment. 
 

Barriers: 
• Financial barriers – solar-electric well control systems are considerably more expensive than 

pneumatic systems (estimated incremental cost of $15,000 to $20,000 for a greenfield deployment, 
assuming solar-only with no TEG) and the low value of fuel gas makes many projects uneconomic 
based on the gas savings alone, although chemical/maintenance savings and carbon offsets can 
improve economics. Minimal capital is often available for energy efficiency, optimization or emission 
reduction projects; 

• Solar reliability may be lower in areas with reduced sunlight, such as valleys, heavily-treed areas, or 
regions with frequent cloud cover. In extreme cold weather and long periods without enough 
sunlight to charge batteries, this can lead to battery failure, incremental downtime, and increased 
operating costs from battery replacements. 

• Some electric pumps may not be able to overcome the high injection pressures (e.g. >3000 psig) 
required for new high-pressure horizontal wells in the Montney, Duvernay, and Deep Basin regions. 
In these situations, it may make sense to install the solar pump after 6-12 months, when the well 
pressure has declined. 

• Unwillingness to modify proven facility designs that are reliable. 
• Remaining asset life is limited for many conventional gas facilities. 
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Reliability 
Designed properly, solar-electric well control systems can provide equivalent or better functionality than 
the previous pneumatic design.  However, solar systems may not be appropriate for all applications, or 
may require a supplemental power supply. The solar system (batteries, panels and charging system) 
must be designed to provide sufficient autonomy (reserves) for extended periods of minimal sunlight 
(<2 hours per day) during the coldest days of the year when batteries are most prone to failure. 
 
In some regions of the province, it may be advisable to add a thermoelectric generator or other remote 
power generator to supplement solar/battery power systems, providing redundancy and ensuring 
sufficient power output is available at the site to power communication systems (SCADA, remote 
terminal units etc.), electric actuators/controllers, and electric chemical injection pumps. However, the 
addition of a TEG increases costs by $10,000 or more. 

Safety 
Switching from pneumatic equipment to non-emitting electric equipment reduces venting of flammable 
gas and improves worker safety. The electric well control system components should be designed to 
comply with Canadian Standards Association (CSA) certification requirements for hazardous locations 
(e.g. Class 1, Division 2). 

Regulatory 
Future Regulatory Considerations:  
Both the Alberta Government4 and the Federal Government5 have announced their intentions to 
regulate methane emissions from pneumatic equipment. Draft regulations are expected in 2017 with 
compliance requirements by the 2020-2023 timeframe. It is expected that there will be specific limits on 
methane venting from pneumatic pumps and pneumatic controllers, including different standards for 
new (greenfield) facilities and potential requirements to retrofit existing high-bleed pneumatic 
controllers.  
 
Electrification of wellsites is an effective way to eliminate methane emissions from all wellsite 
pneumatic equipment to meet regulatory compliance. The sample project depicted in the Estimated 
Savings chart would reduce GHG emissions by an estimated 230 tCO2e/well/year at a low abatement 
cost of between $3.70/tCO2e and $17.30/tCO2e (assuming the incremental cost of the solar-electric 
package ranges from $17,000 to $40,000 and the equipment lifetime is between 10-20 years). 

Service Provider/More Information on This Practice 
References: 
Alberta Government. (2017, January 25). Quantification Protocol for Greenhouse Gas Emission 

Reductions from Pneumatic Devices Version 2.0. Retrieved from Alberta Environment and Parks: 
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