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READ ME Introduction

				SUSTAINABILITY IN DESIGN (SuID) - OPPORTUNITY CATALOGUE - INTRODUCTION																						Please view at 100% zoom
This sheet is locked 
(password SUID)

				PURPOSE: To accelerate our transition to more sustainable facilities

				HOW: Through the inclusion of selected sustainability opportunities in the design of our projects



				USING THIS WORKBOOK FOR A PROJECT

				1. Create a copy of this workbook to use as the Project SuID Register

				2. Fill in the Project Register sheet with project details

				3. Use the Design Review sheet to consider and make selected sustainable design choices in the project early design phases (assess and select)

				4. Maintain the Project SuID Register through the early design phases to record and track identification and implementation of opportunities into the project design





				Notes on the Design Review sheet:

				> click on the cells below the information icons for more information

				> it is recommended to filter the opportuniities by one or more of the yellow column headings

				More details on the SuID Focus Areas are provided below

				More details on the Carbon Competitive, Respecting Nature and Powering Lives category filters are also provided further down below

				> The opportunities listed in the sheet are not exhaustive. Please add rows to capture new ideas.

				> Use the blue headed columns to record project decisions





				FOCUS AREAS are shown below reflecting our Powering Progress Stretegy































				An exlanation of what is meant by each FOCUS AREA is provided below



						Energy efficiency 				Renewable energy
& Electrification				Fuel substitution				Direct Emission reduction				Material efficiency
(Competitive scoping)

						Designs that minimize energy consumption and promote energy efficiency				Incorporate renewable energy sources + electrification of designs				Decarbonised, Bio and integration of waste products into feed/fuel streams
Hydrogen production and use				Reduce Methane,
 Flaring and venting
Incorporate CCUS
Nature-based solutions				Designs that drive material efficiencies to minimize their environmental impact 



						Community 				Supply Chain
& Workforce

						Design to enhance and develop sustainable communities and minimise impact on local climate and environment				Support the development of local supply chains and workforce through procurement and education and training



						Natural resource conservation 				Material selection				Design for disassembly				Minimise waste

						Prioritise the conservation of natural resources, such as water and land, through efficient use and recycling				Use of more sustainable materials in the design including recycled, bio-based or easily recycled or repurposed materials				Designs that can be easily disassembled and recycled at the end of their useful life				Designs to minimise waste either during construction or operation



				Additional links to relevant resources are also provided below.

						Resource Links				CT2025				CT 2025 Learning Board				Welcome to the CT2025 Learning Boards

						Carbon & Energy Mgt				Decarbonization Blueprints				IG & NE GHG Portal

						CEM Links				Intro to Electrification Learning Board				Electrification One Pager				Welcome to the Environment and Carbon Page

						NZPP				Standard Production Solutions				CT-2025 Technology & Innovation

						Global Technology Catalogue				C&P CMSS One Offering				Supply Chain GHG Playbook				CoE New Energies Integration in LNG 

						Energy Chef



				PMF requirements that relate to sustainability in design are shown in the flowchart below
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Project Register

				SUSTAINABILITY IN DESIGN  - Project Register

				Objective:		This workbook is intended to form the Project Sustainability in Design Register and to assist the selection and implementation of sustainability opportunites within the early project design phases. It is included in the PMF Sustainability in Deign Guide

				Classification:		Restricted

				Version Rev.:		Draft

				Date of Version Rev.:		Sep-23														  SuID = Sustainability in Design



		1. PROJECT DETAILS



				Project Title:

				Country:

				Place:



				Date SuID Register created

				Project phase created

		2. RESPONSIBILITIES



				Project Phase		FEDM						Engineering Manager						Date

				Identify

				Assess

				Select

		3. PROGRESS TRACKING



				Project Phase  > 		Assess		Select

				Single Discipline Reviews

				Multi Discipline Review

				Inclusion items agreed

		4. DOCUMENT CONTROL



				Go to Control Sheet		YES

						NO

						N/A





Design Review

		SUSTAINABILITY IN DESIGN REVIEW 														L		S		Energy efficiency 		Renewable Energy & Electrification		Fuel Substitution		Direct emission reduction		Material efficiency		Community 		Supply Chain
& Workforce		Natural resource conservation 		Material selection		Design for disassembly		Minimise waste																										SELECT		YES		NO		N/A		EASY		MEDIUM		HARD

																Eng. Discipline input
L = Lead   S = Supporting										Carbon Comp. filters				Respecting Nature
 filters										Powering Lives 
filters																										SELECT		HIGH		MEDIUM		LOW

		Design Aspect		Global Technology Catalogue #		Tools /  Resources		DCAF ID		OPPORTUNITY		PRIMARY
SuID FOCUS AREA		DESIGN FOCUS		Process		ME		ICE		COP		Project		Scope 1 & 2		Scope 3		Biodiversity		Water		Circ.& Waste		Air Quality		Collaboration		D&I world		E. supply chain		Powering lives		Project to consider opportunity		Comments		Owner																SELECT		HIGH		MEDIUM		LOW

		Thermodynamic Heat Pinch design optimization				Pinch Portal				Increase efficiency of integrated process by reducing entropy production and better matching heat profile.		Energy efficiency 		Process Efficiency		L		S		S						x

		Heat Transfer Engineering optimization				HTE				Comprehensive resource base for engineering heat transfer for optimum efficiency.		Energy efficiency 		Process Efficiency		L		S		S						x

		OGCI Energy Management Systems				OGCI EMS				OGCI Energy Efficiency approach representing 12 contributing companies.		Energy efficiency 		Process Efficiency		L		S		S						x

		IOGP Energy Efficiency Best Practices				IOGP BPs				Database of best practices and methods for efficiency improvement by <60 operating companies in IOGP		Energy efficiency 		Process Efficiency		L		S		S						x

		Carbon & Energy Management Catalogue				CEM Cat				Catalogue of Asset Energy Optimization methods for consideration by Projects.		Energy efficiency 		Process Efficiency		L		S		S						x																				YES

		EU BAT				EU BAT				External assessment of Best Technologies for Energy Efficiency by European Union.		Energy efficiency 		Process Efficiency		L		S		S						x

		Apply Heat Pumps		GTC-5835		Heat Pump Toolkit				Effective methof for reducing total process/utility energy consumption.		Renewable Energy & Electrification		Utility Efficiency		L		S		S						x

		Power Plant Efficiency Selection				PPE				Database of supplier power plant efficiency for selection of maximum efficiency (Open or Closed Cycle).		Energy efficiency 		Power Supply Efficiency		L		S		S						x

		Electricity Maps for regional power ghg footprint				Electricity Maps				Evauate renewable options on the grid for green house gas reduction project options.    		Energy efficiency 		Power Supply Efficiency		S		S		S				L		x

		Standard Production Solutions Power Solutions				StPS Power				Compare power solution options including electrification versus fossil fuel solutions or gas turbine options.		Energy efficiency 		Power Supply Efficiency		S		S		S				L		x

		Utility Toolbox				Util TB				Efficiency optimation of Utility systems based on Utility Toolbox.		Energy efficiency 		Utility Efficiency		L		S		S						x

		Standard Production Solutions Utilities				StPS Utilities				Standard Supplier based solutions for application to Utilities for efficiency improvement.		Energy efficiency 		Utility Efficiency		L		S		S						x

		HVAC equipment selection								Selection of high efficiency HVAC equipment for buildings to reduce energy consumption		Energy efficiency 				S		L		S		S				x

		Equipment selection for turbines, pumps, and compressors								Selection of energy efficient turbines, pumps, and compressors		Energy efficiency 				S		L		S						x

		Centrifugal pump design								Design for operation of pumps at their best efficiency point (BEP)		Energy efficiency 				S		L		S						x

		Heat recovery boilers								Installation of heat recovery boilers to improve the energy efficiency of process systems		Energy efficiency 				S		L		S						x

		Fired heater design								Installation of an air pre-heat system for fired heaters		Energy efficiency 				S		L		S						x

		Design of fired heaters		GTC-4136						Designing fired heaters to minimize air leakage and minimize oxygen concentration in the fire box to improve energy efficiency		Energy efficiency 				S		L		S						x

		Heat exchanger fouling mitigation		GTC-4578						There are different technology options available to mitigate fouling in heat exchangers, ranging from surface enhancements, upgraded metallurgies, coatings, antifoulants, or mechanical devices.  
The fouling mitigation approach entails evaluating different options to develop fit for purpose solutions to fouling abatement in exchangers.  This can allow for installation of smaller exchangers (lower surface area and reduced capital cost) and/or improved energy efficiency.		Energy efficiency 				S		L		S						x

		Heat exchanger fouling mitigation		GTC-4544						Use of ultrasonic scale prevention (USP) to reduce heat exchanger fouling.
Morko USP is a heat exchanger fouling prevention technology that can be installed on tube bundles to reduce fouling by up to 90% in certain conditions.
USP uses 4 transducers welded to tube sheets that vibrate exchangers at 20Khz.
The main drivers are to save even more energy than frequent exchanger cleaning, at far lower maintenance costs and effort.		Energy efficiency 				S		L		S						x

		Installation sufficient instrumentation to allow for maximum deployment of Smart Perform Monitoring		GTC-2764
GTC-4541						Optimise operation		Energy efficiency 				S		L		S						x

		Design for maximum use of Proactive Technical Monitoring (PTM)		GTC -3074
GTC -2981						Install sufficient instrumentation to allow for maximum deployment of Proactive Technical Monitoring (PTM)		Energy efficiency 				S		L		S						x

		Heat exchanger thermal efficiency		GTC-5284						Use of High-Fin shell-and-tube heat exchangers to improve thermal efficiency		Energy efficiency 				S		L		S						x

		ACHE tube selection		GTC-4791						Selection of Dual Enhanced Air-Cooler Tubes for air cooled heat exchanger (ACHE) installations in LNG plants.
DIESTA tubes are dual enhanced tubes developed to improve thermal performance of ACHE's.  The internal tube surface is enhanced using helicoidal structure which increases turbulence.  The external fin surface is enhanced using groove and dimples which increases turbulence and improves air distribution.  CAPEX will also be lower due to reduction in foot print and pipe rack construction cost.		Energy efficiency 				S		L		S						x

		ACHE design		GTC-4569						Designing air-cooled heat exchangers (ACHE's) to facilitate foam cleaning of the fins to restore thermal efficiency of fouled tubes		Energy efficiency 				S		L		S						x

		Shell-and-tube heat exchanger design		GTC-4542						Design of shell-and-tube heat exchangers to minimize or prevent fouling		Energy efficiency 				S		L		S						x

		Direct drive (permanent magnet) motors		GTC-4790						Selection of Direct Drive (Permanent Magnet) Motors for the fan drivers in Air Cooler Heat Exchangers (ACHE's) & Cooling Water Towers		Energy efficiency 				S		L		S						x

		Fired heater design		GTC-4579						Specification of Low NOx or Ultra Low NOx burners for fired heaters		Energy efficiency 				S		L		S						x

		Selection of mixed flow impellers (MFI) for Centrifugal Compressors in LNG service		GTC-4563		GTC-3132				MFI have a typical efficiency of 84%, compared to 80% for a conventional centrifugal compressor and 85% for an axial compressor.
Centrifugal compressor have an uptime of 360 days/year versus 350 days/year for an axial compressor.

Potential for 2% LNG production gain.
Can operate at a flow of 50% beyond "traditional" centrifugal impellers at elevated efficiencies.
Higher efficiency means increased production without a power penalty.
Existing compressor casing can be used. Only rotor bundle exchange is required and can be completed during a planned shutdown.		Energy efficiency 				S		L		S						x

		Insulation material selection		GTC-2998						Specification of Pyrogel insulation for piping and equipment		Energy efficiency 				S		L								x

		Insulation thickness								Specification of increased insulation thickness for piping and equipment to reduce heat loss/gain to atmosphere and improve thermal efficiency		Energy efficiency 				S		L								x

		Flex operation/management of on-site generation 
		In Development						Develop control systems to optimize renewable power supplies, on-site generation, and utility import  power .  Drivers include reducing carbon footprint, improving energy efficiency, and maximizing profitability.   Relevant purchase agreements will need to be considered.  		Energy efficiency 		Energy Management Automation						L				S		x

		Energy-efficient lighting, such as LED								Energy-efficient LED lighting can help reduce energy consumption, GHG emissions, and costs.
		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency						L						x

		Electrical actuators for applications replacing process gas operated pneumatics, or replacing engine driven IA compressor pneumatics, or replacing HPU hydraulically actuated valves.   
								When used in lieu of process  gas actuation, eliminates venting of the process gas when the valve moves.    
When used in lieu of engine driven instrument air compressors, extends frequency of maintenance.  
When used in lieu of engine driven instrument air compressors, supporta NUI installations through reduced maintenance resulting in reduced HSSE exposure, opex cost, and logistics planning and execution.   
When used in lieu of HPU hydraulically actuated valves, eliminates potential oil leaks, eliminates common mode failure of HPU leading to simultaneous valve failures.

Technical acceptability of electric actuators needs to be addressed, especially for control valve and SIF applications.  Potential downside in diagnostics as pneumatic smart positioners are far more advanced than their electric positioner counterparts.  Failure and maintenance of electronic circuit boards of MOVs in harsh enironment is a challenge.
		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency				S		L				S		x

		Electric actuators with mechanical Fail Safe are under development for compressor anti-surge valves.  
(D2-Develop)		GTC -5412						Provides more production capacity through ability to operate closer to compressor surge curve through quicker, more accurate control and with less overshoot as compared to pneumatic.  Potential 2% efficiency gains in compressor operation.  
Challenge: Not yet viable as the concept is still in development		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency				S		L						x

		Higher efficiency electric motors				ABB TIE option				Specify higher efficiency motors to reduce electrical energy usage over the life of the motor.  The increased cost to purchase a higher efficiency motor typically has a 1-2 year payback.  When asking for bids, request vendor to provide a 2nd bid based on optimizing efficiency for comparison against bid that meets specification.		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency				S		L						x

		Higher efficiency electric transformers								Specify higher efficiency transformers to reduce electrical energy usage over the life of the transformer.  		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency						L						x

		Variable Speed Drives for Motors		GTC-4841		E-Motor Toolkit				Reduce losses across control valves or through gear boxes  by using  variable speed of the motor to operate more efficiently. 		Energy efficiency 		Minimize Energy Consumption and Increase Equipment Efficiency		S		S		L						x

		Peak shaving batteries to minimize spinning reserve
(GTC-4983 Hybrid Power for Shipping, GTC-5414 for Drilling Applications)		GTC-3916		Battery Storage Toolkit				Use BESS as spinning reserve to reduce the number of generators running  & to run generators at a more efficient operating point.  This reduces CO2 and Nox emissions.  Reduces running hours on machine, operating and maintenance cost, and improves safety. 		Energy efficiency 		Peak shaving batteries or cut-in for generator trips		S				L						x

		Peak shaving - Hybrid Power for Shipping 		GTC-4983						Ships have multiple operating modes with drastic load requirements so it is difficult to optimize generation to match all modes.  Installation of battery system operating in conjunction with auxiliary generation providing peak shaving and reduction in spinning reserve.		Energy efficiency 		Peak shaving batteries or cut-in for generator trips		S				L						x

		Small generator based on recovering energy from air exhaust of compressors.  CEGEN - D3, not ready for deployment, limited recovery		GTC-5165						Small electric power generator based on recovering energy from air exhaust of compressor resulting in lower carbon footprint than generators driven by conventional engines.  ~ 5kW obtainable from 400 HP compressor or 15kW from a 1500 HP compressor.		Energy efficiency 		Peak shaving batteries or cut-in for generator trips		S		S		L						x

		Installation of Power Factor Correction Caps or Static Var Compensators to improve the efficiency of electrical systems and reduce wasted energy.  								Install equipment to improve efficiency; improve system stability, reliability, and capacity; and comply with utility system regulations.   		Energy efficiency 		Power Factor Correction						L						x

		Procedure automation to reduce variability, errors and elapsed time required compared to manually executed procedures.  
GTC-4904		GTC-3948		Procedural Automation on Enterprise Encyclopedia				Manually executed procedures should be evaluated as potential candidates for automation in a control processor - i.e., an 'automated' procedure. Through automation, energy efficiency gains can be captured by reducing errors and variabilty between executions, improved tracking of targets and reduced elapsed time for completion.  		Energy efficiency 		Use of Procedural Automation		S				L						x						x		x		x

		Advanced Process Control - PACE		GTC-3407						Operates the process more energy efficiently reducing GHG footprint while increases yields and/or production.		Energy efficiency 		Use of APC (Advanced Process Control)		S				L						x

		PACE Implementation		GTC-3134						PACE will drive down the costs of developing, using, and maintaining Advanced Process Control applications while delivering a more consistent and better optimized process operation with increased throughput, lower energy consumption, and/or reduced waste production.		Energy efficiency 		Use of APC (Advanced Process Control)		S				L						x								x

		Optimization of Anti-surge Control for Compressors		GTC-3947						Optimize operation of the compressor to improve energy efficiency and optimizing recycle valve position.		Energy efficiency 		Use of APC (Advanced Process Control)		S		S		L						x

		Real Time Optimization (RTO) - Data Reconciliation		GTC-5776						RTO models determine and drive a unit to its economic optimum in real time.		Energy efficiency 		Use of Real Time Optimization		S				L						x

		Real Time Optimization (ROMEO)		GTC-3516						The ROMEO software platform computes process settings to optimize economic returns and energy savings.		Energy efficiency 		Use of Real Time Optimization		S				L						x

		MDPro Online - Control Performance Monitoring		GTC-3497						The MDPro online identifies process control applications that have performance issues or are not operating in their proper design mode.   This is critical for sustaining value of commissioned control applications.		Energy efficiency 		Use of Real Time Optimization		S				L						x

		Tank Heating Optimization 
(D3-Demonstrate) 		GTC-5828						Develop a real time tool that can deliver real time optimized heating of base oil and additive tanks.  Predict heating and cooling rates to allow only needed heating for batch operation resulting in cost savings and reduction in GHG emissions.  		Energy efficiency 		Use of Real Time Optimization		S		S		L						x

		Energy Efficiency of Buildings Design								Specify an Energy Efficiency Rating for the building design - LEED Goals or equivalent. Cost recovery can be within 2 years (current experience)
Alternative have an EUI target (minimum 1.5 Paris).
In addition LPD target (lighting power density)		Energy efficiency 		Civil				S		S		L		S		x

		DP vessels (Marine Risk)		In Development						Operate in closed bus - share power		Energy efficiency 		Offshore Structures						S		L		S		x										x

		Operational Vessel Use								Smart resource planning to shared vessels across multiple assets/operators		Energy efficiency 		Offshore Structures								S		L		x										x

		Pumping and Compression power								Optimise power requirements when defining pipe diameter (Capex /Opex trade-off) as part of pipeline hydraulics		Energy efficiency 		Pipelines		S		S		S		L		S		x

		Pipe heating								Insulation vs trace heating power (Capex/Opex trade-off)		Energy efficiency 		Pipelines		S		S		S		L		S		x

		Subsea Gas Compression		GTC-3972						Lower GHG intensity compared to surface depletion compression, due to:
- Efficient compression at well head (high pressure)
- No manned surface facility requiring support vessel operation		Energy efficiency 		Subsea		S		S		S		S		L		x

		Vessel selection (ship, tugs, drill rigs, walk to work vessels)								Minimise weather down time and as a result minimise fuel consumption		Energy efficiency 		Metocean								L		S		x										x

		Renewables Screening Tool (By IG)				RES Screening				Use of renewable energy options to reduce carbon footprint.		Renewable Energy & Electrification		Renewables						S				L		x

		New Energies Screening Tool (By IG)				NEST				Use of renewable energy options to reduce carbon footprint.		Renewable Energy & Electrification		Renewables						S				L		x

		Shell Energy Information Portal				SEIP				Use of renewable energy options to reduce carbon footprint.		Renewable Energy & Electrification		Renewables						S				L		x

		StPS Renewable Natural Gas				StPS RNG				Use of renewable energy options to reduce carbon footprint.		Renewable Energy & Electrification		Renewables						S				L		x

		Electrification Toolkit				E Toolkit				Use of electrification to reduce GHG emissions.		Renewable Energy & Electrification		Electrification						S				L		x										x

		Battery & Energy Storage System				BESS				Increase integrated efficiency		Renewable Energy & Electrification		Electrification						S				L		x

		StPS Electrification Screening (Offshore)				Offshore Elect				Use of electrification to reduce GHG emissions.		Renewable Energy & Electrification		Electrification						S				L		x										x

		IOGP Electrification Best Practices				IOGP Elect BP				Use of electrification to reduce GHG emissions.		Renewable Energy & Electrification		Electrification						S				L		x										x

		OGCI Refinery Electrification Best Practices				OGCI Ref Elect				Use of electrification to reduce GHG emissions.		Renewable Energy & Electrification		Electrification						S				L		x										x

		Electrification Overview of Opportunities				Electrification Learning Board				Example electrification opportunities are shown in this tool.		Renewable Energy & Electrification		Electrification of Demand Resources						S						x										x

		Electrification Screening Tools				Electrification in Demand Toolkits				Screening information for electrical opportunities are available in this tool.		Renewable Energy & Electrification		Electrification of Demand Resources						S						x										x

		Replace turbine driven equipment with electric motors.  		GTC-4758		E-Motor Toolkit		DCAF#1526 Critical Rotating Equipment and Driver Type Selection Study, Accountable Disc: Mechanical		Utilize high MW, high speed electric motor drivers and VFD combination over turbine driven equipment.
Electric motors operate more efficiently than gas or steam driven turbines and require less maintenance.  
GHG emission reductions is the primary benefit
		Renewable Energy & Electrification		Mechanical Equipment Driver Selection		L		S		S						x						x				x

		Electric Air Compressors		GTC-5456						Electric air compressors operate more efficiently and reduce emissions as compared to diesel equivalents for assets compressed air solution.		Renewable Energy & Electrification				L		S		S						x										x

		Installation of electric boilers		GTC-4822		Power to Heat Toolkit		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Displace fuel molecules from providing heat duty to more economic uses.		Renewable Energy & Electrification				L		S		S						x										x

		Installation of electric process heaters				Power to Heat Toolkit		PCAP concept select item - multi-discipline item		Electric process heaters are more efficient and can be powered via renewable energies with lower carbon footprint, but must consider mass balance of the system.  
Process Heating including liquid process heating, gas heating, and 2 phase (gas and liquid) heating applications.  Low to medium temperature applications.		Renewable Energy & Electrification				L		S		S						x

		Installation of electric furnaces 
		In Development		Power to Heat Toolkit		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Electric furnaces are high temperature applications for process such as naphtha or ethylene cracking.    Radiant type heating system for high temperature applications.		Renewable Energy & Electrification		Downstream Chemicals		L		S		S						x

		Oil treatment - electrostatic coalescer; no heat or steam energy required to separate 		GTC-5423						Utilize technologies that are more efficient and reduce GHG emissions to improve oil quality to meet oil export requirements (oil export BS&W and salt content)		Renewable Energy & Electrification		Downstream Chemicals		L		S		S						x						 x

		Power from Shore		GTC-5356		Kit - Power From Shore.pptm		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Utilise green electrical power from onshore, if renewable energy available		Renewable Energy & Electrification		Renewable Energies 		S				L						x

		Renewables Integration into Islanded Onshore LNG Designs		GTC-5285		Renewables Integration Toolkit		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		The integration of variable renewable energy sources (solar/wind) into islanded onshore LNG plants to supply part of the energy demand and lower GHG emissions.  
 		Renewable Energy & Electrification		Renewable Energies 		S				L						x										x

		Floating Offshore Wind Power Production 		GTC-4518				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Wind driven power can be used to generate renewable energy and reduce the reliance on traditional energy sources.  Floating offshore wind decreases CO2 and seabed footprint and is easy to decommission.   		Renewable Energy & Electrification		Renewable Energies 		S				L		S				x

		Solar PV Systems  (GTC #4703)		GTC-5045		Renewables Integration Toolkit		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Solar panels can be used to generate renewable energy, reduce the reliance on traditional energy sources, and reduce GHG emissions.

The analyzer house can be equipped with solar panels to provide energy for small analyzer cabinets/analyzer house lighting. 
		Renewable Energy & Electrification		Renewable Energies 		S				L		S				x

		Microgrids		GTC-4356				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Microgrids can be used to generate renewable energy from solar panels to provide power in areas with weak/absent grid locations or to provide resiliency for critical applications.   This solution provides an unreliable reduction or carbon footprint, increase in available power, and ability to participate in power markets.		Renewable Energy & Electrification		Renewable Energies 		S				L						x

		Wave / Tidal		In Development						Use of wave energy to generate electricity without GHG emissions. 		Renewable Energy & Electrification		Renewable Energies 		S				L		S				x

		OTEC (Ocean Thermal Energy Conversion) 
		In Development						Use of thermal energy to generate electricity without GHG emissions. 		Renewable Energy & Electrification		Renewable Energies 		S				L		S				x

		Geothermal 
		In Development						Use of geothermal energy to generate electricity without GHG emissions. 		Renewable Energy & Electrification		Renewable Energies 		S				L		S				x

		Nuclear
		In Development						Consider nuclear as an alternative to carbon fuel sources to minimize emissions.		Renewable Energy & Electrification		Renewable Energies 		S		S		L		S				x

		Energy Storage - Long term and medium term storage of power through  power to power or power to heat applications.						DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Makes renewable energy more sustainable.  
Subsurface systems store thermal energy or compressed air.  Flow batteries include very large oil storage tanks (1000 bbl capacity for months vs hrs of energy storage).  Heat transfer fluids -- Using high density heat transfer fluids such as molten salt or liquid sulphur.  Phase transition materials -- uses phase transition as means of storing/removing energy from storage space.  Solid mass -- uses solids, such as concrete. magnesium oxide blocks, silicon carbide block to store energy in.  Push air across to pull energy off.    Heat solid mass as means to store energy and pull heat out to generate steam to drive steam generator or heat hot oil.  A power to power example is storing compressed area in subsurface, release into machine that generates electricity. 		Renewable Energy & Electrification		Energy Storage		S		S		L		S				x								x

		Energy Storage - Short term		GTC-4703		Battery Storage Toolkit		DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		BESS integrates renewable energies, improves process safety design, and addresses renewables stability.
Supports the use of intermittent renewable energies by providing more stable and sustainable energy sources through devices such as super capacitors, fly wheels, and batteries.   		Renewable Energy & Electrification		Energy Storage		S				L						x								x

		Building heating/cooling systems								Include air or ground heat pump in building heating design		Renewable Energy & Electrification		Civil				S		S		L				x

		Building water heating								Include solar water heating 		Renewable Energy & Electrification		Civil				S		S		L				x

		Onsite renewable energy on buildings and backup power								Hydrogen or gas powered power generation, wind or solar		Renewable Energy & Electrification		Civil				S		S		L				x

		Electrical Marine Loading Arm (eMLA)		GTC-4729						Replaced hydraulic drive with electric removing hydrocarbon use and leak potential.		Renewable Energy & Electrification		Civil				S		S		L				x

		Crane		GTC entry in progress		SRN-01884				Electric Crane		Renewable Energy & Electrification		Offshore Structures				S		S		L				x										x

		Lifeboats		GTC entry in progress						Freefall Electric Lifeboats		Renewable Energy & Electrification		Offshore Structures				S		S		L				x

		Lifeboats		In Development 						Davit Launched Electric Lifeboats		Renewable Energy & Electrification		Offshore Structures				S		S		L				x

		Power supply sources for pumping/compression								Gas Turbines vs Electric Drive + electric pump stations 		Renewable Energy & Electrification		Pipelines				S		S		L				x										x

		Marine fuel								Electric Drive marine craft (crew boats) - Bukom has these		Renewable Energy & Electrification		Pipelines				S		S		L		S		x										x

		Subsea pumping & compression								Electrification of the host facility		Renewable Energy & Electrification		Subsea				S		S		L				x										x

		Subsea pumping & compression								Use of low carbon power for host facility		Renewable Energy & Electrification		Subsea				S		S		L				x										x

		Electrically Heated Flowlines - ETH ( electrical trace heating)		GTC-5722						Reduces/eliminates topsides heating and subsea infrastructure compared to conventional chemical options (MEG/KHI or AA / PI/PPD)
Lower power consumption relative to Direct Electrical Heating (DEH or HVMI) due to improved thermal insulation
		Renewable Energy & Electrification		Subsea				S		S		L				x		x								x

		Electrically Heated Flowlines - DEH		GTC-3983						Reduces/eliminates topsides heating and subsea infrastructure compared to conventional chemical options (MEG/KHI or AA / PI/PPD)
Increased process efficiency by maintaining the arrival temperature of the produce fluids		Renewable Energy & Electrification		Subsea				S		S		L				x		x								x

		HVMI Heated Flowline 		GTC-4668						Robust proven heating elements allows the flowline to be buried eliminating the wet insulation
Reduces/eliminates topsides heating and subsea infrastructure compared to conventional chemical options (MEG/PI/PPD)
Increased process efficiency by maintaining the arrival temperature of the produce fluids		Renewable Energy & Electrification		Subsea				S		S		L				x		x

		Subsea Electric Actuated Valve		GTC-3097						If combined with wireless communication technology, removes the need for a subsea control module and the hydraulic hook-up/connection, saves the use of a J-tube with major cost saving.
Long term: electric valves are a building block of the fully electrified subsea developments which are seen as a next archetype and operating model for subsea tiebacks		Renewable Energy & Electrification		Subsea				S		S		L				x		x

		Downhole electrical heating (DEH)		GTC-3909						Reduces/eliminates topsides heating and subsea infrastructure compared to conventional chemical options (MEG/KHI or AA / PI/PPD)
Increased process efficiency by maintaining the arrival temperature of the produce fluids		Renewable Energy & Electrification		Subsea				S		S		L				x		x

		Subsea Electric Trees 		In Development						Electrification of subsea trees has GHG benefits in eliminating the need for hydraulic fluids and in reducing umbilicals scope		Renewable Energy & Electrification		Subsea				S		S		L				x		x

		Fuel Switch Calculator				FSC				Reduction of GHG 		Fuel Substitution		Fuel Switch		S				S				L		x

		StPS Hydrogen Supply Options				StPS H2				Reduction of GHG 		Fuel Substitution		Alternate Fuels		S				S				L		x

		Natural gas injection into diesel supply						DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Reduces emissions and cost of fuel supply		Fuel Substitution		Lower NCF fuels/energy sources				L		S						x

		Microturbines for power generation		GTC-3049				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Utilizing flare gas to generate power versus diesel generators reducing emissions and fuel cost.		Fuel Substitution		Lower NCF fuels/energy sources		S				L						x										x

		Hybrid Power Systems 		GTC-3910				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Use of solar, battery, and backup generator to reduce carbon footprint of energy source		Fuel Substitution		Lower NCF fuels/energy sources		S				L						x

		Hydrogen Combustion for Gas Turbines 
(not qualified for deployment)		GTC-4973				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Use of hydrogen as a non carbon fuel source		Fuel Substitution		Lower NCF fuels/energy sources		S		L		S						x										x

		Direct hydrogen combustion in fuel system 		In Development				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Dual firing hydrogen and natural gas or fuel gas		Fuel Substitution		Lower NCF fuels/energy sources		S		L		S						x										x

		Lower Carbon, Flexible-Fuel Power Generation		GTC-5695				DCAF#63 GHG and Energy Mgmt Plan, Accountable Disc: Process Engr		Mainspring generator enables users to switch between fuel sources, improves energy efficiency, and reduces emissions.		Fuel Substitution		Lower NCF fuels/energy sources		S		L		S						x

		Building heating								Use of biofuels as alternative to gas or fossil fuels		Fuel Substitution		Civil				S		S		L				x

		Marine Craft - see pipelines item										Fuel Substitution		Offshore Structures												x

		Marine Craft								Use of LNG, hydrogen or biofuels as fuel, or fuel additives to increase efficiency for marine craft		Fuel Substitution		Pipelines				S		S		L		S		x										x

		Pumping station fuel								Use of Bio fuel instead of diesel		Fuel Substitution		Pipelines				S		S		L		S		x										x

		Methane Best Available Technologies				Methane BAT				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Reductions		L		S		S		S		S		x

		Flare Learning Board				Flare LB				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Reductions		L		S		S		S		S		x										x

		IOGP Flaring & Venting Best Practices				IOGP F&V				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Reductions		L		S		S		S		S		x										x

		Leak Detection & Repair Methane Reduction				LDAR				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Reductions		L		S		S		S		S		x

		Methane Guiding Principles				MGP				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Reductions		L		S		S		S		S		x

		Standard Production Solutions CCUS				STPS CCUS				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Mitigations		L		S		S		S		S		x

		Standard Production Solutions GHG Mitigation Strategies				StPS GHG				Emission reduction resource - use link to see listed opportunities		Direct emission reduction		Mitigations		L		S		S		S		S		x

		Electric driven air compressors		GTC #5456						Selection of electric driven air compressors		Direct emission reduction				S		L								x

		Centrifugal compressor seal design		GTC #4807						Installation of dry gas seals for centrifugal compressors		Direct emission reduction				S		L								x

		Atmospheric storage tank venting								Installation of scrubbers or similar systems to capture the normal vent streams from atmospheric storage tanks to reduce emissions from the tanks		Direct emission reduction				L		S								x

		Manually operated valve design								Selection of low emission packing for sealing the stem with manually operated valves		Direct emission reduction						L								x

		Flare system design								Installation of flare gas recovery systems		Direct emission reduction				S		L								x

		Gas Leak Detection and Mitigation								Use of gas leak detection techniques to quickly identify and minimize volume of any emission sources.
Use of SLD (Shell Leak Detection) for product pipelines can indirectly reduce emissions.		Direct emission reduction		Direct emission reduction						L						x

		Selection of Seal-less pumps or compressor								Use of seal less pumps and compressors to prevent emission leaks from process equipment		Direct emission reduction		Direct emission reduction		S		L		S						x

		Remote working options (design, FAT, and automation) 								Consider options to reduce GHG footprint associated with travel. 
Consider remote FAT to be assessed on case by case basis, may not be successful for large projects and hardware checks.
Increase in complexity of PCD security requriements. 		Direct emission reduction		Direct emission reduction		S		S		S		S		L		x

		Direct emission measurement for better control of vents/flares/methane emissions of valve packing								Installation of measurement instruments and control systems to identify and reduce emissions.
For example, acoustic emission detection embedded with AI based technology.		Direct emission reduction		Direct emission reduction		S		S		L						x

		Smart Choke		GTC-3391						Extension of field life by enabling a low flow rate production to mitigate slugging issues in pipeline/riser systems.  		Energy efficiency		Optimize production efficiency 		L		S		S						x

		Gas Breakthrough Control		GTC-3365						Maximize stable liquid production and preventing excessive gas breakthrough		Energy efficiency		Optimize production efficiency 		L				S						x

		Proactive technical monitoring (PTM)		GTC-5644						Detection and intervention of problems that are evolving on longer time scale than operators see, i.e. the Bridge in New Orleans.  		Direct emission reduction		Condition based monitoring (trip avoidance)		L		L		L		L		L		x

		Instrument Asset Management System (IAMS)		GTC-5618						Smart devices are recording faults and alerts into central system that maintenance monitors to perform work proactively.

		Direct emission reduction		Condition based monitoring (trip avoidance)						L						x

		Electric Waveform Monitoring of Motors and Driven Equipment - VEROS		GTC-3209						Use of monitoring and analytics of data to predict failures and proactively respond to prevent unplanned trips. 		Direct emission reduction		Condition based monitoring (trip avoidance)						L						x

		Meg-Alert Automatic Insulation Resistance Tester		GTC-4605						Use of monitoring and analytics of data to predict failures and proactively respond to prevent unplanned trips. 		Direct emission reduction		Condition based monitoring (trip avoidance)						L						x

		Reduced emissions from operations of buildings								Sensors to provide data to enable more efficient real time operation		Direct emission reduction		Civil				S		S		L				x

		Landscaping								Incorporate biophilia (vegetation) in landscape		Direct emission reduction		Civil								L		S						x

		Encourage sustainable travel to buildings								Facilitate E car and cycle charging, provision of cycle storage & changing, proximity to public transport		Direct emission reduction		Civil						S		L		S		x										x

		Permanent Formwork		GTC # 4860						Reduced emissions from reduction in work scope (lifting formwork in & out + waste from timber formwork). Note plastic formwork left in the ground is a negative consideration, but can be recovered during demolition.		Direct emission reduction		Civil								L		S		x

		Containerized Material Offloading Facility (MOF)		GTC # 4171						Reuse of materials and reduction of new material use.		Direct emission reduction		Civil								L		S				x						x

		Eco-Engineering Coastal Protection - Green Soil Bags		GTC # 4448						Alternative to hard coastal protection using nature based solution		Direct emission reduction		Civil								L		S				x		x

		Eco-Engineering Coastal Protection - Mangroves		GTC # 4446						Alternative to hard coastal protection using nature based solution		Direct emission reduction		Civil								L		S				x		x

		Eco-Engineering Coastal Protection - Salt Marsh Estuary		GTC # 4450						Alternative to hard coastal protection using nature based solution		Direct emission reduction		Civil								L		S				x		x

		Constructed Wetlands for Storm Water/Snowmelt Runoff Treatment		GTC # 4429						Lower GHG, increase local content and community benefit		Direct emission reduction		Civil								L		S				x		x

		Installation manning philosophy								Normally Unattended Installations (NUI)		Direct emission reduction		Offshore Structures		S		S		S		S		L		x

		Condition monitoring								Use of remote condition monitoring using sensors and robotics, cameras		Direct emission reduction		Offshore Structures		S		S		S		S		L		x

		Fabrication optimisation through design and layout								Optimise fabrication resources (handling/lifting) through layout and design configuration - Appomatics good example		Direct emission reduction		Offshore Structures		S		S		S		L		S				x						x

		Platform Access choices 								Choice of vessels (walk to work) instead of helicopter as default access		Direct emission reduction		Offshore Structures				S		S		L		S		x										x

		Onshore gas pipeline venting design								Design to include facilities to compress gas into next section using trailers with compression units instead of venting between valve stations during intrusive maintenance		Direct emission reduction		Pipelines				S		S		L		S		x										x

		Offshore gas pipeline venting		GTC-4895						optimise hydrate management strategy  - reduce or eliminate need for blow down (example Arran monitoring sea bed temps to optimise methanol use)		Direct emission reduction		Pipelines		L		S		S		S				x

		Subsea gas pipeline venting		GTC-4895						optimise hydrate management strategy  - reduce or eliminate need for blow down (example Arran monitoring sea bed temps to optimise methanol use)		Direct emission reduction		Subsea		L		S		S		S				x

		Production optimisation based on Metocean forecasting								Opportunity in increase efficiency of processes based on real time Metocean forecasting (example: FLNG sea water temp forecasting to optimise the refrigerant mixture)		Direct emission reduction		Metocean		S		S		S		L		S		x

		Metocean measurement campaign 								Reduce vessel service visits (GHG reduction) to Metocean measuring buoys through increased reliability of moorings (more robust design) and minimisation of marine growth (choice of materials and coatings) and longer battery life/solar and/or wind powered		Direct emission reduction		Metocean								L		S		x

		Water Risk Based Assessment				WAT						Natural resource conservation 				L		S		S		S		S

		Waste Circularity Assessment Method (Material Outflows)				WCAMMO						Natural resource conservation 				L		S		S		S		S

		Waste & Circularity in Supply Chain				WCSC						Natural resource conservation 				L		S		S		S		S

		Replace steam turbine drivers with e-motors		GTC-4758		E-Motor Toolkit				Anything that requires condensation of steam results in water loss to the environment.  Electrifying that shaft power eliminates the water loss.		Natural resource conservation 		Conservation of Material		S		L		S						x						x																consider combination

		Use of e-heater vs utility steam				Power to Heat Toolkit				Anything that requires condensation of steam results in water loss to the environment.  Electrifying that shaft power eliminates that water loss.		Natural resource conservation 		Conservation of Material		S		L		S						x						x																consider combination

		Advanced Process Control (APC)  efficiency improvements, optimize water usage								APC is a general optimization tool that can be directed to conserve resources, such as water, fuel, electricity, etc.  		Natural resource conservation 		Conservation of Material		S				L						x						x

		Real Time Optimization (RTO)								RTO is a general optimization tool that can be directed to conserve resources, such as water, fuel, electricity, etc.  		Natural resource conservation 		Conservation of Material		S				L						x						x

		Use of cardboard cabinet frame for server shipments to minimize shipping materials and use recyclable components										Natural resource conservation 		Conservation of Material										L				x						x														 

		Land use								consider Brownfield and Grayfield sites over Greenfield sites		Natural resource conservation 		Civil 								L		S						x				x

		Site Selection								proximity to existing infrastructure to minimise construction scope and limit operational transport emissions		Natural resource conservation 		Civil 								L		S		x		x

		Site Selection								consider climate change implications which could impact site selection ( flooding, water supply, transport etc) to minimise built scope		Natural resource conservation 		Civil 								L		S				x				x

		Reduced drainage scope & reduced run off and ground water resupply								design in Sustainable Urban Drainage Systems (SUDS) and/or minimise hard paving		Natural resource conservation 		Civil 								L		S				x

		Building orientation								conserve energy by maximising natural resources		Natural resource conservation 		Civil 				S				L		S		x

		Roof gardens on buildings								increase biodiversity of building/project		Natural resource conservation 		Civil 								L		S						x

		Constructed Wetlands for Produced Water		GTC-4428						Lower GHG, increase local content, augment/restore local ecosystems		Natural resource conservation 		Civil 		S		S		S		L		S		x		x		x		x

		Site selection								Reduction of impact on sea bed		Natural resource conservation 		Offshore Structures								L		S						x

		Substructure painting								Not using antifouling paint on jacket structure to promote marine life.		Natural resource conservation 		Offshore Structures								L		S						x

		Ballast water								Consider risk of ballast water bringing invasive species to location		Natural resource conservation 		Offshore Structures								L		S						x

		Timber used for Mudmats, cribbing and drilling floors etc 								Opportunity to use sustainable timber (FSC) - but note risk of timber bringing invasive species to location		Natural resource conservation 		Offshore Structures								L		S				x

		Oxy scavenging chemicals								Eliminate need for oxy scavenging chemicals by improved performance of deoxygenation plants (on host)		Natural resource conservation 		Pipelines		L		S				S		S		x

		Onshore pipeline hydraulic testing								Reuse of test water from section to section - optimise length of test sections		Natural resource conservation 		Pipelines								L		S								x

		Oxy scavenging chemicals								Eliminate need for oxy scavenging chemicals by improved performance of deoxygenation plants (on host)		Natural resource conservation 		Subsea		L		S				S		S		x

		Installation of sufficient instrumentation to maximum use of Virtual Corrosion engineer		GTC-5501						Use of the VCE tool may allow for selection of a less expensive material of construction (or thinner material of construction) given the improved ability to monitor the mechanical integrity of the system		Material efficiency				S		L		S								x

		LNG storage tank material selection		GTC #4788						Selection of 7% Nickel TMCP steel materials rather than 9% Nickel materials for construction of LNG storage tanks		Material efficiency						L										x

		Specification of Pyrogel insulation for piping and equipment		GTC-2998						Aerogels are flexible insulation blankets with the lowest thermal conductivity of any insulating material that is available. The insulation thickness is significantly reduced for an equivalent thermal performance and spacing of lines in piperacks can be reduced due to the reduced insulation thickness requirement.  This reduces the overall quantity of steel and concrete needed for main pipe rack construction.		Material efficiency				s		L		s		s						x

		Close mounted instrumentation reducing material usage
(Collaboration with Human Factors Engr)								Reduction in material usage through close mounted displays.  Must collaborate with Human Factors Engineering to ensure safe working environments for operators and technicians.  		Material efficiency		Minimum Technical Requirements Design Basis						L								x

		Wireless technology								Reduces the use of materials like wiring, conduit, cable tray, etc. through the reduction in hard-wired instruments.  Work with OT to ensure PCD security requirements are met.
Potential Downside: Wireless instruments require batteries (even if solar panels are used).  These batteries do require replacement which increases the use and waste of other materials like Lithium.		Material efficiency		Minimum Technical Requirements Design Basis		S		S		L								x

		Use of smart switchgear 								Reduction of hard-wired systems through smart technology application in switchgear/MCCs.		Material efficiency		Minimum Technical Requirements Design Basis						L								x

		Substation location near loads								Reduce material usage by locating substations near loads to minimize cable lengths and overall cable usage of the distribution system.		Material efficiency		Minimum Technical Requirements Design Basis						L								x

		Subsea Switchgear		GTC-3908						Reduction in material usage through close mounted switchgear.		Material efficiency		Minimum Technical Requirements Design Basis						L								x

		Minimise hard drainage								Use of soft landscaping and Sustainable Urban Drainage Systems (SUDS)		Material efficiency		Civil								L		S				x

		Site Master Planning - buildings								co-locate teams and functions to minimise independent buildings		Material efficiency		Civil								L		S		x		x

		Design for Manufacturing and Assembly								Miniimised waste and maximised material efficiency by optimised replicated designs. Also has Minimised Waste and Design for Disassembly benefits.		Material efficiency		Civil				S		S		L		S				x						x

		Single Containment Cryogenic tanks		GTC-3844						GHG reduction from reduced concrete volumes compared to stick built full containment LNG Tanks		Material efficiency		Civil		S		S		S		L		S				x

		Precast Full containment cryogenic tanks		GTC-4828						GHG reduction from reduced concrete volumes compared to stick built full containment LNG Tanks		Material efficiency		Civil		S		S		S		L		S				x

		Modular full containment cryogenic tanks		In Development						GHG reduction from reduced concrete volumes compared to stick built full containment LNG Tanks		Material efficiency		Civil		S		S		S		L		S				x

		Ground Improvement		GTC # 4596						Reduce foundation material use through ground improvement instead of hard foundation engineering (piles or deep foundations)		Material efficiency		Civil				S				L		S				x

		Standardisation of steel components								Use of a standardised set of steel components and connections to optimise fabrication efficiency and minimise waste		Material efficiency		Offshore Structures				S				L		S										x

		Design steel grade								Use of higher grade steel (up to and including 80 KSI (650mpa) grade steel) results in reduction in total material use 		Material efficiency		Offshore Structures				S				L		S				x

		Design steel grade								Use of higher grade steel (up to and including X70 grade steel) results in reduction in total material use 		Material efficiency		Pipelines				S				L		S				x

		Materials for pipeline riser appurtenances (buoyancy/fairings)								Use of copper nickel impregnated materials for pipeline riser appurtenances (buoyancy/fairings) reduces marine growth removal activities		Material efficiency		Pipelines				S				L		S		x

		Splash zone coating								Use of anti fouling coating reduces marine growth removal activities		Material efficiency		Pipelines				S				L		S		x

		smaller & lighter subsea systems		GTC entry in progress						use of 3d printed components - 60% reduction on weight + large waste reduction - PTX workstream on this		Material efficiency		Subsea		S		S		S		L		S				x						x

		Materials for riser & umbilical appurtenances (buoyancy/fairings)								Use of copper nickel impregnated materials for riser & umbilical appurtenances (buoyancy/fairings) reduces marine growth removal activities		Material efficiency		Subsea				S				L		S		x

		Selection of umbilical-less solutions		GTC-4395						allows for the removal of chemical delivery through the umbilical by storing the chemicals at the drill centre in fluid storage modules, and distributing through subsea pump systems.		Material efficiency		Subsea		S		S		S		L		S				x

		Selection of umbilical-less solutions								power and chemical injection at drill centre		Material efficiency		Subsea		S		S		S		L		S				x

		Carbon Capture & Storage (CCS) material selection		GTC#5760						Materials Selection and testing for CCS & New Energy Application		Material selection				S		L								
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		Material selection		GTC#5759						Assessment and use of polymer and composite materials rather than conventional metallic materials.  Appropriate polymer & composite materials selection can offer better corrosion resistance, lower life cycle cost, faster construction, reduced maintenance, and weight reduction possibilities.		Material selection				S		L										x

		Material selection		GTC#5758						Metallic materials selection and performance assessment.  Construction materials often contribute 20-30% of the total project cost.  Cost differential between two grades of alloy materials can be as high as 15 times.  Enabling the selection of lower cost material (either through advanced corrosion modelling or laboratory testing) can provide large CAPEX savings.  Optimal material selection often leads to lower life cycle cost as well.		Material selection				S		L										x

		Transformer fluid options		Requires update  of DEP and datasheet to become default selection.		DEP specification				Consideration of biodegradable, such as ester fluids, versus the typical mineral oil specification.		Material selection		Electrical						L								x						x

		Battery types				DEP specification				Consideration of batteries with lower carbon footprint in the mining and manufacturing process.		Material selection		Electrical						L								x

		Non-SF6 options for GIS				DEP specification				Use of alternative insulating materials such as Siemens blue GIS using dry, compressed air.		Material selection		Electrical						L								x

		Lower CO2 concrete - CarbonCure		under assessment						CarbonCure Ready mix concrete - CarbonCure injects CO₂ into your ready mix where it converts to a mineral, improving compressive strength. This allows you to optimize your mix designs, safely reducing cement content and lowering the carbon footprint of your concrete—with no impact on quality or performance.		Material selection		Civil								L		S				x

		Lower CO2 concrete - Geopolymer		Commercially available						Concrete made with Geopolymer binder to replace Portland cement binder has significantly lower GHG emission (~25% of OPC cement).		Material selection		Civil								L		S				x

		Use of timber in buildings								use of sustainable wood in construction, especially in buildings, is an effective way to reduce carbon emissions		Material selection		Civil								L		S				x

		Use of recycled materials								Many opportunities particularly for buildings, street furniture and landscaping (plastic, glass, timber, steel)		Material selection		Civil								L		S				x						x

		concrete using recycled aggregates and cement								Reduced embodied carbon. Recycled concrete aggregate is a sustainable way to commit to the circular economy during the production of concrete. The waste cement paste from demolished concrete can also be used to produce recycled cement. Rapidly growing capabilities in industry (e.g. CEMEX).		Material selection		Civil								L		S				x						x

		bitumen with recycled plastic		GTC entry in progress						GHG benefit in using recycled materials in place of new hydrocarbon materials. Has been successfully used at Monaca		Material selection		Civil								L		S				x						x

		green steel (structures, piping and pressure vessels)								Green steel is the manufacturing of steel without the use of fossil fuels, so the sustainably benefit is massively reduced CO2 emissions from it's production 		Material selection		Civil				L				L		S				x

		geotechnical  - ground improvement								use preload , ground stabilisation as opposed to piling		Material selection		Civil								L		S				x

		Aerogel Insulation for Cryogenic LNG Process		GTC-5428						Reduced volume and weight result in a Carbon Footprint reduction in transportation. Other benefits cost/speed/space.		Material selection		Civil		S		S		S		L						x

		OSBL cost reduction by using High Performance Concrete		GTC # 3895						Reduced CO2 intensity through volume reduction and related reduced work scope. 		Material selection		Civil								L		S				x

		Concrete Canvas		GTC # 4594						GHG reduction from much reduce material use (45%reduction vs reinforced concrete alternative)		Material selection		Civil								L		S				x

		Corrosion protection philosophy								Optimising CP design by coating protection. Opportunity to minimise material consumption and use of special anode metals		Material selection		Offshore Structures						S		L		S		x

		Selection of green chemicals for water injection (biocides, inhibitors and oxy scavengers)								use green chemicals (assess as testing may be needed)		Material selection		Pipelines		L		S		S		S		S								x

		Selection of green chemicals for production (hydrate , wax, scale  inhibitors, corrosion inhibitors and biocide/oxy scavengers (commissioning))								use green chemicals (assess as testing may be needed)		Material selection		Pipelines		L		S		S		S		S								x

		Internal flow coating		GTC# 5849						use of epoxy flow coating (gas transmission lines) or diamond like coating - reduces friction and hence compression power + pipeline wall thickness reduction - 		Material selection		Pipelines		S		S				L		S		x		x

		Use of Thermoplastic composite pipe		GTC # 4765						Fully recyclable and no need for corrosion inhibitor		Material selection		Pipelines		S		S				L		S				x						x

		concrete weight coating for pipelines		in development						vertical forming - reduces CO2 footprint - manufacturing and reinforcing + pipe steel steel reduction		Material selection		Pipelines				S				L						x

		Environmental performance of Hydraulic fluid								Design for with Improved environmental performance products		Material selection		Subsea				S				L		S								x

		Reuse temp power skid moved from well to well (microturbines)								Recycle or recuse of equipment or material.		Design for disassembly		Circularity						L								x						x

		Recuse Subsea HIPPS 								After reservoir reduction, opportunity to move where needed.		Design for disassembly		Circularity				S		L								x						x

		Standardized subsea control design for option to relocate								Opportunity to move from one valve to another.		Design for disassembly		Circularity						L								x						x

		Modular substations								Self-contained modular substations are more conducive to disassembly and removal than permanent building structures.		Design for disassembly		Modular design						L		S												x

		Plug n play installations								Opportunity for quick connect and dis-connect.  Easier to deal with obsolescence by component versus larger system.  
For example, quick disconnecting means for motors, MOVs, temporary power/lighting, microturbines, HIPPS systems, etc.  Design for disassembly for reuse of equipment elsewhere.		Design for disassembly		Circularity				S		S				L										x

		Plastics								Marking to enable efficient demolition, recycling		Design for disassembly		Civil		S		S		S		S		L										x

		Decommissioning Philosophy				Facilities Decommissioning Philosophy 				Optimise design for disassembly and recycling		Design for disassembly		Offshore Structures				S				L												x

		Use of Thermoplastic composite pipe		GTC # 4765						Fully recyclable and can be re-reeled		Design for disassembly		Pipelines		S		S				L		S										x

		Selection of umbilical-less solutions				StPS				eliminates need to recover trenched or buried umbilicals		Design for disassembly		Subsea								L						x

		Improving take-off and material ordering control, and reducing scrap materials								Only procure the materials that are actually needed, rather than adding 10% or more extra material to address inaccurate estimates in material take-off's		Minimise waste						L										x						x

		Electrodeionization (EDI) 		GTC-5802						Water deionization process that uses a combination of ion-exchange resins, ion-exchange membranes and direct current to continuously deionize water for boiler feedwater preparation, with no requirement of regeneration chemicals that typically used in conventional ion-exchange process.		Minimise waste		Reduce chemical, material, or fuel requirements		S		L		S														x

		Virtualization/OPAS								Maximize capacity of existing servers to minimize overall hardware requirements.

Design of BPCS/SIS/FGS virtual server as defaiult.  		Minimise waste		Reduce chemical, material, or fuel requirements						L								x						x

		Optimize lubrication (idea - not mature process)								Optimize lubrication to minimize waste oil.		Minimise waste		Reduce chemical, material, or fuel requirements				L		S														x

		Production Nomination Control or Injection Automation		GTC-4904						Reduce wasted production through accurate estimating of production, for example estimating polyethylene production at SPM.
Fully automate chemical injection controller for Scale Inhibitor, Corrosion Inhibitor, Emulsion Breaker etc. to prevent over-injection and eliminate waste.  		Minimise waste		Minimize waste through improved control and automation		S		S		L														x

		Permanent Formwork		GTC # 4860						Alternative to traditional timber formwork which generate a lot of waste. Note plastic formwork left in the ground is a negative consideration, but can be recovered during demolition.		Minimise waste		Civil								L		S										x

		Site prep								use local recycled materials (crushed concrete)		Minimise waste		Civil								L		S				x						x

		Packaging								minimise packaging or use sustainable materials or recyclable materials from purchased resources (food, desks, equipment)		Minimise waste		Civil				S				L		S										x

		Site selection								avoid need to build camp for construction		Minimise waste		Civil								L		S				x						x

		Standardisation of steel components								Use of a standardised set of steel components and connections to optimise fabrication efficiency and minimise waste		Minimise waste		Offshore Structures								L		S										x

		linepipe materials								minimise packaging or use sustainable materials or recyclable materials from purchased resources 		Minimise waste		Pipelines				S				L		S										x

		spares storage & inspection								minimise packaging or use sustainable materials or recyclable materials from preservation and storage of spares		Minimise waste		Subsea				S				L		S										x

		sponsor local universities, colleges, trade apprenticeships								Help build knowledge and skills in the local area		Community 		Civil		S		S		S		S		L																x

		infrastructure that benefits community								roads, telecom masts, water treatment that also benefit the local community and may transfer into local ownership		Community 		Civil		S		S		S		L		S														x						x

		look at sponsoring investment opportunities that produce sustainable energy, materials or business solutions								e.g. structural insulated panel system (SIPS) panels - high efficiency		Community 		Civil		S		S		S		S		L																		x

		Topography								Use topography to minimise impact - maximising retention of natural habitats		Community 		Civil								L		S						x

		Eco-Engineering  Costal Protection- Sand/Mud Engine		GTC-4443						Lower NTR due to positive effect at down-drift coastal locations and recreational/tourist benefits		Community 		Civil								L		S										x				x

		Fishing Access through wind farms								Provide fishing access within wind farms		Community 		Offshore Structures								S		L														x

		landfall design/crossings								Minimise impact through use of HDD & (Micro)-tunnelling as alternative to open cut (Linorn - rerouting)		Community 		Pipelines				S				L		S						x														x

		Design consideration of fishing community								Avoid operational issues and conflict		Community 		Subsea								L		S														x

		Sharing Metocean data								Connect with other marine users in the local communities and share Metocean data. Typically this involves sharing collected data and in some cases real time (GOM is an example). For fishing/fish & pearl farming their interest is in currents and temperatures. Research and environmental groups also benefit from shared data.		Community 		Metocean								L		S														x

		Select equipment suppliers based on the total carbon footprint for the product each vendor offers.  Evaluate the complete carbon footprint including emissions associated with shipping of raw materials from suppliers to assembly/fabrication site and emissions associated with shipping the completed product (where fabricated or assembled in a remote shop) to the installation site.								Consider use of suppliers located near the installation site versus global suppliers where final product requires shipping over long distances.		Supply Chain & Workforce						S		S				L				x														x

		Supply chain management								Work with global suppliers to act locally to improve lead times		Supply Chain & Workforce		Material and service sourcing considerations				S		S				L																		x

		Supply chain management								Balance global and regional sourcing of equipment and materials.  Use of local suppliers can reduce delivery distances and the CO2 emissions associated with transportation of equipment and materials.		Supply Chain & Workforce		Material and service sourcing considerations				S		S				L																		x

		 Division of Responsibility								Create Division of Responsibility document to understand where best to acquire resources/materials		Supply Chain & Workforce		Material and service sourcing considerations		S		S		S		S		L																		x

		local suppliers (materials, labour & services)								Prioritised selection of local suppliers to develop local economy, skills and opportunities and also to minimise transportation emissions		Supply Chain & Workforce		Civil		S		S		S		S		L				x												x		x

		Investment in development of sustainable materials production								Support the development of sustainable materials through investment and collaboration  		Supply Chain & Workforce		Civil		S		S		S		S		L																x		x

		local recycling/reuse								decommissioning opportunity to give back materials/reuse and recycle		Supply Chain & Workforce		Civil		S		S		S		S		L										x				x

		Vessel selection and supply								Sharing installation vessels with other local operators		Supply Chain & Workforce		Offshore Structures								L		S				x										x				x

		Pipeline linepipe manufacturers - requirements - cross with SuIE - David								Embed requirements for suppliers to demonstrate sustainability performance in bids 		Supply Chain & Workforce		Pipelines				S				L		S																x		x

		Subsea equipment manufacturers - requirements - cross with SuIE - David								embed requirements for suppliers to demonstrate sustainability performance in bids 		Supply Chain & Workforce		Subsea		S		S		S		S		L																x		x

		Construction site sustainability survey								Maxmise the capability and capacity of the local supply chain
Inform design and execution decisions related to sustainability and GHG through greater understanding of the site, local infrastructure, and local supply chain
Survey should provide current situation and viable potential options including on the following topics:
Temporary facilities
Construction & Commissioning utilities
Early works
Infrastructure (to support EXECUTE and OPERATE)
Local supply chain capability and capacity (to support EXECUTE and OPERATE)
Waste management		Supply Chain & Workforce				S		S		S		S		L																x		x

		Construction and commissioning stage utilities								Maximise energy efficiency of construction and commissioning stage utilities - Power / Fuel / Water / Waste water
Focus on the energy efficiency of construction and commissioning stage utilities
Reduce the energy demand (use and/or demand of energy users)
Use more efficient power generation sources
Intergrate with existing or new permanent assets
Construction and commissioning temporary power grid		Energy Efficiency				S		S		S		S		L

		Construction and commissioning stage utilities								Maximise use of renewable energy through provision of construction and commissioning stage utilities - Power / Fuel / Water / Waste water
Through selection of renewable power generation sources
Intergrate with existing or new permanent assets
Could be national / regional - renewable energy purchase agreements
Could be local renewable power grids
Enable electrification of the construction and commissioning execution
Enable hydrogen / renewable infrastructure for construction and commissioning execution		Renewable Energy & Electrification				S		S		S		S		L

		Construction and commissioning stage utilities								Maximise use of renewable fuels and/or less GHG intensive fuel options during the construction and commissioning stage
Through selection of renewable / lower GHG emission fuel sources
Intergrate with existing or new permanent assets
Enable hydrogen / renewable infrastructure for construction and commissioning execution		Fuel Substitution				S		S		S		S		L

		Construction and commissioning stage utilities								Minimise GHG emissions of construction and commissioning stage utilities - Power / Fuel / Water / Waste water
Through selection of renewable / lower GHG emission power generation sources
Intergrate with existing or new permanent assets
On site nitrogen generation for construction and commissioning - also opportunity to use existing asset		Direct Emission Reduction				S		S		S		S		L

		Local procurement of permanent materials and equipment								Minimise/positively impact on sustainability factors for community through local procurement of materials and equipment
Minimise embodied GHG of procured materials and equipment
Maximise use of local supply chain - materials, equipment, contractors		Community						S		S		S		L				x														x

		Local procurement of permanent materials and equipment								Maxmise the capability and capacity of the local supply chain through procurement of materials and equipment
Leverage construction site sustainability survey
Maximise use of local supply chain - materials, equipment, contractors		Supply Chain & Workforce						S		S		S		L				x														x

		More service agreements/ EFAs to reduce resource time and procurement lead times.								Minimize waste through reducing cost to develop and review bid packages.  Improve supplier performance and material lead time through proactive communication and long term relationship with supplier. 		Supply Chain & Workforce		Minimize waste 		S		S		S		S		L														x				x

		Modularisation / offsite build								Minimise GHG emissions of construction execution by moving scope and workhours away from the work front through modularisation / offsite build
Reduce the embodied GHG of construction by executing work at a more energy efficient, less GHG intensive location
Energy efficiency opportunities / reduce energy demand at the offsite location
Selection of more efficient, renewable / lower GHG emission power generation sources
Intergrate with permanent assets
Offsite construction and commissioning temporary power grid

Incentivise offsite location to reduce GHG emissions:
- Include incentive to reduce emissions
- Include GHG emission as a criteria for yard selection
- Monitor and obligate yard to report GHG emissions		Direct Emission Reduction				S		S		S		S		L				x

		Modularisation / offsite build								Minimise/positively impact on natural resources, reduce the footprint of construction execution, by moving workhours away from the work front through modularisation / offsite build
Minimise size of construction site, temporary facilities, and infrastructure		Natural Resource Conservation				S		S		S		S		L						x

		Modularisation / offsite build								Leverage modularisation / offsite build to maximise design for disassembly
Consideration of end of life reuse, repurpose. recycle, disposal including associated GHG emissions		Design for Disassembly				S		S		S		S		L										x

		Modularisation / offsite build								Minimise waste from construction execution by moving scope and workhours away from the work front through modularisation / offsite build
Consider all hazardous and non-hazardous waste streams
Material waste
By-products
Packaging waste		Minimise Waste				S		S		S		S		L										x

		Modularisation / offsite build								Minimise/positively impact on sustainability factors for community through modularisation / offsite build
Design to maximise capability and capacity of local workforce during construction and commissioning stage
Design to minimise impact on local community during construction and commissioning stage
Design to provide long term benefits to local community infrastructure from construction and commissioning stage		Community				S		S		S		S		L				x														x

		Modularisation / offsite build								Maxmise the capability and capacity of the local supply chain through modularisation / offsite build		Supply Chain & Workforce				S		S		S		S		L				x														x						 
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