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Optimization Considerations

= What is Optimization?
— True optimization focuses on production, not just electrical cost

= \What's your metric?
— kWhr/bbl, kWhr/bbl/1000ft, etc...

= Establish a baseline
— Track your progress towards the goal
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First, let’s talk about what Optimization means…
When people talk about electrical optimization they’re usually talking about reducing “Opex” – but be careful -  In ESP applications one of the primary drivers is usually reducing kWhr consumption, however focusing solely on reducing kWhrs is the wrong approach.  The oil field is a dynamic environment – in ESP applications you have multiple factors that are inter-related – so you can’t really pick one thing (or at least you shouldn’t pick one thing) and say I’m going to optimize THAT - without considering how changes in that one parameter effect everything else.

Let’s not forget that the reason that you’re utilizing an ESP in the first place is to optimize production – so we can’t lose sight of how production is affected when we’re making electrical changes – this seems obvious, but it is possible to improve electrical efficiency and have production suffer – usually even small (negative) changes in production will offset any electrical cost savings…so it’s an important consideration…you don’t want to go to all the trouble of electrically optimizing your equipment and then actually lose money because your production suffers.
So, before embarking on your optimization effort keep these points in mind – What’s your driver?  If it’s only reducing electrical cost, you need to refocus – what you should be saying is that we want to optimize the ratio of kWhr to barrels produced.
Now I’ve just mentioned one “metric” : kWhr/bbl.  Without metrics, you can’t evaluate your progress towards the goal.  So decide what your metric will be – kWhr/bbl, kW/bbl/1000ft etc…

Lastly, for whatever metric you choose make sure you establish a baseline to measure your progress against – if you’re measuring kWhr/bbl, how are you measuring kW consumed (hopefully you’re doing so on each individual well), how are you measuring bbl production – unless you’re using a really expensive flow meter, these aren’t 100% accurate – especially if you have a multiphase flow – so be aware of the margin for error, and the limitations of your equipment when undertaking an optimization effort.


Optimization Technology

= Variable Speed Drive
— Adapt to changing well conditions
— Variable speed enables production to be maximized
— Less-stressful start promotes increased run life
= Real-time Monitoring and Control
— Know immediately when downhole conditions change
— Excellent analysis tool
— Remotely control your equipment
= Chemical Injection
— Chemical manipulation of well environment for maximum production
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This can include technologies like a employing a VSD to your well that has traditionally run on a switchboard – for instance if you have a well in which conditions have changed over time, maybe your original equipment sizing isn’t getting the job done anymore operating at only 60Hz.  A drive is technology that’s intended to optimize your well – because with a drive you can adapt to changing conditions, and this ensures that you’re always going to optimize production for whatever your conditions are… Not only adapt to changing conditions, but you may achieve longer equipment run times using a drive, because equipment start-up with a drive is inherently “soft” this means it places considerably less stress on the shaft and the motor than a start-up with a  direct online system (where you may have start-up currents of 7-10 times the motor nameplate) – so if you have longer equipment run times, fewer equipment pulls, obviously your production is being optimized just by having equipment operating down hole for a longer period of time.
Monitoring technologies are essential if your going to be optimizing a field – you need to have some way of knowing when conditions change in real time so you can respond accordingly.  Being able to monitor and control aspects of your field in real time can vastly improve the overall performance of your field – I know a lot of the oil patch is still operating on 1970’s technology (even 1950’s technology), but it’s time to bring things into the digital age – we have the capability to monitor flow, kWhr consumption, motor amps, bottom hole temp and pressure, as well as a host other parameters in real time from your web browser on your blackberry.
And it’s not only limited to monitoring - there are a lot of these parameters that we can control remotely as well – if you have a VSD on your well and some kind of SCADA system you can change the speed of the VSD which obviously changes your production rate, you can control chemical injection rates if you have that option on your well – so the possibilities and the flexibility of this technology are endless.
And it’s not only limited to monitoring - there are a lot of these parameters that we can control remotely as well – if you have a VSD on your well and some kind of SCADA system you can change the speed of the VSD which obviously changes your production rate, you can control chemical injection rates if you have that option on your well – so the possibilities and the flexibility of this technology are endless.

Of course chemical technologies, for those that attended the talk that my colleague gave earlier today – depending on your well chemistry, there may be chemicals that you could introduce to the well to reduce scale, reduce tubing friction, etc – all of this is focused on optimizing production.

Of course all of these methodologies can be combined as well, if you’re looking at optimizing everything in your field – you can do a combination of equipment optimization, introduce new equipment like VSDs to optimize production, chemical injection to optimize the output from your wells, as well as real time monitoring on parameters like production, motor current/power consumption, bottom hole temp/pressure etc.

I’ll go into these subjects a little more in depth in the following slides…but there’s really not enough time in an hour to go into all these subjects, so I’ll primarily focus on motor rerating, field wide optimization from the electrical POV, and utilizing Variable Speed Drives…


Optimization Approaches

= Reduce the electrical cost per barrel of fluid

= |ncrease fluid production for the same electrical cost

= Combined optimization of fluid production and electrical cost
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Optimization Methodologies

= Reduce the electrical cost per barrel

1) Reduce the total HP load on the motor (for the same, or increased, fluid
production)

2) Optimize electrical “system” efficiency
= Transformer losses
= Cable losses
= ariable speed drive efficiency
= Motor efficiency
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Methodology: Motor Efficiency Optimization

= Motor nameplate rating is a guide
= Each motor is capable of many different HPs
= Best Efficiency Point (BEP) corresponds to lowest motor current

= Motor curves
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When we talk about best practices for equipment optimization – One thing we might look at a is a technique called “re-rating” the motor.  To talk about motor “re-rating” I need to talk about ESP motors a little bit.

The first thing that you need to understand about motors is that each individual motor has a rating: voltage, current and HP – which is kind of a basic statement of it’s capabilities – however, every motor can produce a variety of different HPs – it all depends on the load that’s placed on it – the way that the motor behaves under load is determined by the motor characteristics – each motor has a characteristic curve (voltage, current, PF, efficiency, etc.)a motor rating is intended as a guide for the motor operator or the applications engineer – the motor will just respond to whatever application you put it in – it could care less what it’s rating is.

What we’re doing when we re-rate a motor is to try to determine the best voltage to apply to the for whatever load is placed on it – the easiest way to determine what the best voltage is, is by determining the point of lowest motor current…

Let’s take a look at a motor performance curve showing all these parameters –
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As I said, we’re trying to determine the best voltage to apply for whatever load is placed on the motor –  this is a graph of motor performance for 100% of nameplate load – so we’re just loading the motor up (in HP) to what it’s nameplate rating says….

The way that we determine where the best voltage is, is by determining the point of lowest motor current…this is also the point of highest motor efficiency – because excess heat generation in the motor is what causes loss of efficiency, and primarily what generates heat in the motor is the motor current – so if we minimize current draw from the motor for a particular applied voltage we are maximizing efficiency…

Note what happens as you go to the left or right of that best efficiency point – motor current increases, and motor efficiency decreases.
Also noteworthy is that if you apply higher voltage than the BEP voltage, you can gain a little bit of speed (RPM) and hopefully a production increase but if you apply too high of a voltage
You’ll pay for it with increased current draw.  Incidentally what you want to look for when you’re buying a submersible motor is an efficiency curve that’s as flat
As possible – meaning that you maintain the same motor efficiency for a wider range of voltage values.

Keep in mind this graph is one loading level (100% of nameplate), now let’s take a look at multiple loading levels and how the motor response changes…
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As the loading on the motor changes, so does the optimal voltage level. If too much voltage is applied for a given load, then the motor becomes saturated, and the current draw increases. This excess current causes increased heat losses in the motor (and cable), impacting both motor efficiency, and “system” efficiency. Likewise, if a lower than optimal voltage is applied, then the stator field weakens, increasing slip and increasing the magnetizing current – again increasing heat losses due to high current, resulting in loss of efficiency. So here we have an example of what can happen if you don’t constantly reevaluate your motor performance and application philosophy – This could happen in a field where they’ve been using the same equipment year after year (same pump size, same motor size) because they know it works, seems to be pretty reliable, or maybe the equipments been in the hole for a couple of years and well conditions have slowly changed over that time…but the question is, is this equipment still set up in the optimum configuration to account for changes down-hole?  ***These different curves represent different loading levels on the motor – remember the curve we saw in the last slide was for 100% load – these curves show how the motor current draw changes for different loading levels and different voltages applied to the motor…
For example, take a look at the yellow line – that represents 100% of nameplate load – the red dot represents where you started in your application…
When you started out you sized the pump for a certain flow rate and the motor for a certain load – determined by the pump HP requirements…so  initially we have the equipment loaded up to 100% – but say production characteristics of the well decline or more likely…you didn’t know exactly what the well was going to produce, based on the well data you obtained you thought the pump was going to loaded at 100% but conditions downhole are different – the pump is not loaded at 100% and  the load on the motor is not what you expected…instead of having 100% load on the motor, now the motor is 50% loaded because the pump’s not working as hard as it was initially.

You have picked your motor voltage based on the assumption that the motor is going to be fully loaded – but imagine that the real life scenario is that your pump and motor are only loaded at 50%...
Now take a look at the motor current – of course the motor current decreases as the load changes, but you still have the same voltage applied - before you were close to the BEP because we had a particular voltage applied to the motor based on the load we thought it was going to be experiencing, now as the load has changed, that BEP is at a different voltage level…Leaving the motor operating this way means that you’re drawing more current than you need to, because you don’t have the optimal voltage applied for your load…For this motor load (50%) you actually need to have an applied voltage of about 87% of your motor nameplate, as opposed to 105% of nameplate…
Now let’s zoom in on this difference and see how significant it actually is…
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So here we’ve zoomed in on the area along the 50% load curve – Voltage 1 is where we are (around 105% of nameplate) , Voltage 2 is where we want to be (around 87% of nameplate)

Now we can more easily see the difference in current draw – in this case altering the applied voltage to the motor to the best efficiency point can save you about 12% in current draw.


Power Savings Example

= 100-HP Motor
= 10% Savings on current has direct correlation to kW savings
" @ $0.05/kWhr ~ $3300/yr

= Small savings on each individual motor, but can be significant when
applied to an entire field
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Baker Hughes Optimization Services Reduces Power Usage 4%
and Increases Annual Production $1.28M*

Daily Production Improvement Monthly Power Cost Reduction
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Project Benefits *Production calculated at $50 / Bbl oil

95% increase in oil production from 128 to 198 BOPD
4% reduction in power usage from 3.66 to 3.50 kWh per barrel
|dentification and correction of dangerous electrical wiring issues

Baker Hughes Solution

When Centrilift Optimization Engineers were called in to remediate, they immediately identified and corrected a
dangerous electrical wiring condition which could have caused serious injury. They optimized the variable speed
drive (VSD) set-up to improve the power factor and reduce harmonic distortion; at the same time, engineers re-
rated the motor to a new optimal voltage level, increasing the speed and resulting in a dramatic production increase.
Leveraging tools like AutographPC®, advanced electronic analysis equipment, and decades of oil field experience
Centrilift Optimization Engineers presented a solution to the customer that no other service company can match,
returning the well to profitability, extending economic life and increasing ultimate reserve recovery.
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