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Optimizing Propane Buying Strategy
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If you live out in the sticks, as we do, you typically rely on liquid propane gas (LPG) for
cooking, heating, motor fuel, etc. The question then becomes: When should I purchase

propane (fill my tank) to get the most bang for my buck? I’ll begin with some
background to answer this question.

Propane is sold to residential customers by the volume ($/gal), and not by weight ($/lb).
The meter on the delivery truck measures/counts the gallons of propane they put into
your tank, and not the pounds, and you get billed for the number of gallons delivered.
Also note that propane is delivered to you in a liquid form (and you pay for this liquid
propane in $/gal). You use propane later in the gas form, but this has nothing to do with
the billing.

On the other hand, the amount of energy you get from propane (the thing you care about)
is related to the weight of propane, and not to its volume. This is because the weight of
propane is related to the number of propane molecules/moles you buy (each
molecule/mole weighs some small amount). Each propane molecule/mole gives you a
certain amount of heat energy when it’s oxidized/burned, and the more molecules/moles
you buy, the more energy you get1.

So the question above can be rephrased to: Under what conditions should I buy my

(liquid) propane so that it contains the greatest number of molecules (the greatest

weight) per gallon of volume? To answer, you’d want to look at the relationship
between liquid propane’s weight per gallon (weight density), and the ambient
temperature and pressure and some other elements present at the time this propane is
delivered to you. Effectively, you’d want to buy your propane at the time when this

weight density is at its maximum. Also, note that some of the elements that determine
this propane’s weight density are within your control (e.g. you choose to buy when it’s
hot or cold outside, when the atmospheric pressure is high or low, etc), and some other
elements are outside of your control (e.g. the design of the piping on the delivery truck,
what kind of pump the delivery truck has on it, whether law allows for vapor return, etc).

So, considering only the elements within your control, some choices you may have in
buying propane are:

• Buy when it’s hot or cold outside

• Buy when the atmospheric pressure is high or low.

• Buy early or late in the day.

• Buy when the delivery truck’s tank is almost full or almost empty.

• Have liquid propane pumped into your tank fast or slow.

• Whether the vapor return line is used during your tank’s filling.

                                                          
1 The energy contents of propane in its gas form is 21,591 BTU/lb (regardless of temperature), for
example equivalent to 91,690 BTU/gal at 60 deg F (about 4.24 lb/gal at 60 deg F).
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Additionally, one other issue has sizable impact on the weight density of propane
delivered to your tank. Most people assume that when a delivery truck pumps propane
into their tank, all they buy (and all that goes through the meter) is liquid propane. This is
not true, and depending on some conditions (see later) it is not uncommon to have several
percent or more of propane vapor mixed with liquid propane going through the meter and
into your tank. Note that the meter may have a vapor eliminator with it, but it will likely
not eliminate all vapor (it may eliminate vapor “slugs” but not vapor bubbles mixed in
with the liquid).

Note that you are supposed to be billed for (the volume of) liquid propane delivered to
your tank, and not for propane vapor. However, the more propane vapor is in the mix that
goes into your tank, the less propane molecules (that is energy) you get per gallon
measured by the meter, but you pay as if liquid propane only was transferred to your
tank2. So, you overpay by a factor of 270 for the volume of the propane vapor that’s
measured by the meter along with the volume of the liquid propane.

Of course, you’d want to minimize the percentage of propane vapor in the mix that’s
delivered to your tank (the higher this percentage, the lower the propane weight density
into your tank), but this is not always possible. The origins of this propane vapor in the
mix are various, they include heat transfers into the truck’s tank/piping and pressure
drops in the piping. The LPG pumps themselves are typically not the origin of this vapor,
because of their design, and they can pump liquid with some vapor in it without
sustaining damage. Some of this will be addressed in the analysis below.

1. Temperature-Related Considerations

Propane is typically delivered to you in the delivery truck’s tank at the temperature of the
ambient air3, at its boiling point4 (regardless of what this ambient temperature is), and as
a saturated liquid-vapor mix in thermal equilibrium with the outside5. However, liquid
propane delivered at lower ambient temperature has higher weight density than liquid
propane delivered at higher ambient temperature. So, based solely on the ambient air
temperature, and the typical assumption of thermal equilibrium between liquid propane
and ambient air, you maximize liquid propane’s weight density to your tank by buying
when the ambient air temperature is low.

However, note that many delivery companies use on their trucks propane (volume)
meters that are automatically compensated for temperature. So, this strategy is effective
only for companies that do not use temperature-compensated meters. The ones that do,

                                                          
2 At standard atmospheric temperature and pressure (STP), the volume ratio of propane vapor to
liquid propane for the same number of molecules is about 270:1 (e.g. 1 gal of liquid propane
expands to about 270 gal of propane vapor at STP).
3 Unless liquid propane has just been loaded onto the truck shortly before delivery, and its
temperature has not yet stabilized to ambient (heat transfer still exists).
4 A temperature-pressure point on the propane’s phase diagram, at the boundary of liquid-vapor
phase transition.
5 As far as I know, no additional pressure is applied inside the truck’s tank to put the liquid
propane in the supercooled state.
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make the number of propane pounds (the amount of energy) they deliver to you
approximately independent of temperature6.

Another choice involves buying early or late in the day. This has to do with avoiding a
condition whereby liquid propane is boiling on the delivery truck by absorbing heat from
the ambient air, when it is pumped into your tank. The larger this heat absorption rate, the
greater the propane’s boiling rate, and the more vapor is in the mix to your tank.

If you buy early in the day, then the propane in the delivery truck’s tank/piping is likely
at the lower night-time temperature, and it is still warming up when it is pumped into
your tank7. This warming and increase in temperature (due to heat transfer from the
ambient air into the liquid propane in the truck’s tank and piping) causes the liquid
propane to boil on the truck while it is pumped into your tank. This increases the amount
of propane vapor in the mix (it reduces the propane’s weight density going through the
meter).

On the other hand, if you buy late in the day, then the liquid propane has already
thermally stabilized with the ambient air, it is pumped without boiling into your tank (at
its boiling point but without absorbing the heat from the outside), and the amount of
vapor in the mix is minimized. So, based on this consideration, it is more cost-effective to
buy propane late in the day.

2. Pressure-Related Considerations

Liquid propane is not delivered to your tank at atmospheric/ambient pressure8, but it
comes to you in a delivery truck’s tank in a saturated liquid-vapor equilibrium at its vapor
pressure (dependent on the ambient temperature). Even though this propane vapor
pressure is different for different truck’s tank/ambient temperatures, this does not directly
affect the liquid propane’s weight density9.

Then, this liquid propane is pumped into your tank at some flow rate (GAL/MIN), using
the delivery truck’s pump differential pressure (PSI). The pump and its suction piping are
always mounted at the lowest possible point on the truck, and usually no higher than the
bottom of the tank (see later for the reasons). The pump always creates in your tank
pressure that is well above the atmospheric pressure during the filling operation. And, the
only connection between your tank and the atmosphere is a small vent hole that is opened

                                                          
6 The meter automatically increases the pumped volume per metered gallon when it’s hot, and it
decreases the pumped volume when it’s cold, in reference to the one-gallon volume at some mid-
range reference temperature.
7 The ambient air warms up much faster in the morning than the liquid propane in the truck’s tank
and piping.
8 At standard atmospheric temperature and pressure (STP) propane is in the gas form, as its
boiling point is –44 deg F at standard atmospheric pressure (1 Atmosphere, about 14.7 PSIA).
9 Liquid propane is incompressible, and its weight density is the same regardless of the tank
pressure (different tank pressures result from the compressible propane vapor only). The only
way liquid propane can change its weight density is by a temperature change.
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at the top of your tank to allow for some propane vapor to escape as your tank is being
filled with liquid propane10.

With this setup, if your tank is filled when the atmospheric/ambient pressure outside is
high, then during the time of transfer of a given number of liquid propane gallons into
your tank, slightly less propane vapor will escape through this vent hole. This results with
slightly more of the propane vapor remaining in the tank once the filling is done and the
vent is closed. The opposite is true when the tank is filled when the atmospheric/ambient
pressure outside is low, for the same number of gallons transferred by the same pump,
and with the same vent hole opening.

Even though this has nothing to do with maximizing the liquid propane’s weight density
(as in the case of dependence on temperature), when one calculates the combined
liquid/vapor weight density in the total tank’s volume, then this combined density is
maximized at high atmospheric/ambient pressure (due to the denser propane vapor
remaining in the tank after filling). So, based solely on the atmospheric/ambient pressure,
you maximize the combined liquid-vapor weight density in your tank by buying when the
ambient pressure is high.

Another choice involves buying when the delivery truck’s tank is almost full or almost
empty. This has to do with avoiding a condition whereby liquid propane is boiling on the
delivery truck due to excessive pressure drop in the truck’s piping, when it is pumped
into your tank. The larger this pressure drop, the greater the propane’s boiling rate, and
the more vapor is in the mix to your tank.

There will always be a certain pressure drop in the suction piping that takes liquid
propane from the truck’s tank to the propane pump (also mounted on the delivery
truck)11. This pressure drop depends on the suction piping design, and you have no
control over it. If this pressure drop creates propane pressure that is lower than its vapor
pressure somewhere in the suction piping (which is the typical case because liquid
propane is pumped from the truck’s tank at its boiling point, that is on the verge of
boiling), then this liquid propane will start boiling at these locations in the piping (this is
clear from the phase diagram for propane).

Now, if you buy propane when the delivery truck’s tank is almost full, then this negative
pressure drop in the piping may be offset (in whole or partially) by the additional positive
head pressure due to a high level/weight of liquid propane in the truck’s tank. If you buy
when the delivery truck’s tank is almost empty, then this additional head pressure is
absent, and there is little or no compensation for the pressure drop in the piping. So,
based on this consideration, it is more cost-effective to buy propane when the delivery
truck’s tank is full (smaller overall pressure drop, less boiling, and less propane vapor in
the mix).

Note however that, for a given pressure drop in the piping, the lower the temperature the
higher the percentage of vapor in the mix – and this partially offsets the gain from buying
at low temperature to ensure the liquid propane’s higher weight density (uncompensated

                                                          
10 And also to tell the delivery person when your tank is about 80% full of liquid propane, once
the liquid propane is picked up by the dip tube in your tank and blows out of the vent hole.
11 Just like there is always a certain voltage drop in a wire that carries electric current.
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meters only). So, for temperature-compensated meters (where you do not receive this
gain) the optimal strategy should be changed to: buy when the ambient temperature is
high (to minimize the percentage of vapor in the mix).

Another element you may have control over (if the propane delivery person has an option
to do so) is to pump propane into your tank at a fast or slow rate. This also has to do with
avoiding the propane boiling due to the pressure drop in the piping, as above.

For a given truck piping design, including the suction pipe size and any restrictions
therein, the pressure drop in the piping increases as the velocity of the liquid propane in
the piping increases (a square-law relationship). Pumping liquid propane into your tank at
a high rate causes a greater pressure drop in the piping, higher propane boiling rate, and
more propane vapor in the mix.

Also, pumping at a fast rate causes a large pressure drop in the truck’s tank itself (due to
the fast-increasing vapor space at the top of the tank, as liquid propane is withdrawn from
the bottom of the tank). This causes propane boiling throughout the liquid in the truck’s
tank, including at the point where the liquid propane mix enters the suction piping. This
causes the mix into your tank to contain larger amounts of vapor, and it lowers the
propane weight density into your tank.

So, based on these two considerations, it is more cost-effective to pump propane into
your tank at a slow rate (smaller pressure drop, less boiling, and less propane vapor in the
mix).

However, note that in some cases (if the local laws allow it), you may ask the propane
driver to use the vapor return line (without a compressor in it) when they fill your tank
(most multi-port valves in propane tanks include a port for this). Drawing the vapor out
of your tank and putting it into the truck’s tank prevents the pressure drop in the truck’s
tank, allows for faster pumping without causing propane boiling throughout the liquid in
the truck’s tank, and minimizes the vapor into your tank. The flip side is that you lose
quite a bit of the propane vapor from your tank, and most likely you will not be
compensated for it. Also note that the pressure drop due to the faster moving liquid
through the truck’s piping, and the resulting pressure drop and propane boiling, will still
remain and contribute to more vapor in the mix.

3. Conclusions

The bottom line seems to be: if you make your optimal decision based only on the
propane’s state properties, then you should generally get the most bang for your buck

when you:

• buy propane when the ambient temperature is low (uncompensated meters),

• buy when the ambient temperature is high (temperature-compensated meters),

• buy late in the day,

• buy when the atmospheric/ambient pressure is high,

• buy when the delivery truck’s tank is full,
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• fill your tank slowly,

• and, it is unclear if the use of the vapor return line during filling makes your

propane buy more or less cost-effective.

The $$$ amount you save by following this buying strategy may be sizable, or it may be
so small that it’s not worth worrying about. To determine the exact savings would require
specific calculations based on bought quantities, propane price (assumed constant for
now), ambient temperature and pressure, etc.

However, the variable propane price structure also has a sizable effect on this optimal
buying strategy, as the propane prices are not constant but they fluctuate, and are
typically higher in the winter than in the summer. This may be because of the market
conditions due to the increased demand for propane in the winter, and/or the propane
companies’ that do not use compensated meters accounting for the temperature effect on
liquid propane’s weight density. Then, there are unpredictable events that cause dramatic
increases or decreases in crude oil prices, that also substantially drive the price of
propane up or down.

So, given jointly the propane’s state properties and the price variations, the $$$ amount
you gain (or lose) by following this optimal buying strategy varies between specific
purchases, locations, and propane suppliers. One concern is that the price variations may
have quite a bit more influence on the optimal buying strategy, than the quantifiable
propane state dependencies.

This writeup does not contain (at this time) these exact calculations needed to model
various specific sets of physical and market conditions, but it should give propane users a
look at some basic physical principles and other issues on which they can base their
optimal buying decisions.
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