Water & Gas Distribution System – Swing Cat
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Fuel Choices
For meaningful quantities of hot water and for cooking, the choice is between gas, diesel or spirit
burners.
There are two types of gas in widespread use:



Compressed Natural Gas (CNG);
Liquid Petroleum Gas (LPG) – either Butane or Propane.

CNG liquefies at very much higher pressures and has much lower calorific value than LPG. Both types of
gas are very explosive when mixed with air but CNG is lighter than air so leaks on a boat may disperse
naturally through hatches and ventilators; LPG is heavier than air so can collect in the bilges with drastic
consequences. CNG is virtually impossible to obtain outside of the U.S., and difficult even inside, so will
not be considered any more.
So, really, the choice is between LPG, diesel or spirit burners. Environmentally, LPG is the best choice.
Neither propane or butane (LPG can be either) are greenhouse gasses. When burned they generate
about the same C02 as diesel and 20% less than petrol. It is a very clean fuel, generating very much
fewer nitrous oxides and particulates than diesel.

Liquid Petroleum Gas Considerations
All three references give somewhat conflicting advice for how to install a gas supply on a boat. Since it is
the Boat Safety Scheme inspectors who will be inspecting my installation I have gone, in the main, with
Reference C.

Gas Safety
LPG is heavier than air so will flow along the cabin soles and become trapped in bilges, hulls, sumps or
wells where there is little ventilation. A mixture of about 2% LPG to 98% air is explosive. Some pointers
to what makes a good LPG installation and what to avoid are given here:
http://www.walshsurveyor.com/yachts/articles/gas/index.htm
There is also the issue of Carbon Monoxide (CO) poisoning which is addressed in more detail on Page 7.

The Propane vs Butane Debate
Some answers gleaned from the mine of information and misinformation which abounds:
Pressures and Temperatures in LPG Tanks
Butane liquefies at higher temperatures and lower pressures than Butane. So the pressure inside a
Propane tank will be much higher than inside a butane tank at the same temperature. E.g.: at10 degC
(50 degF) the pressure in a Propane tank is 5.378bar (78psi) and 475mbar (6.9psi) in a Butane tank. This
means Butane can be stored in a Propane tank but not vice versa.
At 32degC (90degF), the pressure in a Propane tank is 10.342bar (150psi) which may seem dangerously
high. Just to put it into context though: when I pump up the tyres of my Brompton folding bicycle I am
aiming for a pressure of 7.0bar.
As temperatures approach 0degC, the relative pressure inside a Butane tank is so low appliances do not
work well, or stop working altogether. Since in a boat installation the tanks are in an outside gas locker,
this situation will happen a lot in the UK.
LPG Regulators
Of course the gas is not used straight from the tank; a regulator ensures a steady pressure in the low
pressure side of a gas installation, which is connected to the appliances, as the temperature varies.
Traditionally, for Propane this is 37mbar and for Butane 28mbar but some modern regulators (e.g. by
Gasboat) are designed to be used with both forms of LPG and have an output of 30mbar – see
http://www.whayward.com/index.cfm.
Appliances
It used to be the case that appliances were designed for either Propane(at 37mbar)or Butane (at
28mbar). Given that regulators are probably only regulating to +/- 10% or worse most people do not
seem to experience any problems running an appliance on either type of LPG. Nowadays appliances are
made (or more likely just tested) at 30mbar irrespective of the gas.
Calorific Value, Time between Refills and Value for Money
The calorific values of Butane and Propane are often quoted by weight in units of kWh/kg or by volume
in units of MJ/m3. This is a bit confusing! A watt is a unit of power and a joule is a unit of energy, so
they are related; 1 watt (W) = 1 joule (J) per second. So 1kWh = 1000 J/s * 3600 s = 3.6MJ.
By weight:

Propane
Butane

kWh/kg
13.83
13.62

BTU/lb
21,591
21,221

By volume:
MJ/m3

Propane
Butane
Natural gas

95.8
126
38

These two ways of quoting the calorific value actually tell us some useful things about the relative merits
of the two gasses. The volume figure says something about how quickly a kettle can be brought to the
boil, the weight figure allows us to calculate how long a cylinder will last and how much we are paying
for a unit of energy.
A regulated gas supply at 30mb will supply through the same burner the same volume of either gas; the
volume figure for calorific value tells us that Butane will burn hotter than Propane – i.e. a pan of hot
water will be quicker to boil if the gas used is Butane. This is why Propane regulators are designed to
provide gas at 37mb, compared to the Butane regulators at 28mb; the higher pressure compensates
(95.8*37/28 = 126 (approx.)). Regulators designed to operate with both gasses provide the gas at 30mb.
Most gas lockers are designed to take tanks of a certain size. Cylinders of the same size, will hold more
Butane than Propane– e.g. a Calor gas cylinder of 580mm high and 315mm in diameter holds 15kg of
Butane and 13kg of Propane. The bigger the tank, the cheaper will be the energy unit price – the price
differences are quite dramatic as seen in Table 1. For small tanks, Butane might be cheaper but for
larger tanks Propane tends to win out. If designing your own gas locker it pays to have the biggest tanks
possible.
These points are illustrated in Table 1 using prices taken from the Calor Gas website on 16th October
2013 - http://www.calor.co.uk/lpg-gas-cylinders/. For comparison this table also gives the price of
Gamping Gaz and Propane from the pump at a garage forecourt. The ‘time between refills’ column
assumes an average consumption of 2.4kWh/day, which is roughly equivalent to boiling 8 kettles of
water per day – see http://www.inference.phy.cam.ac.uk/sustainable/hotwater/.
Producer

gas

Camping Gaz
Butane
Calor
Propane
Garage Forecourt(2)

weight

height

diameter

kg
2.5
4.5
15
3.9
13
10.3

mm

mm

340
580
340
580
582

240
315
240
315
306

calorific
value
kWh/kg
13.62
13.62
13.62
13.83
13.83
13.83

energy in
tank
kWh
34.1
61.3
204.3
53.9
179.8
142.4

Cost
pence (p)
1955
1599
3299
1549
2549
1382

unit
price
p/kWh
57.4
26.1
16.1
28.7
14.2
9.7

time between
refills
days(1)
14
26
85
22
75
59

Notes
(1) Usage
2.4 kWh/day
(2) Using a Safefill Cylinder

Table 1: Comparison of Butane and Propane for Two Different Size Tanks

Note the colossal price difference for a unit of energy: it is six times more expensive to get your gas from
Camping Gaz than to fill up your own cylinder in a garage forecourt.

Butane lasts
longer than
Propane by:

14%
14%

Availabilty
Propane is more common than Butane in the US, the Caribbean, Australia, New Zealand and
Scandinavia. Butane is more common in the UK and the Mediterranean. Camping Gaz is very common
in Europe but it is a very expensive way of buying Butane, even using the largest, 2.5kg, cylinders see
Table 1.

Weight of Gas Cylinders
Note that most cylinders are made out of steel and are heavy. Taking the Calor gas cylinders as an
example, the 4.5kg Butane (3.9kg Propane) cylinder weighs 5-6kg when empty; the 15kg Butane (13kg
Propane) cylinder weighs 13-20kg empty. When full, the larger cylinder will weigh 25-30kg, which is not
a trivial weight to manoeuvre into and out of a gas locker.
There is an alternative: use the composite Propane gas cylinders, e.g. the Safefill 10kg (20L) cylinders
which weigh 7kg when empty and 17kg when full - http://www.safefill.co.uk/. These cylinders can also
be filled from a garage forecourt rather than swapped.
There are also the Gaslight bottles which can be swapped at any Homebase and which weigh 5.4kg
empty and 15.4kg full - http://www.gaslightbottles.co.uk/ .

Connecting Up
You have a choice between:



regulators which go on the bottle and include the fitting to the bottle or,
a bulk-head mounted regulator which has high pressure hoses between it and two bottles, with
either:
o an automatic changeover device or,
o a manual change over device or,
o no change over device.

See the section on LPG Regulators for more information.

Gas Distribution on Swing Cat
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Figure 1: Gas Distribution

Bulkhead 4

LPG Water Heater
There is a concern when burning solid fuels or gasses that incomplete combustion can give rise to a
lethal build up of Carbon Monoxide (CO). Both open and closed flues can lead to this problem; the open
flue is preferred since any downdraught caused by a strong wind on deck will be less likely to impede
the proper expulsion of exhaust gasses, leading to inefficient combustion. The best flue is the balanced
flue or “room sealed” system which takes fresh air from outside the cabin.

Figure 2: Excerpt from Boat Safety Scheme on Flues for LPG Instantaneous Hot Water Heaters

The preference for a balanced flue has led to a commonly expressed view that the most popular water
heaters seen on boats and caravans, the Morco or Rinnai, which are open flue systems, are not allowed
by the BSS on new builds. As you can see from Figure 2, this is not the case.
The part of the BSS documentation Figure 2 comes from is:
http://www.boatsafetyscheme.org/boat-examination/non-private-boats/part-8-appliances,-flueingventilation/

Fresh Water Considerations
The fresh water system on Swing Cat is organised along the following principles:








pressurised hot and cold water is available at both sinks (in the galley and heads);
to conserve water where necessary, there is a hand pump available at each sink (the electrical
supply to the pressurised water pump can be turned off);
there are two water tanks supplying fresh water, both of which can be isolated from each other
and the fresh water system, in the case of the water in one tank becoming contaminated;
either tank, or both, can be drained through a drain in the bridgedeck floor;
the tanks are built to fit the spaces available, glassed on the inside and then covered with 3
coats of a potable water epoxy coating such as http://www.reactiveresins.com/ArmourguardPW.html.- see Section “Water Tank” for details.
There is a grey water tank of about 90L to hold waste from the sinks and shower pump when
cruising in environmentally sensitive areas, until it can be safely discharged.

Details of the Fresh Water Distribution System
The fresh water distribution system can be seen in Figure 6.

Pipework
The pipework used in the freshwater system is 15mm OD (Outside Diameter) High-Density Polyethylene
(HDPE or PEX) tubing. This pipe is white opaque Speed Fit
http://www.screwfix.com/search.do?fh_search=speedfit+15mm+pipe&fh_start_index=0&fh_sort_by=&
fh_view_size=100&fhSearchParams=&customPrice=&priceFrom=&priceTo=&priceFilterOn and is used
with the push-on JG Speedfit fittings. Collet clips, which stop the fittings becoming loose, are colour
coded – red for hot and blue for cold
Hose to Shower/Bilge Pump is 19mm (3/4”)Kanaflex black hose. The filler hose is 38mm (1.5”) Kanaflex
hose. The breather/overflow hose for the water tanks is 13mm (1/2”) Kanaflex hose. The dimensions
for the Kanaflex hose are for the ID (Inside Diameter).

Bilge Pump
The diverter valve routes to the Shower/Bilge pump either the contents of the sump or a hose which can
be used to pump from wherever needed.
The sump will hold water from either the shower or water ingress from deploying the log and/or sonar
transducer in the only through-hulls on Swing Cat, located between the Heads bulkhead and Bulkhead 3.

Waste Water
Waste water from the Galley sink, Heads sink and Shower/Bilge pump is routed to the Grey Water Tank.
The outlet from the Grey Water Tank (not shown) is routed to a through hull, above the water line, via a
¾” (19mm) bronze ball valve.
The drain from the galley sink is only just a bit higher than the entry point into the grey water tank; this,
combined with a long length of waste pipe, means that the galley sink was found to drain very slowly.
So, another grey water pump was added to deal with this problem – see Figure 6. A pump which would
not clog was chosen, for both wastes, since it would be boring having to clean a filter on a regular basis.
This pump does not need a filter and won’t clog http://www.whalepumps.com/marine/product.aspx?Category_ID=10021&Product_ID=10037&FriendlyI
D=Gulper-220 .

Hand Pumps
The hand pumps are actually below the level of the water tanks. They will therefore have to exit the
water tanks at the top. Check valves, one-way valves which stop water raised by the hand pump form
draining back down to the tanks in-between pumps, will be needed.

Pressurised Water
The accumulator maintains pressure in the high pressure cold water system in-between cycles of the
pressure pump.

Water Tank
Here is a step-by-step guide to building the water tanks on Swing Cat. There are two tanks sited as
shown in Figure 3. The tanks are the same size and have an approximate internal volume of 185L each.
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thicknesses of walls and baffles gives a volume of
about 185L each. When full the weight is 370kg.
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Figure 3: Position of Water Tanks on Swing Cat

The tanks are joined together and are filled via a filler tube connected to the starboard tank. The tanks
can be isolated from each other and separately drained (see Figure 6); it is possible to use one tank
keeping the other in reserve, or to drain one tank, keeping the other, if it were to become
contaminated.
Both tanks have a combined breather and overflow tube. The exit for the breather/overflow pipe from
the starboard tank is via the gas locker. The breather pipe in the port tank is taken to a higher level than
the starboard one, actually inside the wall cupboard in the heads, so that, since the tanks are joined,
overflow will only occur from the starboard breather tube.
Both tanks have a pole tank sender connected to gauges, to indicate how full they are.
The tanks make full use of the volumes underneath the seating in the bridgedeck. They are built with
plywood protected by cloth and resin and finished with 3 coats of Armourguard PW
http://www.reactiveresins.com/Armourguard-PW.html from Reactive Resins
http://www.reactiveresins.com/index.html. This finish is designed to line tanks containing potable
water and will not taint the water. The plywood used is 6mm marine ply, braced by the false floor in the
bridgedeck and the carcassing for the seats themselves. Further bracing comes from baffles which
bisect the length and width of the tank and each other. The baffles are designed to stop the water
sloshing about when the tank is half full. Construction details can be seen in Figure 4.
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Figure 4: Water Tank Construction Details

1. Build box with 6mm marine ply including lid, using existing seat partitions.
2. Add thick epoxy fillets to the corners (epoxy plus colloidal silica) so the cloth does not have to
turn through 90 degrees.
3. Around the top of the tank fit 2” by 1” PSE Douglas Fir cleats so the lid has something to be fixed
to. Underneath the cleating insert moulding with a triangular cross-section, so the cloth does
not have to turn through 90 degrees. See Figure 4.
4. Line box (and lid) with heavy cloth, 600g/sq m or two layers of 300g/sq m cloth. Also glass
exposed edges of plywood.
5. Wet out with West System Epoxy.
6. When tacky add another coat of epoxy to fill the weave.
7. When almost leather hard trim off excess clock with a Stanley knife.
8. Repeat steps 4,5 & 6 with the baffles;
9. Cut holes in baffles, as shown in Figure 4, epoxy and glass exposed edges.
10. Epoxy baffles into place. Also glass exposed edges of plywood;
11. Add holes to tank, where required, and saturate end grain with West System resin and glass.
Holes should be for:
o pole tank sender;
o inspection hatch;
o filler tube (in starboard tank only);
o exit holes for water supply to boat;

12.
13.
14.
15.

16.

o breather holes.
Let it go off then remove amine blush with cold water and a green meanie.
Thoroughly dry and sand with 80 grit to key surface and remove any sharp edges.
Add 3 coats of Armourguard PW http://www.reactiveresins.com/Armourguard-PW.html from
Reactive Resins http://www.reactiveresins.com/index.html .to all surfaces and exposed edges.
Add pole tank send and other hardware, using sealant, making sure any screws used do not go
right through the ply. If screws are going to go through the Ply double up on the ply at that
point.
Fit the lid to the tank. It must be capable of being removed. The lid should be bolted to the 2”
by 1” timber. Over-sized holes should be drilled and filled with thickened epoxy; the epoxy
should then be drilled and tapped with the same metric thread as used by the bolt. Finally the
lid is bolted to the tank using sealant. The finished construction is shown in Figure 5.

epoxy-filled hole, drilled
and not tapped

6mm plywood

sealant
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epoxy-filled hole, drilled
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Figure 5: Fixing the Lid

Water Distribution on Swing Cat
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Figure 6: Water Distribution

Notes:
1. Water hose 15mm OD HDPE Speed Fit
2. Hose to Shower/Bilge Pump 19mm kanoflex black
3. The diverter valve routes to the Shower/Bilge pump
either the contents of the sump or a hose which can be
used to pump from wherever needed.
4. The sump will hold water from either the shower or
water ingress from deploying the log and/or sonar
transducer in the only through-hulls on Swing Cat,
located between the Heads bulkhead and Bulkhead 3.
5. Waste water from the Galley sink, Heads sink and
Shower/Bilge pump is routed to the Grey Water Tank.
6. The outlet from the Grey Water Tank (not shown) is
routed to a through hull, above the water line, via a ¾
(19mm) bronze ball valve.
7. The accumulator maintains pressure in the high
pressure cold water system in-between cycles of the
pressure pump.

