
 1 

 
The best of a humid combustion : 

 

the Water Vapour Pump Cycle (WVP Cycle) 
and other additive water cases 

 

 
by Rémi . Guillet * 

 

 *Ph. D. in mechanics and energetics sciences and WVP-cycle inventor 
  

Abstract 

Early in the eighties a thermodynamic cycle, called the “Water Vapour Pump Cycle” 
(WVP- Cycle) has been invented and developed, firstly for extending the field of the 
condensing boilers application towards new kinds of heating plants using fuels like the 
natural gases. By developing the WVP-cycle, and with the energy savings efficiency 
brought by this cycle, we also discovered the correlative reduction of NOx formation 
during the combustion, and the abilities of the humidity transfer between the fumes and 
the combustion air. Two gases which exchange water vapour and heat in an ad hoc 
exchanger called "water vapour pump". Today, the WVP-Cycle is operational mainly 
in district heating facilities, in France, Italy and in some other European countries, in 
Canada, in USA… But other additive water injection protocols can improve the 
combustion towards its completion, reducing its impact on our environment, towards a 
more powerful machine, (i.e. in case of  gas turbines, in case of reciprocating engines 
by using the anti-knock properties of the water). 
 
Keywords: wet, humid, combustion, steam, vapour, gas, turbine, air, efficiency, 
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1 Introduction 

In the past, water has been used as anti- knock agent or as “additive” component to 
improve combustion efficiency, to boost engine power. Today, in a context of more 
severe environmental requirements, in a context of energy savings, a good use of water 
continues to offer many possibilities for serving the environmental protection and 
energy savings targets. 
Early in the seventies, in the new context of natural gases uses in district heating plants, 
the humidity of fumes and the correlative high risks of condensation, in chimney, in 
atmosphere, have been pointed out by architects as an inconvenient for the natural gas 
uses for heating. At the same time and to reverse the disadvantage, the engineers target 
was marked by a greater interest for the condensing boiler development, by recovering 
in the boiler, the latent heat of water vapour condensation. 
Of course, the interest for the condensing boilers has been reinforced after the first oil 
crisis (1973). It is in this frame that engineers, searchers, launched new studies to find a 
way to enlarge the area of the condensing boilers interest towards higher “condensing 
temperature” … 
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Thus, to reply to the challenge, the water vapour pump cycle has been invented in 
1979, inducing thus a new way to practice a “humid combustion”. Guillet [1].  
 

2 Humid combustion generalities 

2.1 Definition of the humid combustion 

We define as wet (or humid) combustion process, any kind of combustion process 
using water as additional component, introduced in the reaction zone, alongside the 
fuel and/or the combustion agent. The additive water can be introduced as, Guillet et al 
[2]: 
-A separate component in liquid or vapour phase (which is typically the case of a 
STIG-cycle) 
-A component mixed with the combustion agent, the water being generally in a vapour 
phase (which is typically the case of the Water Vapour Pump - cycle or the case of the 
HAT-cycle) 
-A component mixed with the fuel, in liquid phase to constitute an emulsion (as 
“Orimulsion”; the case of natural gases hydrates could also be ranked in this category) 

2.2 Advantages of the humid combustion  

For any fuels, and because of possibilities to get a more complete combustion, the 
efficiency (of boilers, ovens, reciprocating engines, gas turbines…) can be improved, 
inducing energy savings, while the pollution decreases Guillet et al [2], Guillet [3]. 
     - In case of bitumen and heavyfuel oil…  
Table 1: examples of NOx and Particles decreasing (values got on reciprocating engines 
- are extracted from  Maruffo and from Diego M.A. presentation at the 17th WEC 
Congress in  Houston) … 

Table 1 : water effect NOx Particles 

Bitumen+water (30% mass) -20% -60% 

Heavy-oil+water (20% mass) -15% -80% 

     
 - In case of gas turbines, specific and very efficient cycles (compared with Joule - 

cycle) can be developed, as Steam In Gas turbines (or STIG-cycle), as Humidified Air 
Turbines (or HAT-cycle). Guillet [4].  
     - In case of natural gas fuel (well-known as a “clean” fossil fuel) combined with 
WVP-cycle, another important result completes the natural gas qualities by a very 
significant reduction of NOx production, due to a lower adiabatic combustion 
temperature than in traditional combustion case (using directly the atmospheric air as 
combustion agent). Guillet et al [5]. 
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Figure 1: on the left the NOx reduction (% because compared to atmospheric 
combustion here called NOXmax) appears... Nevertheless, on the right, we don’t forget 
that humidification induces a correlative decreasing of the O2 rate in the combustion 
agent! For example, when the mass ratio water/fuel is between 1.5 and 2, (which is the 
WVP-cycle average), the NOx formation related to atmospheric combustion is divided 
by four.  Meanwhile, on the right hand-side of the figure 1, we observe, as a “limit” for 
the humidity, that a risk of CO appears when the rate water/fuel is higher than 3; see 
the curves for a WVP-cycle and a gas turbine example). 

3. More explanations to anticipate the WVP- cycle energy savings in 
case of heat and power facilities 

The figure 2 shows how to use the Combustion Hygrometric Diagram (CHD) to 
anticipate the WVP-cycle efficiency. Guillet et al [6,7], Guillet [8]. 
The proposed example concerns a case of condensing boiler... Thus, we have to 
consider the CHD - 2D corresponding to Qeadd = 0 which means that there is no 
additional water (see also the appendix at the end of the paper, Guillet et al [5]). If we 
suppose that the air factor fa =1.2, we must follow the crossing between the curve 
related to fa = 1.2 and the dew point temperature curve.  And “C” is the projection on 
the wet bulb temperature (horizontal) axis “wbt” of this intersection. From this crossing, 
the dew point curve is extended on the right (as an “iso Hpc line ; see the horizontal 
dotted line on figure 2). 
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Figure 2: A graphic access to the WVP efficiency thanks to the CHD use   
(See also the diagram in the book “Wet Way Combustion” Guillet et al [5] p.99) 

Now, we suppose that a WVP exchanger has been installed. Then “wpo” indicates the 
flue gases wet bulb temperature at the WVP exchanger outlet. The plotted point “B” is 
the crossing of the vertical line drawn from “wvpo’ with the “iso fa”=1.2. While 
“wvpi” “is the flue gases wet bulb temperature at the WVP intlet. We draw the iso 
“wvpi” (vertical line) to its crossing with the “iso fa” =1.2 to get the point “A” . We 
note the “A (Hpc)” value. From “B” the iso “B (Hpc)” line is drawn to the right to get 
“ B’ ” plotted at  its crossing with the iso “wpi”. The WVP exchanger efficiency is 
defined by the rate [“A (Hpc)”- “B (Hpc)”]/ “A (Hpc)”]. By moving up the “iso fa” = 
1.2 respecting in each point “∆(Hpc)” = “A (Hpc)”- “B (Hpc”, we get a new iso fa 
(dotted curve). The crossing of this (new) dotted “iso fa” with the dew point curve 
extension (dotted line) give us the B’’ plotted point. This last point corresponds with 
the dew point of the combustion products due to the WVP effect (the value of this 
temperature is indicated by C’ which is the projection of B’’ on the wet bulb 
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temperature axis. The “sac” temperature indicated by the crossing between the dotted 
“iso fa” curve and the wet bulb temperature axis is very close to - but lightly higher 
than (less than 2°C) - the temperature of the saturated air leaving the WVP exchanger. 
(A’ is only a drawing repair!). 
… 
On this figure, which is also typically the CHD - 2D referred to Qeadd=0, Guillet et al 
[5],  we can identify four “areas”. Above the dew point curve and its exrension, we get 
the “traditional condensing area” at the left  of  the iso fa curve. The WVP-cycle area is 
on the right of the same “iso fa” which extend the condensing area to higher (wbt) 
temperatures. Down to the dew point curve and its extension, we found all the 
traditional combustion processes on the left of the “iso fa” curve and, on its right, the 
processes equipped with “economizers”.  
We can see on the figure 2 that an global and effective “condensation” is produced 
only when the plotted point “B” is above the reference (Qeadd=0) dew point 
temperature (or dotted line)…  
It means also that, thanks to the WVP effect (recycling of water vapour with the 
combustion air), the dew point of the combustion product is increased of about 12° 
Celcius compared with traditional combustion. 

     More practically, the figure 3 shows the efficiency improvement due to the WVP-
cycle compared with the traditional boiler (condensing or not). Guillet [9] 

 

Figure 3: Graph coming from CIEC manufacturer 
(here efficiency is indicated /natural gas ncv) 

 
With a dew point reaching 72°C, WVP-cycle makes also possible the use of direct 
water heaters for heating (up to a water heating loop inlet at 65°C). This means an 
important reduction of the risk of any (nebulous) plumes at the natural gases heating 
plants chimney outlet. An important challenge at which the WVP-cycle replies in cold 
countries e.g. Canada, North of USA (with SOFAME-Quebec as manufacturer). 
Guillet [10].                                                                                                              

 
4. More about the water vapour pump cycle: mounting and 
technology 

Before entering the chimney, the residual energy still contained in the combustion 
products is recovered by using (before reaching the burner) the atmospheric air as 
second cold source. 
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By recycling this residual latent and sensible energy, the combustion air is preheated 
and, above all, humidified up to its saturation at the preheating temperature (about 
60°C or 140°F).   
Of course, the WVP cycle efficiency will be 100% g.c.v. (or 111% n.c.v.) when the 
exhaust gases temperature at the chimney inlet is the ambient temperature! 
The usual dew point of natural gas stoichiometric combustion products is about 60°C 
(140°F) and then limits the advantages of the condensing boilers to “low temperature” 
installations. The WVP-cycle increases the dew point temperature up to 72°C (162°F) 
thanks to the combustion air humidification while the recovering of the residual latent 
and sensible energy (traditionally lost) is usefully performed! 
… 
Thus, the WVP-Cycle enlarges the field of application of the condensing generators, 
the useful latent heat being recovered - if necessary - in an additional condenser 
(R/Cd), (fig. 4). In all cases, the WVP-cycle brings the guarantee to be the most 
efficient thermal (or “cogenerative”) cycle.  It means practically about 92% of the fuel 
gcv recovered with a heating water loop at the entrance of a condensing boiler, or at the 
R/Cd entrance, at 65°C. 

4.1 About the WVP-cycle mounting. Guillet [2,4,7]. 

To get a WVP-cycle (on all kinds of combustion processes) we must install a 
recuperator of condensing heat “R/Cd” which is just before the WVP exchanger (these 
last one remaining an ultimate exchanger in charge of recycling mass (residual water 
vapour) and  residual heat from the flue gases towards the combustion air (WVP 
exchanger has no other role!), fig.4. 

.
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                    Figure 4: mounting of the WVP-Cycle - general case -. 

4.2 About the WVP exchanger Guillet [3]. 

If porous membranes or other porous material have been tested, up to now, the double-
scrubbers technology remains the most used as WVP exchanger, because of its 
efficiency, up to 70% (representing the rate of effective recycling related to the 
maximum possible), its reliability, its low pressure drop (fig. 5).  
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Figure 5: the double-scrubbers technologies (side to side or superposed) 

5. A recent WVP-Cycle facility in France and other potential 
applications 
 
Today, the WVP-Cycle is operational in district heating plants in France, Italy and in 
some other European countries, in Canada, in USA… (the main manufacturers are : 
CIEC in France, SOFAME in Quebec…)  
7th June 2014, the first water vapor pump cycle of the CIEC new generation was 
inaugurated near Paris. Its heating power of 2 MW answers the needs of heating and 
hot water for a 293 households residence. This water vapor pump facility  is also the 
first which supplies the burner with a saturated combustion air up to 60°C (140°F°). 
Guillet [10]. 
… 
Moreover, the water vapor pump cycle can also offer many benefits in case of wood, or 
coal heating plants. For example, when the fumes washing is imposed, as in Germany 
in case of wood heating plants, the half of the WVP exchanger is already installed! 
And the WVP-cycle must be considered as a pertinent alternative… Even in case of 
coal facilities!  
… 

Last but not least, the WVP exchanger is a low temperature exchanger and its 
components can be recycled up to more than 80%. So, the WVP- cycle is globally a 
good way to move forward towards a sustainable world! 

6. Other additive water injection protocols 

Many gas turbines cycles have been invented and some of them are running to benefit 
of the advantages of a humid combustion, as Humidified Air Turbines or Steam In Gas  
Turbines, Guillet [11]. 

But we want also speak about the case of reciprocating engines for which many articles 
can be written, many miracles expected... Thus we wish underline here that a complete 
fuel combustion is a transformation which leads a fuel to a final state where C is 
transformed in CO2, H in H2O and no intermediate transformations  (although they are  
real) have to be considered because they no impact on the final calorific value of the 
said fuel (thus respecting the first principle of the thermodynamics!).  Nevertheless, in 
reciprocating engine, it is possible to benefit of the anti-knock properties of injected 
additive water (which is firstly an inert component and eventually a cooler for the 
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mixture when introduced in liquid phase) to increase the compression rate and finally 
improve the mechanical efficiency of the engine (in some cases, even its power)...  
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