
 

HEAT RECOVERY IN A STEAM SYSTEM 

 
 

By: Lluís Muñoz Echevarría 
 

Mentor: Prof. Josep Mª Salla 
Director: Xavier Franco 

 
 
 
 

 
 

 
 
 

 
Bachelor Studies in Industrial Engineering 

 
Escola Tècnica Superior d’Enginyeria de Barcelona (Universitat Politècnica de 

Catalunya) 
 

May 2018 
  



Heat recovery system from the condensate in a steam system                                                               
 

    
2 

Abstract 
 
This project is made to provide a solution to an industrial laundry located in Canary 
Island that wants to save energy and reduce costs in their steam system. Steam is 
essential in this laundry for keeping all the processes at the necessary temperature and 
give the right humidity and heat to the clothes. 
 
During the project there will be studied the whole processes that follow the clothes from 
their arrival to the factory to the departure. Understanding the process is very important 
to know where the weaknesses are and where, just doing an easy change in the system 
the optimisation can increase significantly. 
 
The results of the improvement are very satisfactory, it can be seen an important 
reduction in fuel consumption and a more shocking one in water consumption. This 
proves that some investments and analysis can reduce the human impact in the Earth 
as well as improve the individual benefits. 
 
The knowledge acquired during the Bachelor studies together with this months doing 
internship in Spirax Sarco have provided experience to analyse and calculate the best 
solution in terms of optimisation.  
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2. PROLOGUE 
 

 Origin of the project 

 
This project starts during the internship in an Engineering Company called Spirax Sarco, 
which is leader in bringing steam solutions. There is a bunch of different clients, coming 
from different industrial sectors such as Food and Beverage, Pharmaceutics, Refineries 
or Laundries. However, all of them have the same aim as industries, saving energy in 
their processes for decreasing their production cost at the same time as the benefits 
enhance. 
 

 Motivation 

 
Energy saving is one of the most motivating goals to work for in Engineering. Creating a 
solution for the company that decreases energy and water consumption while is 
reduced the ecological impact of it is always encouraging. 
 

 Previous requirements 

 
Having worked in the steam sector is not necessary but very helpful for getting some 
experience about steam systems. After some months in the industry you are more 
familiarized with the different products, how steam reacts to changes of temperatures 
or pressures, at the same time as being able to see different systems and understanding 
how they work. 
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3. INTRODUCTION 
 

 Project goals 
 
The aim of this project is creating a solution for a company that is looking for reducing 
their energy consumption. 
This company is an industrial laundry and is a common client of Spirax Sarco. After some 
years solving the problems of the system locally, they need a global modification that 
will include a significant investment. However, the payback needs to be short enough 
not to endanger the growth rate of the laundry. 
 
In first place, the whole steam system will be analysed, searching for losses as well as 
inefficient processes. In every steam system it can be found a tank which fills the boiler. 
Once the boiler heats the water, it evaporates and the steam is driven through the 
factory inside pipes and arrives at the processes. Here, the steam transfers his energy 
and it becomes into water by the change of state called condensation. Therefore, it is 
driven back to the tank or directly thrown to some water network. 
 
Steam is very common in the industry because it has very good properties transferring 
heat as well as cheap to produce and sterile. For creating steam, you just need heat and 
water treated with some chemicals. It is not very corrosive and if the system has a good 
and periodical maintenance, there will be no losses during the process. The problem is 
that many clients forget about taking care of their system, or simply they do not want 
to invest in them. 
 
Reducing energy consumption helps reducing the impact the company makes in the 
environment. Global warming is real and the industry is one of the most responsible of 
this, new technologies need to focus on saving energy and the best way to motivate 
managers to invest on this is making them save money. Thus, this is another important 
goal of the project.    
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 Scope of the project 

 
This project has been made during the semesters of Autumn 2017- Spring 2018. In this 
kind of projects where there is a high investment involved, every step is very slow and 
sometimes convincing the client is a hard task. For this reason, some negotiations have 
taken place before the beginning of this project. 
 
In addition, the laundry will probably keep being optimized after the ending of the 
project. However, during this period there have been a lot of changes and 
improvements. 
 
The project is not focused on calculating every system and all the heat exchanges or 
water flows, but to dimension and try to predict their performances. 
Some of the calculations made during the project are done with internal calculating 
programs of the company and with some information given by the suppliers.  
The results acquired from the optimization of the process can be not significant because 
the technologies used for measuring in the laundry are not modern and exact. There are 
many measure errors and doing the daily analysis they can be very annoying. 
Meanwhile, doing a longer analysis the results will be more reliable. 
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4. ABOUT THE COMPANY 
 

 The Company 
 
They are an industrial laundry located in Canary Islands. In these islands, most of the 
incomes are from tourism, it is full of hotels and restaurants. They produce huge 
amounts of dirty sheets, towels or clothes. Due to this, there are some laundries in the 
island. The one studied is the smallest one, they clean around 12 tons of clothes a day, 
while the biggest one produces barely 40 tons. The competition is clear and they need 
to reduce their waste for optimising the process and maximizing the benefits. 
 
Being located in an island has some disadvantages, for example, the amount of clients 
is not as big as in a normal country, because unless you cross the sea to another island, 
the area is limited. In addition, water is more expensive, because most of it is created in 
desalination plants and the processes for obtaining it are sophisticated. 
The name of the company, together with the location cannot be known due to the high 
competitiveness, which have the laundries from the Islands. 
 
In the laundry, around 50 employees work in two different shifts. The working hours are 
approximately from 10pm to 2 pm, so they work during the night. This is due to the 
difference in electricity taxes. During the night, it is cheaper than during the day and it 
is important to reduce the costs. They work 365 days a year because the hotels and 
restaurants do it as well and they have enough work to keep the laundry opened. 
 
The whole system works with steam, this is because of the good properties of this 
material as well as the good price of it. There are some other plants that work with 
electricity or thermal oil, the system is completely different but can also be optimized 
and the costs can be similar to steam’s. 
 
There are some different kinds of services offered by laundries. Some of them rent the 
clothes to the hotels, this means that they buy the clothes and then they rent them to 
the hotels and they earn them for units. After the clothes are used, they clean them, 
iron them, and bring them back to the hotel. Another service is the offered by the 
laundry studied, that cleans and irons the clothes but do not rent them.  
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 The plan 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Map of the whole industrial laundry 

 
Distribution of the plant is very practical because as the clothes finish one phase, the 
next phase is close to it and there is not waste of time while moving it through. 
In the plan, it can be seen in red the steam that comes from the boiler and in blue there 
is the condensed that is collected and comes back to the boiler room. In this condensate, 
there is still a lot of energy and water that if it is treated in the proper way, can save lot 
of energy. 
Clothes are moved through the plant with special trolleys moved by the operators.  
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5. DATA OF THE ORIGINAL STEAM CONSUMPTION 
 
For starting the project there is some information needed. As the goal is reducing the 
fuel consumption, there has to be a fuel consumption for comparing and try to achieve 
a better result. 
This laundry one year ago was completely different, during the last month, there has 
been more organisation and the aim is to keep improving it. The problem is that the 
systems are still a little bit rudimentary and there is not a lot of information about the 
consumptions of steam. Although there are not many control systems, some 
calculations can help to estimate the steam consumption. With this number, there can 
be selected the different options and can help to find a solution. 
 
The information provided by the client is the following: 
 

- Annual fuel cost from June 2016 to June 2017: 407549 € 
- Annual water cost (treatment included): 15067 € 
- Working hours: Monday to Sunday, 365 days/year * 13 hours/day= 4745 h/year 
- Percentage of estimated condensate recovered: 90% 
- Washing machines working at 4,5 bar g 
- Calenders and dryers working at 12 bar g 
- Fuel cost: 0,475 €/l 
- Water + treatment cost: 2,91 €/m3 
- Feedwater tank temperature: 60ºC 

 
As there is no flow meter installed in the plant there is no control of the steam 
consumption. It could be approximated with the consumption of the machines installed 
in the laundry. Nevertheless, as the machines work independently and depending of the 
kg of clothes we have one or another consumption, the best way of calculating it is with 
the annual fuel consumption and fuel and steam properties. 
The cost of fuel changes during the year, but during this year, the average was around 
0,475 €/l. His characteristics like the heating power or density can also oscillate. 
However, they will be considered constants as well. 
 
Having the annual fuel cost together with the price of fuel and the density provided by 
the supplier, it can be calculated the annual fuel consumption and the energy provided 
by this fuel. 
 
For calculating the energy needed for creating the steam, we need to do an energy 
balance. The flow introduced in the boiler is water at 60 ºC from the feedwater tank. It 
is pressurized by a pump and first it needs to be heated up to the saturation temperature 
at 12 bar, that is 191ºC. This energy is calculated as: 
 

ℎ𝑤 = 𝐶𝑝∆T = 4,18
kJ

ºC ∗ kg
∗ (191 − 60) = 547,58 𝑘𝐽/𝑘𝑔 
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Once achieved this temperature, the water has to evaporate, for this it has acquire the 
energy of evaporation of stem at 12 bar g. 
 

ℎ𝑓𝑔 = 1971,94 𝑘𝐽/𝑘𝑔 

 
The summation of this both energies gives us the total amount of energy of steam. 
 

ℎ = 2519,52 𝑘𝐽/𝑘𝑔 
 
  

 
The energy provided by the boiler is not all of the energy that provides the fuel oil, this 
is calculated with the efficiency. Normally, most of the boilers have around 85-90% of 
efficiency, but the given by the client is 82%. Many parameters can change this 
percentage. The temperature of the feeded water, the temperature of fuel oil or the age 
of the boiler. 
 

Annual fuel consumption 407549 €/year 

Working hours per year 4745 h/year 

Fuel Heat power 41039 kJ/Kg 

Fuel density 0,9848 kg/L 

Fuel price 0,475 €/L 

Annual fuel consumption 844956,33 Kg/year 

Energy provided by the fuel 34676162693 kJ/year 

Steam Latent heat at 12 bar 1971,94 kJ/kg 

Energy for heat water from 60ºC to 190ºC 551,78 kJ/kg 

Energy necessary for creating steam 2519,52 kJ/kg 

Estimated boiler efficiency 82 % 

Energy after considering efficiency 3077,71 kJ/kg 

Steam consumption 2374,47 kg/h 
Table 1. Steam consumption calculation 

 
Because of this calculation, we have an average steam consumption of 2380 kg/h. This 
is a significant flow and it is enough to install recovery energy systems or do any 
improvements. Of course, this result is illustrative and will be useful for our calculations, 
because the precision needed for our calculations is not very high due to the flexibility 
of steam systems.  

Steam at 12 
bar and 191 ºC 

Water at 12 bar 
g and 60 ºC  

Energy provided by 
fuel oil 
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6. PRODUCTION 
 

 The process 
 
The process is a cycle and it is repeated daily. It will be explained in the following lines 
to get an idea of the steam consumption and to see how important it is. There are some 
of them that are old but in general, the system is modern and automatized. This kind of 
machines are evolving and every time are more and more optimized because the control 
systems are constantly improving. However, this equipment is similar to the most 
actuals, so it works well enough. 
 
 
 

 
Figure 2. Scheme of the process 

 
The clothes arrive by trucks during the day and are weighted at the beginning of the 
process. The client has to say how much sheets, towels or other pieces are inside and 
they pay for the kilograms of clothes. 
 
After being weighted, if there is no queue, the clothes are split for qualities and colours 
and start cleaning in the washing machine. There are two of them, a big one with a 
maximum capacity of 50kg per round and another of 35 kg capacity that is used for small 
clothes and for colour ones. Each quality has a different program, which is introduced in 
a screen that weights the clothes again, and depending of the clothes decides the 
quantity of soap, water or steam there needs to be introduced. 
Some individual small dryers use steam and are similar to the household washing 
machines. 
 
 

Classifying Precleaning Cleaning

PressingDryingIroning

Packing
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Figure 3. One of the two washing tunnels, the big one 

 
The screen is used to display the weight of the clothes used in every individual box. There 
are different programs depending on the type of the cloth and the washing machine is 
capable to adapt and control the quantity of ingredients needed to clean every different 
type.  
 

 
Figure 4. Screen control system in the washing tunnel 

 

Controlling the weight is important to know approximately the quantity of cloths 
cleaned. It is approximated because the other washing machine has no weight control, 
this is due to the low quantities cleaned there. 
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Figure 5. The smaller tunnel 

 
This optimized process needs to be warm enough to clean properly. The water is mixed 
directly with steam and soap. Some months ago, they started using a new soap that 
needs less temperature, this was a good saving method, because the consumption of 
steam was reduced. The steam is sterile once it is evaporated in the boiler and, unless it 
is contaminated while he moves through the pipes, valves or other elements, it is sterile 
at the end of the process. However, it is filtered during the process for removing possible 
bits of metal from the pipes. 
After cleaning them, they are pressed for reducing the volume and pre-drying them, the 
result is colloquially named a ‘cloth pie’, where it is all the cloth we had introduced into 
the machine but compressed and wet. 
 

 
Figure 6. A ‘cloth pie’ after being washed and pressed  

 
The following is drying the ‘cloth pie’. It is introduced in the dryer machine automatically 
with some robots. This is a very critical process because the timing and the temperature 
of the steam can give us a perfect texture or maybe a little bit wet. If it is too much dried 
the cloth can be burned and they turn yellow. This forces to throw them and pay new 
ones. 
There are four dryer machines in a row and another one that works independently. In 
these dryers, the steam is introduced from above and there is a high percentage of 
steam recovery. This is a good opportunity to recover the heat from the steam. 
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Figure 7.The dryers 

 
Once the cloth is dried, it is time to iron it. This process is made in special machines 
called calenders. They have one or two cylinders and some ropes that move the sheet, 
linen or towel through the machine. Inside the cylinder it is introduced the steam. When 
it touches the surface of the cylinder, it heats up the cloth and then it is ironed. The 
steam used to heat it up condensates and goes back to the boiler room. 
There are four of them, it is the process that requires more human work because every 
cloth needs to be introduced correctly and carefully in the calender. The amount of 
steam consumed here is significant and the recovery of it is almost 100%. 
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        Figure 8. The process of ironing and folding in the calender 

 
Inside the calender the cloth is also folded automatically. It is very comfortable because 
then it just needs to be packed and delivered to the costumer. All these processes are 
made for the calender on his own, the employees just need to introduce the cloth 
correctly and pick it up. 
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Figure 9. Steam traps of a calender 

 

The condensate produced in the calenders is very useful because it has high pressure 
and temperature. There are different processes that take place in a calender, this is why 
there are a lot of steam traps. They need to be checked periodically to ensure a good 
performance. 
 

 The steam system 
 

6.2.1. The boiler 
 
Their actual system is based on a boiler for creating high-pressure steam, which is used 
in processes like drying clothes and ironing them in flatwork ironers and industrial 
dryers. The boiler used is a shell one, it is commonly used in steam systems of low 
pressures compared with the water tube boilers. They have high efficiency and speed. 
 

 
Figure 10. The boiler BOSCH 

 
The technical information of the boiler is the following: 
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- BOSCH UL-S 
- Pressure: 12 bar 
- Level control system: ON/OFF, which is not sustainable 
- Maximum steam production: 6000 kg/h 
- Estimated efficiency: 82% 
- Type of combustible: Fuel oil 

 
For feeding the boiler, the combustible chosen was fuel oil, this is due to the low price 
and overall because the natural gas is not frequent in the island. The boiler can also work 
with gasoil, there just needs to swipe a valve. There is an emergency gasoil tank in case 
there is any problems with fuel delivery or a tank leak or contamination. Compared with 
fueloil, gasoil is more expensive and not used frequently. 
 

6.2.1.1. Security 
 
One of the most important parts from the boiler room is this valve. This valve, in the 
case that all the gauges stopped working would keep the pressure of the boiler lower 
than its maximum. 
 

 
Figure 11. Security valve over the boiler 

 

6.2.1.2. The feeding pumps 
 
Water needs to be introduced into the boiler at, at least, a higher pressure than the 
boiler pressure. That is why there is a pump that connects the tank at an atmospheric 
pressure with the boiler, at high pressure. 
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Figure 12. Pair of electric pumps 

 
These pumps are set parallel and work independently. There is just one of them working 
at the same time, but the other one is installed in case the other stops working. They 
are used alternatively, one day each, doing this if one is broken it can be spotted easily. 
The capacity of these pumps working at 50 Hz is 9 m3/h for a pressure of 13 bar and the 
maximum capacity of the boiler is around 6 m3/h, so the pumps are over dimensioned. 
  

6.2.1.3. Conductivity blowdown boiler control  
 
For controlling the conductivity of the water inside the boiler there is a control valve 
installed that is connected to a gauge that measures the conductivity, when it is too 
high, the valve opens and throws the water directly to the sewerage.  
 

 
Figure 13. Conductivity blowdown Control Valve 

 

As the laundry is in an island, the water there has more minerals than as usual, so the 
valve opens with a bit more frequency than in the peninsula, for instance. Anyway, the 
quantity of water removed is very low because the new water introduced into the boiler 
has low minerals concentration, compared with the set point, so the valve is closed most 
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of the time. The set point of the valve is 4000S, so when it is higher than this number, 
it has to open until getting the set point. Steam is sterile, so all the minerals contained 
by the water are left in the boiler. 
 

6.2.1.4. Solid blowdown boiler control 
 
During the process, the steam drags some metal, oxide or different suspended particles. 
These are collected at the bottom of the boiler and this can be a problem for the system 
if is not removed. That is why in every boiler there needs to be installed a blowdown 
control valve. 
 

 
Figure 14. Solids blowdown control valve 

 
This model has a lever for doing the blowdown manually. In addition, a temporizer 
controls the opening of the valve. In this case, the valve opens 10 seconds every 24 
minutes. The valve opens completely, so it creates a current in the bottom of the boiler 
that helps the solids to leave the boiler. As the pipe is quite big, the quantity of water 
removed is high. In addition, the water is very dirty, for these reasons it needs to be 
introduced in a deposit. Before being introduced in the deposit, the water is cooled in a 
tank where it is mixed with fresh water from the water network. 
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Figure 15. The blowdown vessel 

 

6.2.2. Flash steam vessel 
 
Most of the energy and water wasting comes from the recovery of condensate. Once 
the steam has changed of state and given most of the thermal energy it contains, it 
should be introduced into the tank for trying to close as much possible the cycle. Of 
course, it is impossible to recover the total amount of water introduced in the system 
because there is evaporation, small losses and processes that are not well connected. 
 
Their actual solution for recovering as much heat from the condensate as possible is a 
flash steam vessel. Creation of flash is a phenomenon that takes place when you have 
hot water at a high pressure and suddenly the pressure slumps. Then, the saturation 
temperature of water also decreases and a percentage of the water becomes steam. 
This vessel gets the flash steam at 4 bar and uses it for processes which need low 
pressures while, at the same time the condensate is introduced in the tank. 
The problems of this system are: 
 

- The flash vessel has not enough capacity for all the condensate flow. 
- This system affected to some process pressures. 
- Flash steam was still created and once arrived at the tank it evaporated. 

 
For this reason, the maintenance managers use to disconnect the condensate pipes to 
ensure the differential pressures are correct and accordingly, there is a great amount of 
energy lost. 
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Figure 16. The flash tank vessel 

 

6.2.3. Water treatment 
 
Water is a significant cost in this industry, as the laundry is located in an island, most of 
the water comes from desalination plants, water is a scarce resource and the price is 
very high. In addition, the water contains more minerals than as usual, so it needs to be 
treated more intensely, this causes a high treatment cost. There is a subcontracted 
company, which is paid monthly for keeping water clean enough for boiling it. If this was 
not done, as the steam is sterile, all the minerals would relay in the boiler and there 
would need to be too much purges for keeping water in good conditions.  
 
For saving water it is necessary to treat it and there are two steps to follow. 
In first place, the water is filtered in two big filters for reducing the quantity of minerals. 
This filters need to be renewed periodically. 
The next step is adding some chemical products to the water for avoiding corrosion or 
inlays. The necessary dose of the product is 40 mg/m3 and the ph. of water is increased 
around 1 point. 
 

 
Figure 17. Chemical deposits used for water treatment  
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7. POSSIBLE SOLUTIONS 
 
The most important fault in the project is the lack of condensates recovery. There is the 
flash vessel tank that is used for recovering some of the condensate but when all the 
processes are connected to the tank and the steam consumption increases, the pressure 
starts rising because of the high flow and the only solution is disconnecting some 
processes. Disconnecting it there is an important energy loss. For this reason, the most 
important issue is to install a new heat recovery system. 
There are some options from different brands that can be useful and suitable for the 
project. They will be analysed and compared for choosing the better one. 
 

 FREME 
 
Spirax Sarco FREME (Flash Recovery Energy Management Equipment) is an innovative 
heat recovery system that delivers major energy savings by recovering waste heat from 
a condensate return system and using it to pre-heat boiler feedwater. Heat and water 
previously lost can be effectively recovered, reducing utility bills, water treatment 
chemical costs and CO2 emissions.  

 
FREME is proven to be able to achieve energy savings of up to 15%, giving a potential 
return on investment of months. These energy savings can also count towards the 
coveted Carbon Trust Standard – part of the Carbon Reduction Commitment Energy 
Efficiency Scheme (CRC), the UK’s mandatory climate change and energy saving scheme. 
 

 
Figure 18. FREME 

 
This system has been installed in some laundries around the peninsula and the results 
have been excellent. However, it is not very common because the conditions for 
installing it are not accomplished very often. Despite this, there is some experience in 
this field and the previous clients are very happy with the system. 
 



Heat recovery system from the condensate in a steam system                                                               
 

    
26 

Moreover, this would be the first FREME installed in Canary Islands. This means that if 
the results are satisfactory, a new market can be opened in this area and there would 
be more industrial or factories ready to invest in the system. 
 

7.1.1.  How does it work? 
 
There are two independent flows: 
 
Water flow 

It comes from the tank, which normally is at atmospheric pressure. However, is not 
enough because the boiler works better as warmer the water is. The water flow passes 
through two different heat exchangers. 
The first one is made to take profit of the condensate steam that comes from the system. 
In this process, the heat exchange is between water and water, so the heat delivery is 
lower than in the second one. This is due to the state change that suffers the steam, 
where it delivers a huge quantity of heat. 
Once the water is preheated, it crosses through the second heat exchanger, where the 
increase of temperature is significant. In this case, the exchange is between water and 
steam. This steam comes from the flash recovery vessel. 
 
Condensate flow 

The condensate is the steam that has changed state and after transferring the greatest 
part of the heat is liquid. Once it is drained from the system with the help of a steam 
trap, it is driven to a flash recovery vessel, where the pressure descends and due to this 
plunge, the saturation temperature changes and it is created steam again.  
Below, the flash steam passes through the exchanger, where it condensates and it is 
connected with the condensate that has crossed through the other exchanger. 
 

 
Figure 19. The whole FREME connection 
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7.1.2. Advantages  
 
Using condensate returned from the steam distribution system to heat boiler feedwater 

is an extremely effective energy saving measure. For every 6oC rise in boiler feedwater, 
1% is typically knocked off the boiler energy bill.  
However, many steam systems fail to recover all the heat in returned condensate 
because:  
 

- It would raise the feedtank temperature above boiling point, causing cavitation 
that can damage boiler feed pumps. 

- Up to half of the recoverable energy in condensate can be lost as ash steam when 
condensate leaves a pressurised steam system and returns to atmospheric 
pressure.   

 
The FREME system solves all these issues by feeding virtually all the energy from the 
returned condensate into the high-pressure side of the boiler feed pumps. The higher 

pressure means the boiler feedwater can be heated to well over 100oC without boiling 
and causing pump cavitation. 
 

- With FREME, nearly all plant condensate and ash steam can be returned and the 
energy recovered. As well as saving energy, FREME eliminates external venting 
of ash steam, visibly supporting your company’s environmentally- friendly 
operations and brand image. 

- The installation of FREME is easy, there are no control systems and the pack 
comes assembled from factory. Just a few pipes need to be connected. 

- As the system is mechanical, the maintenance is cheap, as well as economic-
friendly. 

- It does not need many space, this is a very important variable in systems like this 
industrial laundry. 

 

7.1.3. Disadvantages 
 
The condensate is not introduced directly to the boiler and then there is a part of it that 
needs to go back to the feedwater tank, so there is an energy loss produced by the 
radiation in the tank. In addition, as the condensate comes back still hot, there can be 
some ash steam. 
The water flow cannot stop to keep the FREME out of danger and for this reason 
sometimes the recirculation is too high.  
 

 SARC System 
 
Haarslev designs this system called SARC, it returns steam condensate from continuous 
processes, which normally are cookers or batch cookers, directly to the boiler under 
pressure, by means of a steam condensate feed tank. 
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In this way, energy losses are minimised thereby reducing fuel and water consumption 
at the boiler. Boiler performance is also significantly enhanced by the SARC as the 
temperature of the water inside the boiler experiences less fluctuations. The SARC unit’s 
pump has been developed with sufficient capacity and power to feed all normal steam 
boilers. 
 

 
Figure 20. SARC system 

 
 

7.2.1. How does it work? 
 
It is installed between the process and the boiler, and it has a bypass to the tank in case 
the consumption is not enough and the boiler does not need more water. 

 
Figure 21. SARC global system 

 

7.2.2. Advantages 
 
An advantage is the simplicity of the system, because it does not need any heat 
exchanger and the condensate goes straight to the boiler. When there are heat 
exchangers, the cycle of steam is not closed, so there is need to drive the condensate to 
the tank. In this situation, there can be some energy loss. 
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7.2.3. Disadvantages 
 
The biggest problem is that the electric pump has to resist very hard temperatures. For 
this reason, it is more expensive than the common ones and they use to break easily. 
This means high cost as well as production disruptions. 

 

 

 CRU System 
 
BAVIERA’s condensate recovery unit (CRU) system achieves optimal energy efficiency in 
condensate recovery and, at the same time, ensures optimal heat transfer along the 
process, by means of several automatic controls.  
It is usually placed in the boiler house. It has a vertical condensate tank where 
condensates are recovered and then fed directly to the boiler at high temperature.  
The condensate pump feeds the boiler with the condensates coming from the lower side 
of the tank. The pump works with high temperature condensates and has therefore, its 
mechanical seal placed away from the hydraulic. It is designed for natural air-cooling 
providing good working conditions that result in a long pump’s life expectancy.  
 

 
 Figure 22. CRU system 

 
 

7.3.1. How does it work? 
 
In this case, the solution is a mix of FREME and SARC systems. This solution has a flash 
tank, which collects the condensates (same as FREME) and with the help of a pump 
introduces the condensate into the boiler directly (same as SARC). There are some 
control systems to ensure the good functioning. 
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Figure 23. CRU global system 

 
 -  Level control: condensate level inside the CRU is controlled automatically and 
ensures optimal working conditions for the pump whatever pressure is regulated in the 
boiler. 
 

 -  Differential pressure control: This measures the difference between pressure 
of the steam fed to the process and condensates recovered from the process: if it is too 
low because of a faulty steam trap, this could risk the system, so it automatically opens 
the valve L and the steam is thrown to the atmosphere.  
 

 -  Condensate temperature control: Temperature of condensates coming from 
the corrugator is measured with a digital temperature sensor, informing the PLC. This 
enables the CRU PLC to automatically detect a system warm-up, deviating rich oxygen 
condensates to the deaerator during start-up. This way it avoids feeding oxygen and 
other non-condensable gases to the boiler, and helps achieve an optimal heating-up of 

the process.    
 

 -  Low pressure steam (flash steam) recycling: If there are low pressure steam 
services, the automatic valve T in the CRU provides the low pressure saturated flash 
steam coming from the condensates for these purposes. This permits recycling of the 

flash steam coming from the process condensates, and provides a high quality 
controlled low pressure saturated steam supply line. 
 

 -  Boiler feed control: The CRU comes with connections that send signals from 
the boiler to the CRU indicating low/high boiler level and ON/OFF boiler alarms. In the 
event of any of these alarms being activated, the CRU avoids feeding the boiler through 
the control valve M. 
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7.3.2. Advantages 
 
Many control systems avoid failures and provide safe solutions in front of many different 
situations. In addition, there is screen control of the system variables. The recovered 
steam is introduced directly to the boiler, so the heat loss is minimum and the cycle is 
almost closed. 

 

7.3.3. Disadvantages 
 
Although there are many control systems to protect the pump, it is still working with 
high temperature water, so it uses to break. 
There are too much control systems, this means that the system is too expensive. The 
workers will have to be trained for getting in touch with the program and the screen 
controls. 
There is some energy loss because the flash steam is introduced directly into the tank 
and it cannot be used for exchanging heat. 
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8. THE SOLUTION 
 
Once analysed and studied the three different options, the one more interesting for this 
project is installing FREME. A simple product gives very good results and is very easy to 
install and maintain. The others systems had the great problem of the pumping system, 
that is known that suffers a lot and it is very expensive. In addition, the system does not 
need that much control gadgets because this raises the investment and complicates the 
functioning and maintenance. 
 
FREME needs three factors for working properly: 
 

- High pressure system for creating as much flash steam as possible 
- Lot of working hours 
- High steam flow 

 
These three conditions are accomplished in industrial laundries and is the reason why 
this system is being installed very successfully. 
 
However, there are many factors that need to be taken in account once calculating the 
FREME, like controlling the level of the tank and the boiler. In addition, the pump used 
for introducing high pressured water from the tank to the boiler, will now play another 
role and will introduce water inside the FREME, and it will work permanently, so it needs 
to be dimensioned again.  
 

 Calculating FREME’s characteristics 

 
In order to calculate the system, there needs to be some data collected. This is provided 
by the client, and some information can be estimated by them. The laundry is not 
provided of the best control systems, there are no flowmeters, the precision of the 
thermometers is not the best, and there are not enough pressure gauges. Consequently, 
this estimated calculating will provide us a useful solution and will be close to reality. 
 

Boiler pressure 12 bar g 

Steam consumption (purges included) 2380 kg/h 

Boiler efficiency 85 % 

Type of fuel Fuel oil 

Fuel cost 0,413 

Working annual time 4745 hours 

Water cost (treatment included) 2,91€ 

Tank pressure 0 bar g (atmospheric) 

Estimated condensate flow inside FREME 2000 kg/h (2000*0,85) 

Condensate line pressure(before traps) 11 bar g 
Table 2. Data necessary for calculating FREME 
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 Dimensioning FREME 
 
The first thing that needs to be done is deciding if FREME is the best system for installing 
in the laundry. Now, it has to be chosen the best size. 
There are three different options, depending on the water feedwater flowrate. 
 

  
Table 3.Different FREME’s models 

 
In this case, as the estimated steam consumption is around 2380kg/h, it is easy to 
choose it, so the selected system for this project will be the FREME 1. 

 

 Location of FREME 
 
In the boiler room, there is space enough to install FREME. If it is possible, it should be 
close to the boiler and the pumps. 
 

 
Figure 24. FREME’s location 

 

This is the most appropriate place for installing it. As it can be seen in the image, it is 
between pumps and the boiler. In addition, the pipe with the condensates coming back 
from the plant is just above, so with a simple adjustment on the piping system, the 
FREME will be installed. 
 

 The boiler level control system 
 
FREME is very appreciate by workers because it does not involve many control systems 
and wires. This means less problems, less maintenance and less technical information. 
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However, there needs to be installed a control system for keeping the boiler level as 
more constant as possible. 
 
There are some different possibilities that can be interesting for the FREME. Having a 
the feedwater tank, the boiler and the heat recovery system, these systems use a two-
way control valve for controlling the boiler level. 
 

8.4.1. Pumped water recirculation before the heat recovery system 
 
In this case, the control valve is connected to a level gauge and it opens the valve when 
the level is high, closing it when it is low. One of the positive points of this system is that 
the tank stays at a medium-high temperature but it is hard to get it to the 100ºC. It is 
always better to have a warm tank because this means that the water will be introduced 
in the boiler warmer, so there will be less fuel consumption and the boiler will suffer 
less. Nevertheless, if there is a lot of condensates recovery, the tank can get higher 
temperatures and start boiling, producing energy loss by water evaporation as well as 
vibrations in the tank. 
  
 

 
Figure 25. Recirculation before the heat recovery system 

 

8.4.2. Mixed system 
 
This system is used with big boilers. It is expensive but very efficient. Expensive because 
it has two control valves, one detecting the control level of the boiler and the other 
measuring the differential pressure. Doing this it is impossible that the differential 
pressure is lower than the required for pushing water to the boiler and you have more 
control. 
As it can be seen, the recirculation is, again, before the heat recovery system. 
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Figure 26. Mixed system 

 

8.4.3. Pumped water recirculation after the heat recovery system 
 
The most important difference of this system is the recirculation connected after the 
heat recovery system. This assures that there will be always water flowing through the 
heat recovery system. In the other cases, if the water consumption of the boiler drops, 
there is still some condensate coming back from the plant and there can be problems 
inside the heat exchangers. For this reason, FREME needs to have always some flow 
through it. 
The negative point is that, in some situations, there is a very high temperature and 
pressure flow being introduced inside the tank. This high energy flow produces some 
flash steam and energy loss. The goal is to have the least opening as possible in the 
control valve. 
This control valve is controlled by a level gauge inside the boiler. 
 

 
Figure 27. Recirculation after the heat recovery system 
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 System sketch 
 
The boiler level control system chosen for this application is the one with the 
recirculation after the heat recovery for the reasons explained before. 
Once decided the technique used, there needs to be done a sketch to understand better 
the whole system. 
On one hand, we have the condensates flow that comes from the processes, it has a lot 
of energy and is introduced into the FREME, where it will be separated between liquid 
and flash steam. Once it transfers a part of this energy to the water it is driven to the 
feedwater tank. 
On the other hand, there is the water from the feedwater tank, which is at high 
temperature. It is introduced at high pressure, because of the pumps, into the FREME 
where it will get the energy from the condensate and will achieve very high 
temperature. When it leaves the FREME, the biggest part is introduced into the boiler, 
and the remaining is introduced into the feedwater tank. This helps keeping the water 
warmer in the tank and then it will get a higher temperature after the FREME as well. 
 
 

 
Figure 28. FREME’s connections 

 

 Heat exchange and final temperature prediction 
 
The heat exchanger is calculated with the energy from the two flows that take part in 
the exchange of heat. 
The formula of the heat exchange is the following: 
 

𝑞 = 𝑚𝐻(ℎ𝐻𝑜𝑢𝑡 − ℎ𝐻𝑖𝑛) =  𝑚𝐶(ℎ𝐶𝑜𝑢𝑡 − ℎ𝐶𝑖𝑛) 
 
If we consider this approximation: 
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∆ℎ ≈ 𝐶𝑝∆𝑇 
 
We have this energy balance depending only of the temperature of the two fluids in the 
entrance and the exit of the exchanger: 
 

𝑞 = 𝑚𝐻𝐶𝑝𝐻(𝑇𝐻𝑜𝑢𝑡 − 𝑇𝐻𝑖𝑛) =  𝑚𝐶𝐶𝑝𝐶(𝑇𝐶𝑜𝑢𝑡 − 𝑇𝐶𝑖𝑛) 
 
However, in this system, the hot fluid is comprised of water and flash steam. For this 
reason, the energy achieved by the system is from the change of phase from gas to 
liquid. 
The formula used in these cases is the following: 
 

𝒒 = 𝒎𝑯𝒉𝒇𝒈 =  𝒎𝑪𝑪𝒑𝑪(𝑻𝑪𝒐𝒖𝒕 − 𝑻𝑪𝒊𝒏) 
 
In FREME there are two different exchangers. For this reason, they will be calculated 
independently and the final temperature will be predicted. 
 
Before starting the calculations there is an assumption made. This assumption is basic 
for having the data and the flows of the system. The assumption is that the pressure of 
the recovered condensate in the entrance of FREME is 3 bar. The minimum pressure of 
the system is 4,5 bar g of the laundry tunnels. This means that for having a good purge, 
the pressure needs to be maximum around 4 bar. If the pressure is higher, the steam 
traps can start to fail and not do the proper function. If the pressure is lower, there will 
not be enough flash steam and not enough energy to warm the water up. 
 

 
Figure 29. Pressure levels 

 

The pressure in the exit of FREME is around 0,5 bar g because the tank is around 5 
meters high. 

𝑃 =  𝑃0 + 𝜌𝑔ℎ = 0 + 1000
𝑘𝑔

𝑚3
∗ 9,81

𝑚

𝑠2
∗ 5𝑚 ≈ 0,5 𝑏𝑎𝑟 
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The flow after travelling through the plant and the processes has the following 
properties: 
 

Pressure 11 bar r 

Temperature 188,045 ºC 

Flow 2380 kg/h 

Recovered flow 2000 kg/h 
Table 4. Recovered condensate data 

 
Then, it is purged with the necessary steam traps and it appears flash steam, this is due 
to the drop of pressure from 11 bar g to 3. Although at 11 bar g all the flow purged by 
the steam trap was liquid water, now there needs to be calculated how much flow will 
be like flash steam and how much like water. 
There is an easy way of calculating this, with the difference of energy that has water at 
11 bar g and at 3 bar g. This divided by the energy of evaporation at 3 bar and multiplied 
by the total flow. 
 

𝑐𝑓𝑙𝑎𝑠ℎ =
ℎ𝑓(11 𝑏𝑎𝑟 𝑔) − ℎ𝑓(3 𝑏𝑎𝑟 𝑔)

ℎ𝑓𝑔(3 𝑏𝑎𝑟 𝑔)
∗ 𝐹𝑙𝑜𝑤 =  

798,93 −  605,45

2133,24
∗ 2000 = 181,39 𝑘𝑔/ℎ 

 
𝑐𝑤𝑎𝑡𝑒𝑟 = 𝐹𝑙𝑜𝑤 − 𝑐𝑓𝑙𝑎𝑠ℎ = 2000 − 181,39 = 1818,61 𝑘𝑔/ℎ 

 

 
Figure 30. Scheme of the flow distribution 

 
 

8.6.1.  Exchanger 1 
 
A steam trap purges the condensate achieved in the flash vessel. After this trap the 
pressure is 0,5 bar g. Here there is creation of flash steam again. This time the flow will 
be smaller obviously because the pressure drop is not as high as before. For calculating 
this flow there will be used the same formula: 

FLASH 
TANK

2000 kg/h

Exchanger 2

181 kg/h

Exchanger 1

1819 kg/h
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𝑐𝑓𝑙𝑎𝑠ℎ =
ℎ𝑓(3 𝑏𝑎𝑟 𝑔) −  ℎ𝑓(0,5 𝑏𝑎𝑟 𝑔)

ℎ𝑓𝑔(0,5 𝑏𝑎𝑟 𝑔)
∗ 𝐹𝑙𝑜𝑤 =  

605,45 −  468,33

2225,47
∗ 1818,61 = 112,05 𝑘𝑔/ℎ 

 
𝑐𝑤𝑎𝑡𝑒𝑟 = 𝐹𝑙𝑜𝑤 − 𝑐𝑓𝑙𝑎𝑠ℎ = 1818,61 − 112,05 = 1706,56 𝑘𝑔/ℎ 

 
 
As there is steam, there are two possible situations: 
 

1- A part of steam is condensed and the temperature in the hot focus is constant 
2- All the steam is condensed and the temperature in the hot focus decreases 

 
A hypothesis is made for deciding which is the correct situation. In the hypothetic case 
that the first option is the correct, the heat transferred would be calculated like: 
 

𝑞 = 𝑚𝐻ℎ𝑓𝑔 = 112,05 ∗ 2225,47 = 249363,91
𝑘𝐽

ℎ
 

 
 

Exchanger's data 

Transfer area 5,05 m^2 

Thickness 0,0007 m 

Hot focus 

Flow 112,05 kg/h 

Pressure 0,50 bar g 

Input temperature 111,64 ºC 

Cold focus 

Flow 4000 kg/h 

Input temperature 95 ºC 

Table 5. Exchanger 1 data 

 
The data from the table has been filled with the characteristics of the exchanger, the 
material inside the exchanger is stainless steel and it has a conductivity around 20 
W/(m*ºC).  The exchanger supplier guarantees that the exchanger is over dimensioned 
and the power of the exchanger is always higher than the power that can provide the 
hot focus.  
The flow pumped inside the FREME is considered 4000 kg/h. This was decided because 
the pump has enough capacity to provide this flow and because, even the average flow 
calculated was 2380 kg/h, there needs to be a security margin in case there is a peak in 
the steam consumption. The pump has to be prepared to give the flow that the pump 
demands and in case there is too much flow, it can recirculate to the tank and pre-heat 
the feedwater of the boiler. As higher is the flow, lower is the temperature at the exit of 
the first exchanger, but the most important is to feed the boiler with enough water. 
The water from the tank is at a temperature of 95ºC because in stationary state, the 
feedwater tank is very warm due to the recirculation. In the situation that the boiler 
doesn’t need any water, all the amount of water from FREME will exit at a high 
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temperature and will be introduced into the tank, for this reason the temperature will 
be that high. Nevertheless, it is important not to get 100ºC because in this case the tank 
can start boiling and then it is created steam lost in the atmosphere. 
 
As all the heat transferred from the hot focus to the cold one, the output temperature 
of the water is calculated as: 
 

𝑞 =  𝑚𝐶𝐶𝑝𝐶(𝑇𝐶𝑜𝑢𝑡 − 𝑇𝐶𝑖𝑛) 

249363,91 =  4000 ∗ 4,18 ∗ (𝑇𝐶𝑜𝑢𝑡 − 95) 
𝑻𝑪𝒐𝒖𝒕 = 𝟏𝟎𝟗, 𝟖𝟖 º𝑪 

 
Searching in the steam tables it can be seen that the hot focus is at a pressure of 0,5 bar 
g and 111,64ºC. As the hot focus is just a little bit warmer than the potential 
temperature of the cold focus, it will be considered that the first hypothesis is true. This 
is because with a difference of a few degrees, the energy provided by the condensate is 
very low compared with the given by the steam condensation. The dirty inside the 
exchangers will be considered null. 
 
The predicted temperature of water in the exit of FREME is 109.88 ºC, around 15 ºC 
higher than before, this means a significant energy recovery. 
 

8.6.2. Exchanger 2 
 
This exchanger is smaller but it is the one where there is a higher heat exchange. This is 
because the whole part of the flow is steam, and until it does not condensate the steam 
trap located just below the exchanger cannot purge it. 
 

Exchanger's data 

Transfer area 2,93 m^2 

Thickness 0,0007 m  

Hot focus 

Flow 181,42 kg/h 

Pressure 3 bar g 

Input temperature 143,72 ºC 

Cold focus 

Flow 4000 kg/h 

Input temperature 109,5 ºC 

Table 6. Exchanger 2 data 
 

 
Here there is just the possibility of condensing, so the power offered by the steam is 
known and there is no need to do hypothesis. 
With the same procedure used for exchanger 1, the increasing of temperature has been 
approximately calculated. 
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𝑞 =  𝑚𝐶𝐶𝑝𝐶(𝑇𝐶𝑜𝑢𝑡 − 𝑇𝐶𝑖𝑛) 

386956,10 =  4000 ∗ 4,18 ∗ (𝑇𝐶𝑜𝑢𝑡 − 109,88) 
𝑻𝑪𝒐𝒖𝒕 = 𝟏𝟑𝟑, 𝟎𝟐 º𝑪 

 
The final temperature predicted after crossing through FREME is 133ºC. This means an 
important increasing of temperature. From feeding the boiler at 60-65ºC to 133ºC. This 
is not just very good for reducing fuel consumption but also for improving the 
functioning of the boiler. 
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9. INSTALLING FREME 
 
Once the system has been calculated and there is an ideal temperature of work, FREME 
is installed. For installing it there have been some changes in the system. This is how 
FREME is adapted to the actual system. 
 

 Level control system 
 
There are many different level control systems and they were explained before. Finally, 
the control system chosen was the one with the recirculation after the FREME. The valve 
chosen for the control is a Spira-Trol, a two-ways valve that has a pneumatic actuator 
together with a positioner. This positioner receives the signal of a regulator that at the 
same time receives the signal from the gauge installed in the boiler and decides the 
opening percentage of the valve. This valve works at a very high pressure and the water 
is very hot, this means that it works in a critical situation. It is dangerous because in 
these conditions it is possible to suffer cavitation, which destroys the internal parts of 
the valve. For this reason, it has been installed very close to the tank, then the steam 
drops the pressure but it has more space for expanding. 
 
The best for the efficiency of the process is to keep it as close as possible. In the other 
case, there will be a very high temperature in the tank and there will be creation of flash 
steam. 
 

 
Figure 31. Spira- Trol valve 

 
 

9.1.1. Original situation 
 
When the FREME arrived at the laundry, it was installed with the elements that have 
been explained during the project. It included the FREME (the two exchangers, the flash 
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vessel, the steam traps and the excess pressure valve) and the Spira-Trol, the two-way 
valve used to keep the level of the boiler right. Some items could influence the 
temperature at the exit of the FREME as well as the correct functioning of the whole 
system. 
 
TEMPERATURE: 120ºC 
 

ITEM State 

Pumps Connected at 50Hz and working all the time 

Flash vessel All the valves opened 

Excess pressure valve Maximum pressure allowed: 3,4 bar g 

 
In this case, the pumps were connected all the time because FREME cannot stop 
exchanging heat and it needs to have flow. If it has no flow then the pressure increases 
and there can be problems. 
The negative part of this was that the water could not be warmed enough. This was 
because the flow was too high and there was not enough time and energy to heat it up. 
In addition, the level control valve was opened most of the time between 20 and 60%. 
This caused a lot of recirculation flow, and the feedwater tank was very hot and due to 
the huge amount of flow, it was trembling and water was being spilled through a small 
hole from the bottom of the tank. Moreover, there was a lot of flash steam in the tank 
and consequently, a lot of energy loss. 
 
Talking about the vessel tank, it was working inappropriately. There were three different 
possibilities: 
 

- Using it in the common way: If it was used normally, the pressure of the 
recovered condensates dropped to 1 bar g and the FREME did not have enough 
pressure to work properly. Because the pressure gap was not enough to create 
the necessary flash steam to heat the cold water. The tank did not have enough 
capacity to recover all the recovery condensates. 

- The three valves opened: This means that the valve of the bypass, and the ones 
that connected the flash vessel were opened. Working like this, there is a 
percentage of condensate that is recirculated to the washing tunnels, and if the 
flow is not enough, a reducing pressure valve connected to the high-pressure 
steam, feeds it until getting enough flow. The problem with this is that we lose 
some flow to FREME, which means power of heating, and at the same time the 
tank vessel does not work perfectly.  

- Bypassed (not using it): After proving this, the best solution is that the flash 
vessel works bypassed. In this situation, all the recovered steam is introduced in 
the FREME and the temperature rises. 
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The pressure from the recovered condensate was around 3 and 3,4 bar. The one 
predicted in the calculations was 3. When the pressure was higher than 3,4 bar g, the 
excess pressure valve opened for removing the necessary steam to the atmosphere and 
then descend the pressure. With this, the whole system was protected but at the same 
time there was some energy loss. This excess pressure valve was connected can be 
bypassed, so it was bypassed to see if the pressure increased and what would happen 
to the processes. After trying this, it was seen that the pressure increased to around 4 
bar g and there were no problems with the condensate recovery and the traps. 
 

9.1.2. Improved system 
 
TEMPERATURE: 128ºC 
 

ITEM State 

Pumps 
Working at 25 and 50 Hz 
High level alarm 

Flash vessel Bypassed 

Excess pressure 
valve 

Maximum pressure allowed: 3,4 bar g 

 
It was decided to create two different situations, so there were installed two frequency 
variators that reduced the frequency of the pump. 
The pump worked at 50 Hz and when the level arrived at the set point stablished in the 
system and known by the level gauge, it changed to 25Hz. Then, the pressure supplied 
by the pump was not enough to push the steam into the boiler and all the flow was 
recirculated to the pump. This means that the recirculated flow was lower than before, 
so the tank was not so hot and it stopped trembling. In addition, the flash created also 
dropped. 
This improvement was satisfactory but not enough, because most of the time the pump 
was working at 50Hz and the functioning was similar as first. 
 
Meanwhile, there was a new actuator ordered for keeping the pressure at 4 bar g and 
have better results. 
 

9.1.3. Final system 
 
TEMPERATURE: 140ºC 
 

ITEM State 

Pumps 
Working at 35 and 45 Hz 
Low level alarm 

Flash vessel Bypassed 

Excess pressure valve Maximum pressure allowed: 4 bar g 
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As the improvements done before were not enough, there were some more changes. 
In first place, the pumps started working at 35 and 45 Hz, but the most important change 
was that the alarm was not for high level, but for low. With this setting, pumps are 
working with 45 Hz more time and the recirculation is almost null because the flow is 
not as high as with 50 Hz. This can be seen in the positioner of the Spira-Trol, it is always 
around 0-5% lift. 
 
With the new actuator the pressure is around 3,5 and 4 bar g, so it does not remove as 
much stem. 
 
Now the FREME works in two different situations: 

- When the pump feeds the boiler at 12 bar. The frequency is 45 Hz and the flow 
in this moment is around 3500 kg/h of water. Most of it is introduced into the 
boiler but there is some recirculation. This recirculation creates some flash steam 
in the tank. 

- When the boiler does not need water and the pump works at 35 Hz. The pressure 
of the water is around 8 bar and the flow is lower, 2000 kg/h. In this situation all 
the water is recirculated, but is less common to be working like this because most 
of the time it is feeding the boiler. In addition, in this case the temperature is not 
140ºC. 

 
The difference between the 133ºC of the simulation and the 140ºC of the real system 
are the pressure of the condensate return. It was predicted that the pressure would be 
3 bar g and now it is seen that if it is increased until 4 bar g, the processes are still working 
properly and there are no problems. For this reason, as steam has more energy to 
transfer to water, it can get the 140ºC. 
 

 Boiler burner 
 
During the installation of FREME, it was spotted an important fact that has a lot of 
impact in fuel consumption. The boiler burner was working in ON/OFF mode because 
there was no shifter. This means that when the pressure is low, the burner starts burning 
at the highest power, 100%, but when it is pressured enough it goes back to zero in a 
matter of a second. This is a not efficient way of working, so there needs to be installed 
a shifter that keeps the flame always burning but controlling the quantity of fuel 
introduced.  
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Figure 32. Boiler burner 

 

In the following graphs it can be seen the difference between the two options with or 
without modulator. It can be seen that without modulator there is more fluctuation and 
it is hard to keep the pressure around the average. In addition, the average is lower than 
the set point, it is expected to have 12 bar but there are a bit more than 11. This can 
produce a lower optimization in processes and worse quality. 
 
 

 
Figure 33. Pressure without modulator 

 

6
7
8
9

10
11
12
13
14

1:
06

:0
0

1:
36

:0
0

2:
06

:0
0

2:
36

:0
0

3:
06

:0
0

3:
36

:0
0

4:
06

:0
0

4:
36

:0
0

5:
06

:0
0

5:
36

:0
0

6:
06

:0
0

6:
36

:0
0

7:
06

:0
0

7:
36

:0
0

8:
06

:0
0

8:
36

:0
0

9:
06

:0
0

9:
36

:0
0

10
:0

6:
00

10
:3

6:
00

11
:1

0:
00

11
:4

0:
00

12
:1

0:
00

12
:4

0:
00

13
:1

0:
00

13
:4

0:
00

14
:1

0:
00

14
:4

0:
00

15
:1

0:
00

15
:4

0:
00

P
re

ss
u

re
 (b

ar
 g

)

Hour

Pressure without modulator



Heat recovery system from the condensate in a steam system                                                               
 

    
47 

 
Figure 34. Pressure with modulator 

 

 

 Flowmeter 
 
Having information about your system is basic if the goal is optimizing it. Information 
can be given by data, and one of the first things that need to be controlled is the 
consumption of steam. Once installed the FREME, there has been installed a flowmeter. 
This is a piece located between two pipes and gives information about the pressure, 
temperature, and most important, the steam flow. 
 
The flowmeter is located in the exit of the boiler, in this location it can be seen the 
consumption of the whole laundry and it can be calculated with more precision the cost 
of steam production. 
 

 
Figure 35. Flowmeter installed between flanges 
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It can be installed with a screen or it can be seen directly from a small screen that has 
equipped. In this case, it is installed with the screen, so there can be storage information 
during months and the measurement is every 5 minutes. 
 

    
Figure 36. Flowmeter’s screen 

 

With the flowmeter installed, there is a lot of useful information that could not be 
known before. 
 
Analysing one day it can be seen that the steam consumption is never constant. This is 
because in this industry the processes are not always the same and there is not a perfect 
chain of production. For instance, the first two hours are mostly used for washing and 
drying, but if the day before there was not enough time to iron all the clothes, the 
calenders will be working from the beginning. 
 
In addition, there are different types of clothes and, for instance, a towel is easier to iron 
than a blanket, because it does not need to be as defined. It is impossible to have two 
equal days. 
 

 
Table 7. Instant steam consumption 
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In the graph it can be seen the variability of the consumption during a day. This data was 
chosen from a random day. The highest instant steam consumption is at around 8:36 
AM GMT-1. This is because at around 7 or 8 AM there come a lot of tracks from the 
hotels and restaurants with dirty clothes. Furthermore, there is a very low production 
during the last hour, from 13:00 to 14:00h. However, in general, the consumption keeps 
between 1500 and 3500 kg/h. 
 
 

 
Table 8. Average steam consumption per hour and day 

 
 
There are some days where the information was not collected because there were some 
changes in the system and the results were not clear nor significant. However, there is 
something very good, the average consumption is always very similar, it is always 
between 1750 and 2250. The average of these 22 days is 2201 kJ/kg. This means that 
the calculations made at the beginning of the project when there was no flowmeter are 
very close to the real steam consumption. 

 

 Vent flow 
 
The water arrives at the tank at a high temperature, so it is mixed with the new cold 
water and introduced in the tank with a special deaerator with a gasket to mix the 
different flows. It is very interesting to keep the tank hot because it means that the 
temperature will get inside the FREME warmer and then it will leave the FREME warmer 
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as well. However, introducing this hot water produces some flash steam that is lost 
through the vent head and lost in the atmosphere. 
 
 

 
Figure 37. Vent head 
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10. ECONOMICAL ANALYSIS 
 

 Savings 
 
Some days after installing FREME, there were the first reactions in the laundry. The most 
evident improvement was that water consumption plummeted, because they had to full 
the tank more often than now. Fuel consumption is more difficult to prove, but since 
they installed FREME, they last three or four more days to fill up the exterior tank. 
 
The measurement system for water is via a flow meter. Nevertheless, measuring fuel oil 
is harder. They do it daily but the precision is not very high. There is a tank outside the 
factory with a capacity of 30000 litres. Inside the factory there is another tank of 8000 
litres. Every day, when the day is over, they fill up this tank with a bomb that stops when 
arrives a float arrives triggers the alarm level. Then, they measure the tank level with a 
long bar introduced into the tank. The problem of this measurement is that it can 
produce a daily error. Nevertheless, measuring the summation of some days the error 
is minimized. The flow meters for fuel oil are very expensive. In addition, as the fuel 
needs to be warm in the interior tank, around 60ºC, it dilates and produce variation of 
the measurement. 
 
Once known the difficulties of measuring, there have been picked up many 
measurements during the last months. The result is very satisfactory. It was decided that 
the improvement would be calculated related to steam consumption but not with the 
kilograms of clothes. This is due to the different qualities of clothing and as it was said 
before, the different clothes have different steam consumptions, and the proportion of 
every kind of cloth is always changing. Whereas, the steam consumption is always at the 
same temperature and is controlled by the flowmeter. 
 
The data was collected with the FREME working and during some days it was bypassed 
to have information about the contrast of the consumption. 
As it can be seen the results are very positive and the savings in energy and money are 
very important. 
 
 

 
 

Without FREME With FREME Difference 

Daily water consumption 
(m3/day) 

21,7 12,8 -41% 

Daily fuel consumption 
(litres/day) 

2757 2399 -13% 

Cost of a ton of steam 
(Steam+water) (€/tn) 

 
34,38 29,21 -15,04% 

Table 9. Savings 
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Annual steam consumption 
(kg/year) 

Without FREME With FREME Annual saving 

11.300.000,00 388.456 € 330.017 € 58.439 € 

Table 10. Annual saving 

 
Considering the data given by the client and with the one it was estimated the steam 
consumption, there is an annual consumption of around 11.300.000 kg/year and with 
the data collected with the flowmeter, there we have a saving of around 60.000€/year. 
There was another company involved in the selling. This company works with Spirax 
Sarco in the Canary Islands because there is not any salesman that lives there and the 
area is a little bit lonely, so the clients cannot receive weekly visits, this is why this 
company is very useful for Spirax Sarco and for the clients. 
 
This price was high but it is because this is a solution that can save a lot of money and at 
the same time for installing it there has been a lot of time spent. Not for installing but 
for calibrating it and searching for the better functioning. 
 

 The quotation 
 
The cost of the whole system is divided in some parts: 
 

Description Price 

 
- FREME-1, which includes two heat exchangers of Vahterus, 

the flash vessel tank, the steam traps, the temperature and 
pressure gauges and all the structure, the pipes and the 
time spent manufacturing it. 

 
- The level probes installed in the boiler and the control 

system including the valve, the actuator, the positioner, the 
air strainer and all the level controllers as well as strainers 
and disc check valves. 

 
- In addition, there is all the time spent designing the FREME 

and redesigning the whole system to create the level 
control together with the visits and the constant contact 
there has been since the project started. 

 
- The new piping connections through the system 

 
- Two pump modulators for providing different frequencies 

 
- Financing during 3 years 

 

 
90.000 € 
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- Both the flowmeter and the screen are not included in the 
first quotation. They are installed temporary and maybe in 
the future they will be purchased 

 

2500 € 

TOTAL 92.500 € 

- Extra: Writing the project 
              35 hours * 10 €/hour 

350 € 

- Boiler burner modulator is free because it is included in the 
boiler guarantee. 

0 €  

Table 11. The quotation 

 

 Subsidy 
 
The Canary government receives economical help from the Spanish government. This is 
because the opportunities in the islands are not the same as in the peninsula and it is 
harder to create a successful business. One of this ways of helping the islands is giving 
subsidies. As the project is environment-friendly and the reduction of fuel consumption 
is proved, there is a very interesting subsidy where the company receives 19.000€. The 
government has approved this subsidy and the laundry can count with this money. 
 

 Payback 
 
The payback is the best way to measure the safety of an investment. As shorter it is, 
safer is the investment and faster are the benefits. In this project, the payment has been 
split into three different years, they will be studied to see how long does it take to 
recover the money invested in the new system installed. 
 
The total cost of the project is: 
 

 Cost 

Project 92500 € 

Subsidy -19000 € 

TOTAL 73500 € 

Table 12. Cost of the project 

 
Calculating the payback in a simple way and without financing, the calculation with an 
investment of 73500 € and with a saving of 56439€ per year, would be: 
 

𝐏𝐚𝐲𝐛𝐚𝐜𝐤 =
𝟕𝟑𝟓𝟎𝟎 € 

𝟓𝟔𝟒𝟑𝟗 €/𝐲𝐞𝐚𝐫
= 𝟏, 𝟑𝟎 𝐲𝐞𝐚𝐫𝐬 = 𝟏𝟓, 𝟔 𝐦𝐨𝐧𝐭𝐡𝐬 
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It is a very short period, in industry the investments that have a payback shorter than 2 
years are considered very safe. 
 
However, the cost of the project is divided into the three years, so it is 24500 € per year.  
 

Year 1 2 3 

Cost -24500 € -24500 € -24500 € 

Savings 58439 € 58439 € 58439 € 

Total 33939 € 33939 € 33939 € 

Accumulated total 33939 € 67878 € 101817 € 

Table 13. Payback 

 
 
Considering that the savings are constant every year, although there is an important 
investment made, the client will earn 33.939 € the first year, the second 67.878 € and 
the third one 101.817 € compared with last year. These are very good results, because 
the investment is very safe, it will not create any lost to the client. Once the system is 
paid, the client will earn around 60.000 € every year. 
 
The way of calculating it has been simplified, without calculating the devaluation of the 
coin, because it is very short and the differences are not significant. 
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11. FUTURE DEVELOPMENT 
 
A possible investment in the future can be done installing another exchanger. In this 
case, an exchanger in the exit of the vent of the tank. It is used to take profit of a very 
important percentage of the flash that is still created in the tank. Although the FREME 
has been successfully installed, there is still a little bit of flash leaving the system. 
 

 
Figure 38. EVC exchanger 

 
In the washing tunnels there is a daily consumption of around 50 m3 that are used to 
clean. The temperature needed is 45ºC. It was reduced months ago with the use of a 
new kind of soaps that avoid using higher temperatures and reduce the costs. 
A possible idea for recovering the heat of the exchanger would be introducing this flow 
and preheating the water. This water is at 20ºC and it is heated with steam, so this would 
mean that there would be many steam savings through the year. Furthermore, the 
maintenance of this exchanger is almost inexistent and it does not have any control 
system. 
 
The flow can be calculated with the energy balance in the  
 

Average steam consumption 2300 kg/h 

Energy saturated steam at 0 bar g 2675 kJ/kg 

Working hours a day 13 h 

Percentage of flow recovery 90 % 

Recovery flow 2070 kg/h 

Pressure of the condensate 11 bar r 

Saturated water enthalpy at 11 bar g 798,93 kJ/kg 

Saturated water enthalpy at 4 bar g 640,85 kJ/kg 

Evaporation enthalpy at 4 bar g 2107,92 kJ/kg 

Difference 158,08 kJ/kg 

Flash flow tank FREME 155,24 kg/h 
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Pressure FREME 3,5 bar r 

Saturated water enthalpy at 3,5 bar g 623,92 kJ/kg 

Saturated water enthalpy at 0 bar g 419,1 kJ/kg 

Evaporation enthalpy at 0 bar g 2256,66 kJ/kg 

Difference 204,82 kJ/kg 

Flash flow 1 14,09 kg/h    

Recirculation percentage 20 % 

Water flow FREME 3500 kg/h 

Recirculation flow 700 kg/h 

Pressure 12 bar r 

Temperature 135 ºC 

Saturated water enthalpy at 12 bar g 814,97 kJ/kg 

Saturated water enthalpy at 1 bar g 505,57 kJ/kg 

Difference 309,4 kJ/kg 

Flash flow 2 80,96 kg/h    

Total flow 95,05 kg/h 
Table 14. Flash flow 

 
There are the two different flows producing flash steam. The EVC would warm up 50 
m3. 
 

Flow in the washing tunnel 50 m3/day 

Flow in the washing tunnel 3846,15 kg/h 

Efficiency exchanger 65 % 

Energy from the flash 254269,7421 kJ/h 

Energy recovered 165275,3323 kJ/h 

Increase of temperature 10,3 ºC 

Steam at 4,5 bar g that is used for heating this 
difference 

60,0 kg/h 

Cost of the steam 284864,3124 kg/year 

Annual saving 11800,22 €/year 

Cost of the investment 6000 € 

Payback 6,10 months 
Table 15. Calculating the payback 

 
With this result, it can be seen that installing an EVC could be the next step for 
improving the project and optimize it even more. 
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12. CHRONOGRAM 
 
This project has taken a lot of time from the first talks, where there was no idea about 
what would be the most useful progress to make. The company have some salesmen 
distributed by zones and every salesman has to keep in contact with the costumers and 
provide them the best solutions. Sometimes the client comes to the client but, in 
general, is the salesman that has to suggest different options and systems to improve 
their systems. In this case, it took some months to encourage the client for doing this 
important investment, but now the results are excellent and everyone is satisfied. 
Once the option suggested to the costumer there was needed to dimension and 
calculate FREME for finally selling it and start building it until it was installed on February 
2018.  
Once installed it was not working too efficiently and was adjusted until it minimized the 
steam consumption.  

 
 
 
 
 
 

 
  

First meeting 
and ideas to 
optimize the 

system

06/18

Dimensioning 
and 

calculating 
FREME

11/17

Installing 
FREME

02/18

Installing 
Flowmeter

02/18

Visiting the 
laundry and 
improving 
the system

03/18

End of the 
project

04/18
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13. ENVIRONMENTAL IMPACT 
 
Climate change is real, nowadays there are many studies that prove it and there need 
to be radical changes in our society and the way we understand the industry for reducing 
the impact on Earth. However, it is not easy to reduce the impact because most of the 
times the environmental-friendly systems are very expensive and the economic benefits 
are almost inexistent. It is not the case of this project. In this project the economical and 
sustainable improvements walk together and this is why the results are very 
satisfactory. 
 
The most critical impact created in the laundry is the air pollution that takes place in the 
process of producing steam. 
Before starting the project, the annual fuel consumption was around 800.000 kg of fuel 
oil per year, in CO2 emissions this is approximately 2.500.000 kg per year. The CO2 
emissions for heavy fuel are 3,11 kg CO2/kg fuel. Nowadays it has been reduced a 13%, 
so now the annual fuel consumption is around 700.000 kg, so approximately 2.100.000 
kg of CO2 per year. This means saving 400.000 kg of CO2 every year. This is a very positive 
environmental impact and it can be said that the project is environment-friendly.  
 

Without FREME With FREME Annual saving 

2.500.000 kg CO2 2.100.000 kg CO2 400.000 kg of CO2 

Table 16. CO2 emissions 

 
However, the fuel used in the factory is heavy fuel, this is one of the most polluting 
combustibles. Compared to gasoil, light fuel, propane or natural gas (mostly methane), 
it is denser, so it has more derivate materials, and it has lower heat power. This means 
that for the same amount of combustible we have less energy, this means more air 
pollution. 
 

Combustible Kinematic Viscosity 
(cSt) 

Specific weight 
(kg/m3) 

Heat power 
 (kJ/kg) 

Gasoil 4 0,835 45600 

Light fuel 50 0,935 43500 

Heavy fuel 400 0,950 42500 

Propane - - 49800 

Natural gas - - 3600 kJ/kWh 
Table 17. Different fuel characteristics 

 
High percentages of Sulphur, Sodium, Nickel, Vanadium, Aluminium, Silicon and ash are 
introduced in the heavy fuel oil. It contains 3000 times the amount of Sulphur that 
contains the Gasoil. In some countries, it is forbidden because of the high pollution that 
creates, but it is very common in the nautical industry, for example, the cruise ships or 
commercial boats use it. One of the best environmental investments to do in the laundry 
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would be using gasoil. The boiler can work with gasoil, the problem is that is more 
expensive than fuel oil. For this reason, it is hard to change the current situation. 
 
In addition, there is a lot of electricity consumption, which indirectly produces many CO2 
emissions. Currently in Lanzarote, just around a 10% of the energy is produced by 
sustainable energies, the rest is produced by diesel motors. 
 

 
Figure 39. Electricity production 

 
There is also water pollution, the soap mixed with water to clean the clothes is used at 
high quantities. Related to the steam systems, when the boiler is purged through the 
blowdown valve, it is very hot, so is cooled down in a previous tank and then it is 
introduced in a big tank where it is picked up and treated independently. The reason 
why it cannot be thrown to the normal network is that it has very high density of 
chemicals and minerals that were in the water or in the system. These are not reduced 
during the project because the steam consumption is very similar. 

 
  

Diesel motors 90% 

Solar panels 1% 

Windmills 9% 
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14. CONCLUSIONS 
 
During this project there have been some goals achieved. 
 
In first place, there was analysed the whole steam system searching for problems and 
inefficient processes related to steam. 
 
There have been studied as well the possible solutions that the company Spirax Sarco 
could offer and implement in the company. With the experience of the company and 
the analysis made, the solution chosen was installing the Flash Recovery Energy 
Management Equipment. 
 
FREME and all the complements were installed successfully and it was possible to see 
how the system reacted to this evolution. It did not work at the first time so the different 
changes and improvements made were the key for achieving the expected savings. For 
reaching this, it was necessary to visit the laundry and see from the first sight what was 
going on. 
 
Once the data from the new and the old system was picked up, there could be seen the 
differences between the previous calculations and the real system. 
 
The economic benefits have also been calculated, the savings are significant and as good 
as expected. The results prove that the investment is economically worth it. It is a 
considerable investment, but at the same time, the savings are very high, so the payback 
is short, just fifteen months, and the benefits of the laundry are rising. 
 
The environmental impact has also been calculated, and it is incredible to see the 
amount of gases and water that can be saved with this system. The direct emissions 
have plummeted and the laundry is more efficient and environment-friendly. 
 
Finally, there has been calculated a new possible improvement for the future that could 
be profitable and would optimize even more the steam production.  
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17. ANNEX 
 

 
Figure 40. Certificate of quality of the fuel oil given by the supplier 
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Figure 41. Fuel level measurement guide 

 
 


