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Abstract 
 
Snow and ice interfere with the movement of people and transport. Moreover, in some 
cases, precipitations during winter and ice formatting could be the reason for such 
problems like roof caving or accidents on the road. People injuries caused by a fall also 
apply to these problems. Snow and ice melting (SIM) systems could solve these problems. 
The main purpose of this paper was to explore what type of SIM system is more 
advantageous in Saint-Petersburg, Russia. Another less important aim but still worth 
mentioning was to figure out whether to use or not bioswale disposal system. 
 
To compare different types of SIM systems payback period calculations were applied. 
Preliminarily, simplified design of hydraulic and electric SIM system was made to calculate 
equipment, energy source and mounting works prices. The final prices were compared with 
mechanical and mechanized snow and ice removal cost. Literature review method was 
applied to explore the bioswale disposal system. On the examples of bioswales 
implementation in the USA, cost savings were obtained.  
 
It could be concluded that hydraulic SIM system is the most advantageous in Saint-
Petersburg. Moreover, it is also beneficial to replace the existing electric SIM system with 
hydraulic. Joint implementation of bioswales and hydraulic SIM system will not only reduce 
the price of snow and ice removal but also reduce the price of the water disposal system. 
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1 INTRODUCTION 

It is necessary to create safe environment for humans. It is especially important in 

winter during snowfalls and periods of iceformating. Accidents due to ice and 

obstruction of movement are the main problems in winter. Moreover, these 

precipitations and formations may harm human’s health. There is nothing more 

valuable than human health. It goes without saying that it cannot be valued with 

money. Implementation of modern technologies could solve this problem.  

 

One of the options is snow and ice melting (SIM) systems implementation. These 

systems can prevent roof crashes or incidents on roads. Their application is the 

most convenient way to get rid of ice and piles of snow. However, SIM systems 

require certain conditions to be economically feasible. 

 

This paper discusses SIM systems implementation in Saint-Petersburg, Russia. 

Are these systems profitable? What type of system is better to use? Is it worth 

investing in them or is it better to remove snow and ice in a traditional way? 

Furthermore, how to ensure high-quality water drainage to prevent re-freezing? 

The answer could be conventional disposal systems development or greenspace 

expansion. The answers to these questions will help to decide if the new systems 

are worth applying. 

 

The first and second parts of this thesis provide basic information about SIM 

systems and eco-friendly types of water disposal systems. The last chapters 

include systems designs and payback period calculations where the costs of 

energy source, equipment and installation for SIM systems compared with 

mechanical ad mechanized snow and ice removal. The feasibility of greenspace 

expansion will also be discussed in the last chapters.     
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2 AIMS  

The main aim of this thesis is to explore which type of SIM system is the most 

advantageous in Russia in term of the payback period. To reach this goal it is 

necessary to get familiar with different types, components and operating 

principles of melting systems. The costs of systems equipment, fuel, installation 

works and maintenance must also be taken into account in payback period 

calculation. 

 

As the melt water must be removed from the adjacent area, another aim arises.  

This paper investigates one of the Stormwater Management Practices (SMPs) 

system, specifically the bioswale disposal system. The aim is to figure out 

whether to use this system or not. To reach this aim it is also important to 

understand what the bioswale is and find out how it operates. 

 

3 METHODS 

Firstly, this thesis compares hydraulic, electric SIM systems and mechanical 

snow and ice removal in Saint-Petersburg, Russia. These systems will be 

compared using the warehouse building and its adjacent areas as an example. 

Secondly, the total energy demand for SIM system will be calculated according to 

weather data. Thirdly, all necessary equipment for snow melting system 

functioning will be selected. Finally, payback period calculations will be made in 

term of fuel, equipment, mounting works costs and shift wages in Russia.  

 

Literature review method is about the bioswale disposal system. This literature is 

mostly related to scientific research and official guidance manual. The required 

volume of the bioswale’s storage for adjacent area of warehouse will be also 

calculated. Relying on materials the advantages and disadvantages of the 

bioswale system will be discussed.  
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4 THEORETICAL BACKGROUND 

4.1 Basic thermodynamics 
 

According to Evelyn Guha’s book “Basic Thermodynamics” /1/ heat is one of the 

main concepts in thermodynamics. In the middle of the nineteenth century, it was 

found out that the transfer of something occurs between objects with different 

temperatures. This thing which transfers from hot body to cold one was called 

heat. This concept became the bench mark in thermodynamic development. 

Thereby, the conception of heat capacity and specific heat capacity became 

clear. As a flow of Q units is the reason for temperature change by ΔT, the mean 

heat capacity С could be estimated through Equation 1.  

 

С =
𝑄

𝛥𝑇
 (1) 

 

With the Q and ΔT value decreasing the value of heat capacity C’ could be 

obtained through Equation 2. 

 

𝐶 = lim
∆ →

𝛿𝑄

∆𝑇
 (2) 

 

When it comes to snow melting systems, it is important to mention the concept of 

specific heat. It is one of the major indicators since it allows to characterize the 

material. If the material or system mass is M units the specific heat calculates 

through Equation 3. 

 

𝑐 =
𝐶

𝑀
=

𝛿𝑞

𝑑𝑇
 (3) 

 

However, heat is not the only one type of interaction between system and its 

surroundings. In thermodynamics also takes place work interaction. A typical 

example of work interaction is piston operation principle. The heated gas pushes 

the piston which means that it does work. One of the basic thermodynamics laws 

follows from this interaction. /1./ “The change in a system’s internal energy is 
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equal to the difference between heat added to the system from its surroundings 

and work done by the system on its surroundings /2.”  

 

4.2 Snow and ice removal with SIM systems 

Snow and ice interfere with the convenient living and working of people in the 

city. Snow impede the passage of people and vehicles, may cause extra loads on 

the roofs. Ice at all could lead to accidents. According to the European 

Commission /3/ for pedestrians it a major health issue as an increase of 25% 

increase in hospitalization and 33% rise in cases of hip fractures is observed 

during the winter season. Another investigation was conducted in Great Britain 

from April 1993 to March 1995. By Bentley and Haslam (1998) 1734 fall cases of 

the Royal Mail system workers were counted. Around 60 % of the falls were due 

to snow and ice. /4 p. 7./  

 

Therefore, it is necessary to design systems that can melt snow and prevent ice 

formation. It is self-evident that it is impossible to spread SIM systems all over. 

However, they are worth installing in the cases when it can sufficiently simplify 

movements and make people more comfortable. For example, SIM systems 

could be installed on the roofs, parking zones, ramp valleys, pavements or steps. 

 

Since SIM systems are considered convenient and safe, they are widely used. 

This happens because of automation systems applying. Because of them, SIM 

system operates then it is needed preventing ice formation. Under such 

conditions, the reducing of system payback period occurs and SIM system 

becomes economically viable. Moreover, these systems are maintenance free. It 

is enough to start the operation in winter and turn off the system in spring. 

 

Despite the undeniable advantages of SIM systems, in some cases, it is 

neglected due to economic reasons. That’s why chemicals are still widely used to 

remove snow and ice. The deicing chemicals such as NaCl or CaCl2 are very 

effective in ice and snow removal. Moreover, the price of these reagents is low. 

However, this system causes such negative effects as pavement abrasion and 

environmental pollution. /5 p. 2./ Another way to remove snow and ice is to use 
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labour and machines. On one hand, this type doesn’t affect the environment as 

chemicals. On the other hand, ice axe and excavator-loader can damage the 

road surface. This fact will shorten the life of the road and increase maintenance 

costs. 

 

4.3 Review of hydraulic and electric SIM systems 

4.3.1 Hydraulic SIM system 

In hydraulic SIM systems water, brine or glycol-water are the heat transfer 

agents. Heat sources such as gas or oil provide the required heat to these fluids. 

By the circulating of transfer agents through pipes, which are embedded in 

concrete, snow and ice melting occurs. /6./ 

 

There are three stages of hydraulic ice and snow melting process. They are 

idling, snow-melting and after-melting processes. During the first one, the fluid is 

heated to the required temperature. It is important to note that fluid temperature 

must be above 0 constantly. Process B to C shows the snow melting process. 

During this process, energy is spent on snow heating to 0 °C and snow 

conversion to the water. The temperature after the snow melting process must be 

above 0.33 °C. Otherwise, the melted snow will be re-frozen. Curve C to D 

represents the evaporation process. This process could be ignored in surface 

heat output calculations with the disposal system existing. The presence of this 

system will save energy since there is no need to spent heat on evaporation of 

water. /6./   
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Figure 1. Description of a typical hydronic snow melting process /6 p. 5509/ 
 

The main parts of the hydraulic SIM system are heat source, heat exchanging 

elements, pump, expansion vessel, sensors for humidity, wind speed and 

temperature measuring and control system. All these parts provide circulation of 

fluid trough PEX (Cross-linked polyethylene) metal or rubber pipes and proper 

operation of hydraulic SIM system. /6 p. 5508./  

 

 
Figure 2. A schematic diagram of a pavement hydronic snow melting system /6 p. 5508/ 
 

To achieve maximum efficiency, it is also necessary to install the system 

correctly. If PEX pipes are used in the SIM system, they can be damaged during 

the asphalt installation. 120 °C temperature, which is used to get adequate 

compaction of the asphalt, violates the structure of PEX pipes. So, it is necessary 

to circulate cold water during this process. Moreover, the process of compaction 
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also may be harmful. To prevent this problem sleeves applied for covering pipes 

under the asphalt joints. /7 p.13./  

 

Another necessity is to use glycol-water mixture as the fluid in hydraulic SIM 

systems. Since glycols have low cost and viscosity, they are widely used in snow 

melting systems /8 p. 49.10/. It is usually used 40 % of glycol in such mixtures /9 

p. 2/. 

 

Pipes must be air-tested before the slab installation. The pressure during pipe 

testing should be 1.5 times greater than the operating pressure. The greatest 

pressure must be applied. This process should last around 30 minutes to make 

sure that all leaks have been checked. It is necessary to test system without 

water, since leaks may not be observed. Overwise, water will freeze and damage 

the pavement or concrete during the installation process. /7 p. 23./ 

 

The design of SIM systems comes down to find the main parameters. They are 

pipe depth, pipe spacing, inlet temperature and flow velocity./10./ Normally, pipe 

spacing ranges between 150 mm to 300 mm with a diameter of 18 mm and 25 

mm. A higher depth of burial of pipes, of course, leads to lower temperatures on 

the surface and vice versa. So, a minimum installation depth of 50 mm must be 

observed./8./ The temperature range from 25 °C to 50 °C is used in hydraulic SIM 

systems /11/. Fluid flow velocity could be as laminar as turbulent. Floor 

temperature differences in different types of liquid flows are insignificant. /12 p. 

2551./ It means that pipe dimensioning must be based on the optimal value of 

fluid flow and pressure losses since it effects on pump energy consumption. The 

correct definition of the main parameters of the system will eliminate striping of 

snow and increase the efficiency of SIM system. 

 

4.3.2 Electric SIM system 

In electric SIM systems, hot wires or electric mats are used to provide required 

heat for melting. These elements transform electricity into radiant heat. This 

process occurs because of the electrical resistivity with a high positive 
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temperature coefficient (PTC) which transforms electric energy into thermal 

energy. /5 p. 3./ 

 

This type of system consists of an electrical power supply, humidity, temperature 

wind speed sensors and a control-monitoring system /13 p.756/. Pavement 

heated with electricity has such in-pavement elements as resistive cables, heat-

mats or conductive material. Each element has it’s own design consideration ./7 

p. 9./ 

 
Figure 3. Typical heating cable installation in slab /7 p. 21/ 
 

Electric SIM systems with resistive cables must be selected according to type, 

depth and spacing of the wire. The wires types vary according to a power output 

per unit length, conductor resistance and type of insulation. /7 p. 9./ Due to heat 

insulation of the cables significant snow and ice melting effect could be obtained. 

Layers, which are shown in Figure 4, make wire not only insulated but also 
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waterproof and corrosion resistant. /5 p.3./ The choice must be turned to the wire 

type that can provide the necessary heat output per square meter. 

 

 
Figure 4. Heating cable composition /5 p.3/ 
  

Normally, the wire depth varies from 50 mm to 80 mm below the finished surface 

with spacing 80 mm to 250 mm. It depends on cable characteristics and surface 

type. For example, the transmission coefficient of concrete is higher than asphalt. 

It means that a concrete surface requires wider wire spacing than asphalt. /7 p. 

9./ 

 

The same design consideration as in the SIM system with resistive cables applies 

to the electric SIM system with heat-mats. The main difference from the resistive 

wire is that in pre-fabricated heat-mats wires attached to plastic or fiber mesh. 

The area of one mat usually does not exceed 5.5 square meters. The depth of 

the mats should be from 50 mm to 100 mm with spacing 300 mm from pavement 

edge. /7 p. 9./ 

 

To make the system more efficient, conductive materials are incorporated into the 

surface structure. These materials are graphite, black carbon and aluminium 

chips /13 p. 756/. One of the people who suggested increasing conductivity in this 

way was Minsk (1971). During his experiments, 18.3% of graphite particles were 

incorporated into the asphalt.  (all percentages by total weight of mix). As a result, 

this material produced a resistivity of 1 to 5 Ω per around 25 mm. According to 

Minsk’s suggestions, this conductive layer with graphite should not be more than 

50 mm. However, as the graphite is expensive, it’s implementation will make the 
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system less cost efficient. /4 p. 17-18./ Nevertheless, it was determined that the 

addition of only one conductive material would increase the cost of surface and 

reduce the effectivity of SIM systems. And vice versa the use of mixtures of 

conductive materials could improve the electrical conductivity and decrease the 

cost of the surface. /13 p. 767./  

 

4.4 Water disposal with the use of SMPs 

Water in the cities is the cause of destruction. It percolates through the cracks 

and destroys materials. It is the reason for pits, washed out roads and other 

issues which destroy the infrastructure of the city. That’s why it is important to 

design water disposal systems properly to pass the water off. One of the effective 

and eco-friendly types of water disposal system are SMPs. 

 

“Urban SMPs are known by diverse names around the world: they are often 

known as stormwater Best Management Practices (BMPs) and Low Impact 

Development (LID) in the US, Sustainable Urban Drainage System (SUDS) in the 

UK, Alternative Techniques (AT) in France, Water Sensitive Urban Design 

(WSUD) in Australia, and Green Infrastructure (GI) in many other countries /14.” 

However, all these different names mean the same thing. The SMPs are the 

whole complex of systems ”that have the potential to reduce peak runoff flow and 

improve water quality in a natural and aesthetically pleasing manner./15”. In 

these systems, stormwater is removed in three ways. The part of water infiltrates 

into the ground, another portion evaporates into the air and remaining water 

releases into the disposal system. /16 p. 7./ This operating principle allows to 

decrease the load on the disposal system and to remove water without significant 

investments. 

 

4.5 Review of SMPs 

4.5.1 Location of SMPs 

According to Philadelphian Stormwater Retrofit Guidance Manual /16/ to achieve 

the maximum effectivity of SMPs it is important to choose the place correctly. The 
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main aim of the designer is to construct SMPs in the location where they wouldn’t 

adversely affect adjacent areas. Another significant factor affecting the location of 

the system is the arrangement of existing utilities. The placement of SMP may 

interfere with access to a utility. Future repair or maintenance could cause the 

decrease of effectivity of SMPs. That’s why SMPs couldn’t be placed above the 

utilities. The same restriction applies to the location of the systems near houses. 

Sufficient distance from buildings should be maintained. This prevents building 

flooding and damage during the infiltration in SMPs. The groundwater table data 

must be also collected to prevent the construction of the SMP in places where 

this indicator is high. Otherwise, the infiltration rate would be lower which reduces 

the effectiveness of the system. However, there are a lot of places there this kind 

of systems may be installed. For example, the appropriate place for SMPs is the 

area above the drainage path. If there are no such opportunity diversion 

structures and conveyance piping may need to be installed. Roofs and turf grass 

areas can be also appropriate places for SMPs. 

 

 
Figure 5. Site Opportunities /16 p. 21/ 
 

4.5.2 Components of the SMPs 

Each SMP has a different structure and components. However, they all have 

similar parts where the same operations existing.  
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Each SMP has the following parts: 

 Inflow and Pretreatment System: An inflow system distributes water to the 

SMP. Stormwater by means of piping, ground slopes, inlets or open 

channels flows to this system. The pretreatment system serves to prevent 

unwanted debris, fuel and others pollutant entering the storage. Otherwise, 

the system operation could be disrupted. 

 Storage: For all SMPs, the stormwater must be stored before the 

infiltration or water discharging into the city disposal system or to a surface 

water body. The main components of storage areas are soil, sand, stones, 

geotextile and underdrains. 

 Diversion structures: The main purpose of the diversion structure is to 

regulate the stormwater volume in the storage of SMP. To prevent 

overflooding of SMPs these structures divert large storm events around 

storage. 

 Outlet Control Structures: A control structure regulates the flow of water 

out of the storage area.  

 Outflow System: This system also prevents overflooding of the storage 

area and discharges water into the disposal system. This occurs by means 

of piping or open channels. 

 

 
Figure 6. Common Elements of an SMP /16 p. 36/ 
 

4.5.3 Types of SMPs 

There are nine main types of SMPs. This amount is explained by the rainwater 

removal system necessity to adapt to various places in the urban environment. 
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As the detailed review of all SMP system types is beyond the scope of this thesis 

only the main features of these systems will be presented. These types are:  

1) Bioretention: Represents shallow deeping with plants and trees. Common 

components of this system are sandy loam, mulch, vegetation, storage stone 

separated with  non-woven geotextile from the soil and in some cases pipe. 

Bioretention is virtually maintenance free. As each SMP except porous 

pavement, it requires 4 times per year inspection to identify problems with 

vegetation or other parts of the system. 

2) Porous Pavement: Porous pavement is an ideal solution for cities because it 

doesn’t require water conveyance and capable of removing water immediately. 

Stormwater seeps through permeable asphalt, concrete or paver to the 

storage media which is made for structural support and water storage. 

Recommended two times per year inspection must be carried out. 

3) Subsurface Infiltration: It means a stone-filled channel. This infiltration area 

locates below the finishing surface like pavement or asphalt. It is 

recommended to place it near the source of runoff in order not to construct 

conveyance piping. 

4) Planter Boxes: This system reduces peak runoff flow and retains water in its 

storage stone. Only in cases of over flooding water by means of positive 

overflow and piping drains to the disposal system. Normally these boxes 

constructed along buildings, driveways or other impermeable surfaces. 

5) Tree Trenches: Represents common urban beautification with the use of trees. 

However, the implementation of only one type of SMP system as tree trenches 

wouldn’t be effective since this system rather retains water than infiltrates. 

6) Green Roofs: This system during the rain operates as lawn providing 

stormwater volume reduction and filtration on the roof. Green roofs are one of 

the best solutions for dense urban development. The principle of this system 

operating is to hold water until it evaporates. Excess water by means of 

downspouts drains to the disposal system. The main vegetation of these roofs 

should be sedum. However, other plant species could be implemented in 

addition to sedum plants. 
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7) Cisterns-Capture And Reuse: Represents tanks for stormwater detention. The 

main difference of this system from the other lies in the fact that the 

stormwater is used. It is widely applied for irrigation and cleaning needs. 

8) Dry Extended Detention Basin: Storage and quality improvement of 

stormwater takes place in detention basins. They require much space and 

usually constructed in places with large development. However, subsurface 

detention basins also exist to use city space economically. 

9) Swales/Bioswales: As the implementation of the bioswale disposal system is 

the most suitable for warehouse adjacent area with embedded SIM systems, it 

will be detailed reviewed further.  

 

4.6 Bioswales 

Bioswales or swales represent an open channel with vegetations. A swale serves 

as a transportation and storage of water where infiltration and treatment occurs.  

 

There are a lot of areas in the city where swales could be installed. For example, 

this type of SMP usually constructed near parking zones, residential and 

industrial buildings or along highways. In any case, the presence of these green 

areas increases the attractiveness of the adjacent areas. Moreover, as all SMPs, 

bioswales require fewer investments to construct and maintain than traditional 

disposal system. It is recommended to locate swales in the places with natural 

slope existing. Otherwise, it would be necessary to create a slope that will 

inevitably increase the cost. In any case, the slope must be 2-3%. 

 

The typical bioswale consists of such components as: 

 Inlet Control  

 Pretreatment (Optional) 

 Excavated Channel 

 Soil& Vegetation 

 Check Dams 

 Stone (Optional) 

 Underdrain (Limited Application)  
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 Outlet Control 

 

 
Figure 7. Components of a Bioswale /16 p. 67/ 
 

Bioswale’s inlet part doesn’t require complex structures. It is enough to create a 

slope to the SMP which will allow water to head towards the pretreatment part 

and channel. The pretreatment system may be installed in cases with a high 

stormwater load. This solution will make system more durable. Inlet filter inserts 

or forebays are typical forms of this system delivering purified water to the 

excavated channel. In this part water storage and infiltration occurs. /16./ The 

channel volume must be designed considering the volume of filter depth which 

varies from 600 mm to 1200 mm /17 p. 10-47/. During bioswale design, it is also 

important to choose soil with infiltration rate between 13 and 254 mm/hour. The 

soil, which is consists of sand (50-85%), silt (40% maximum), clay (10% 

maximum) and gravel (15% maximum), must be at least 150 mm thick. It is 

necessary to comply not only with the required soil composition but also with the 

required plant species. There is a wide variety of plants that are suitable for 

SMPs. /16./ As in practice drought or overflooding rapidly occurs in bioswales, 

plant species must adapt quickly to changing conditions. According to research 

such plants as Deschampsia flexuosa or Filipendula purpurea are applicable for 

these conditions and increases bioswales efficiency. /18./ To enhance functions 

of swales construction of check dams along its length also applies. Check dam, 
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which is made from wood, stone, concrete or other material, retains water in a 

certain part of the bioswale until overflow occurs. Its hight must be from 150 mm 

to 300 mm. 

 

Other parts of the system such as stone, underdrain and outlet control installation 

optional. However, they can improve system performance. Storage stone 

improves infiltration and increases storage. By placing a stone under the ponding 

location, system efficiency increases. If necessary, underdrain and outlet control 

parts could be used to convey water to another SMP. /16./ 

 

5 METHOD 

5.1 Data obtaining for SIM system design 

The adjacent area of warehouse building will be taken as the object of different 

SIM systems and mechanical snow and ice removal comparison. The area which 

is required to be cleaned is 160 m2. It was decided to locate the building in Saint-

Petersburg, Russia. 

 

 

Figure 8. Considered system layout /19 p. 6-7/ 
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All necessary data for SIM system required heat output calculations is tabulated. 

 

Table 1. Data for SIM system required heat output calculations 

Weather parameter Value Unit 

The density of freshly-fallen snow /20/ 50 kg/m3 

Snow specific heat capacity  2.1 kJ/kg·°C 

Air temperature at the coldest five 
days of the period November- March 

/21 p. 13/. 
-28 °C 

The maximum wind velocity in Saint-
Petersburg during January /21 p. 13/. 

3.3 m/s  

Enthalpy of fusion for water 333.8 kJ/kg 

The number of days during the period 
November-March with the 

precipitations in the form of snow /22/. 
28 days 

The average duration of snowfalls 4 hours 

The freshly-fallen snow layer 100 mm 

 

5.2 Calculations of SIM system heat output 

The required pavement heat output can be defined through Equation 4 /23 p. 

51.1/. 

 

 q = q + q + A ∙ (q + q ) (4) 

 

where q0 required heat output [kJ/ m2] 

qs sensible heat transferred to the snow [kJ/ m2] 

qm heat of fusion [kJ/ m2] 

Ar ratio of snow-free area to total area                       [-] 

qe heat of evaporation [kJ/ m2] 

qh heat transfer by convection [kJ/ m2] 

 

The required sensible heat to bring the snow to 0°C can be defined through 

Equation 5 /24 p.1121/. 
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 q = m ∙ c _ ∙ (t _ − t ) (5) 

 

where msnow mass per unit area [kg/m2] 

cp_snow specific heat of snow [kJ/kg·°C] 

tsnow_top temperature of water melting [°C] 

tair temperature of ambient air [°C ] 

 

It is assumed that the freshly-fallen snow layer is 100 mm. The density of this 

snow is 50 kg/m3. The snow mass per one square meter can be estimated by 

Equation 6. 

 

 

 

Where hsnow snow height [m] 

ρsnow snow density [kg/m3] 

 

m = 0.1 m ∙ 50
kg

m
= 5

kg

𝑚
 

 

According to SNIP 23-01-99* air temperature at the coldest five days of the 

period November- March in Saint-Petersburg is -28 °C /21 p. 13/. Snow specific 

heat capacity is 2.1 kJ/kg·°C. By Equation 5, 

 

q = 5
kg

𝑚
∙ 2.1

kJ

kg
∙ °C · 0 − (−28) °C = 294

kJ

m
 

 

Enthalpy of fusion for water equals to 333.8 kJ/kg. Heat of fusion can be 

estimated through Equation 7 /23 p. 51.3/. 

 

q = h ∙ m  (7) 

  

𝑚 = ℎ ∙ 𝜌  (6) 
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Where hf enthalpy of fusion for water [kJ/kg] 

msnow mass per unit area [kg] 

 

q = 333.8 
kJ

kg
· 5 kg = 1669

kJ

m
 

 

Since it is assumed that the system should constantly melt snow without snow 

accumulation, the ratio of snow-free area to total area is equal to 1 /23 p. 51.1/. 

With the disposal system existing it does not necessary to spent heat on water 

evaporating. It means that qe equals to 0 kJ/m2. The value of heat transfer by 

convection can be defined through Equation 8. As this equation applies to the 

English system of measures, the final value will be converted to the metric 

system. According to SNIP  23-01-99* the maximum wind velocity in Saint-

Petersburg during January is 3.3 m/s (6.7 mph) /21 p. 13/. 

 

q = 11.4 ∙ (0.0201 · 𝑉 + 0.055) ∙ (𝑡 − 𝑡 ) (8) 

 

where  qh heat transfer by convection [kJ/s·m2] 

 Vwind wind velocity [m/s] 

trec water film temperature [°C] 

tair temperature of ambient air [°C] 

 

q = 11.4 ∙ (0.0201 · 6.7 + 0.055) ∙ (33 − (−18,4)) = 111.14
𝐵𝑡𝑢

ℎ · 𝑓𝑡
= 0.35

𝑘𝐽

𝑠 ∙ 𝑚
 

 

According to the GISMETEO website /22/, the number of days during the period 

November-March with the precipitations in the form of snow is 28. It is assumed 

that the average duration of snowfall is 4 hours. Therefore, 28 days · 4 hours · 

3600 sec = 403200 seconds. By Equation 4,  

 

q =
294

𝑘𝐽
𝑚

+ 1669
𝑘𝐽
𝑚

403200
+ 1 ∙ 0.35

𝑘𝐽

𝑠 · 𝑚  
= 0.355

𝑘𝐽

𝑠 · 𝑚
= 355

𝑊

𝑚  
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5.3 Hydraulic SIM system design and costs calculations 

The scheme of the hydraulic SIM system shown in Figure 9. Boiler, pump, safety 

valve, expansion vessel and manifold will be designed to obtain payback period.  

 
Figure 9. Scheme of the hydrulic SIM system 
 

5.3.1 Pressure loss calculations and pipe dimensioning 

The required fluid flow could be estimated through Equation 9 /25 p.3/. 

 

φ = ρ ∙ 𝑐 · 𝑞 ∙ (𝑡 − 𝑡 ) (9) 

 

where  𝜑 heat capacity [kW] 

 ρ fluid density [kg/l] 
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cp fluid specific heat [kJ/kg·°C] 

tsupply supply fluid temperature [°C] 

treturn return fluid temperature [°C] 

 

The required fluid characteristics are summarized in Table 2. 

 

Table 2. Fluid parameters 

Fluid parameters Value Unit 

Temperature range 45/35 °C 

Percent of 
propylenglycol 

40 % 

Density of water-glycol 
mixture /26/. 

1.026 kg/l 

Specific heat of water-
glycol mixture /26/. 

3.79 kJ/kg·°C 

 

The required flow could be derived from Equation 9 /25 p. 3/. 

 

𝑞 =
𝜑

𝑐 · ρ · (𝑡 − 𝑡 )
=

0.355
𝑘𝑊
𝑚

· 160 𝑚

1.026
𝑘𝑔
𝑙

· 3.79
kJ
kg

· °C · 10 °C  
= 1.46

𝑙

𝑠
 

 

In this thesis, pipes of manufacturer “Uponor” accepted with 250 mm spacing and 

160 m length. It means that the area which covers one loop is 160 m · 0,25 m = 

40 m2. Therefore, 160 m2/ 40 m2 = 4 similar loops requires with 1.46 l/s / 4 loops 

= 0.365 l/s flow per loop. With the use of “Uponor” nomogram /27 p.10/, it was 

decided to choose PEX pipe 25 x 2.3 with 0.7 kPa/m pressure loss which means 

0.7 kPa/m · 160 m = 112 kPa per loop. To simplify the calculations, the local pipe 

resistance is equal to 0 kPa. 

 

In this design there is one manifold with 5 m distance from the boiler room. 

According to “Uponor” nomogram /27 p.11/, PEX pipe 50 x 4.6 with 0.38 kPa/m 

pressure loss was chosen with fluid velocity 1.25 m/s. It means 0.38 kPa/m · 5 m 

= 1.9 kPa per collection pipe. 
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5.3.2 Equipment selection 

 Heat exchanger 

It is supposed that there are two heating boilers in the building of the warehouse. 

The first one is for space heating and the second one for hydraulic SIM system.  

Therefore, it was decided to neglect the heat exchanger installation for hydraulic 

SIM system.  

 

 Heating boiler 

The required heat output of the hydraulic SIM system equals to 0.355 kW/m2 · 

160 m2 = 56.8 kW. To provide this energy, the hot water heating boiler “Vitodens 

200-W, B2HA 80, 285” by manufacturer “VIESSMANN” was chosen. The 

declared heat capacity of this heating boiler varies between 19 kW and 76 kW. 

As the fluid flow is 1.46 l/s (5256 l/h) the total pressure drop is 36 kPa (3.7 m). /28 

p. 4-10./ 

 

 Safaty valve and expension vessel 

The expension vessel volume could be estimated through Equation 10 /29 p. 8/. 

 

𝑉 =
∆𝑉

𝜂
 

 

(10) 

 

where  Vex expension vessel volume [l] 

 ΔV volume change [l] 

η active expansion volume factor [-] 

 

The active expansion volume factor could be defined through Equation 11 /29 p. 

8/. 

 

η =
𝑝 − 𝑝

𝑝
 

 

(11) 

 

where  p2 opening pressure of the safety valve [kPa] 
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 p1 static pressure [kPa] 

 

It was decided to choose the “Flamco” manufacturer’s expansion vessel 

“Cubexpak A & B” for small systems with maximum operating pressure 300 kPa 

/30 p. 9/. To prevent overpressure and expansion vessel breakage, the safety 

valve “Giacomini R140R” was chosen with operating pressure 300 kPa /31/. 

Static pressure is 100 kPa. The pre-pressure of the expansion vessel is 50 kPa 

higher than static pressure. /29 p. 9/. By Equation 11,  

 

η =
(300 + 100) 𝑘𝑃𝑎 − (50 + 100)𝑘𝑃𝑎

(300 + 100)𝑘𝑃𝑎
= 0.625  

 

The value of volume change could be estimated through Equation 12 /29 p. 10/. 

 

∆V = n ∙
𝑉

100
 

 

(12) 

 

where  n active expansion factor [-] 

 Va network volume [l] 

 

The total length of the heating PEX pipes with inner diameter 20.4 mm is (160 m · 

4 loops) = 640 m. The length of collection PEX pipes with inner diameter 40.8 

mm is 5 m. /27 p. 10-11/. Therefore, the volume of the heating network equals to 

(640 m · (3.14 · 0.02042 / 4)) + (5 m · (3.14 · 0.04082 / 4)) = 0.215 m3 = 215 l. The 

expansion coefficient of water with 40 % propylenglycol with mean temperature of 

40 °C equals to 2.07 /32/. By Equation 12, 

 

∆V = 2.07 ∙
215 𝑙

100
= 4.45 𝑙 

 

With the reserve 25 % the expansion volume is 4.45 l · 1.25 = 5.56 l. By Equation 

10, 

 

𝑉 =
5.56 𝑙

0.625
= 8.9 𝑙 
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It means that 8.9 litres need for expansion. 

 

 Manifold pre-setting 

To provide proper system operating it is necessary to balance this system. As the 

pressure drop on each loop is the same, the pre-setting value will be the same 

too. According to Uponor nomogram /19 p.22/, with the flow 1.46 l/s / 4 loops = 

0.365 l/s per one loop and water density 990.22 at the temperature 45 °C , the 

pre-setting value equals 11 with pressure drop 30 kPa.  

 

 Pump 

With previous calculations of pressure losses and required flow, it is possible to 

select an appropriate circulating pump. The total pressure losses for pump 

selecting is 112 kPa + 1.9 kPa + 30 kPa + 36 kPa = 179.9 kPa and required fluid 

flow is 1.46 l/s. The ”Grundfos” manufacturer was chosen in this design. With the 

use of ”Grundfos product center” the pump ”CM 5-3 A-R-A-E-AVBE F-A-A-N” 

was chosen /33/. 

 

5.3.3 Hydraulic SIM system cost estimation 

 Gas consumption 

The gas price in Saint-Petersburg is 6367.75 rub per 1000 m3 /34/. The calorific 

capacity of 1 m3 of gas is 8.8 kW/m3 /35 p. 3/. As the estimated time of snowfall 

per year is 28 days · 4 hours = 112 hours and required heat output is 56.8 kW, 

the system will consume 56.8 kW · 112 hour = 6361.6 kW annually. Therefore, 

natural gas demand per season is 6361.6 kW / 8.8 kW/m3= 723 m3. It means that 

the price for natural gas per year will be (723 m3 · 6367.75 rub) / 1000 m3 = 4604 

rub. 

 

 Pump energy consumption 

According to “Grundfos” manufacturer /33/ the pump ”CM 5-3 A-R-A-E-AVBE F-

A-A-N” energy consumption is 0.504 kW. As the period of precipitations in the 

form of snow is 28 days and avarege duration of snowfalls is 4 hour, hydraulic 
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SIM system must be turned on 28 days · 4 hours = 112 hours. It means that 

annual pump energy consumption is 0.504 kW · 112 hours = 56.45 kW·h. The 

price for the October 2019 in Saint-Petersburg for 1 MW·h is 5650.3 rub /36/. 

Therefore, the price for a year for electricity is 0.05645 MW·h · 5650.3 rub/MW·h 

= 319 rub. 

 Equipment priсes  

 

Table 3. Prices for the equipment 

Equipment Amount required Priсe for unit Total priсe  

PEX pipe 25 x 2.3 640 m 
199.67 rub per m 

/37 p. 52/ 
127788.0 rub 

PEX pipe 50 x 4.6 5 m 
16 rub per m /37 

p. 5/ 
80.0 rub 

Hot water heating 

boiler “Vitodens 

200-W, B2HA 80, 

285 

1 unit 

4420 euro per 

unit* /38 p. 7.3-

35/ 

311698.4 rub* 

Safety valve 

Giacomini R140R 
1 unit 

451 rub per unit 

/39/ 
451.0 rub 

Flamco expansion 

vessel Cubexpak 

A & B 

1 unit 
63.67 £ per unit** 

/40/ 
5240.0 rub** 

Manifold Uponor 

Vario plus 
1 unit 

2063.10 rub per 

unit /37 p. 55/ 
2063.1 rub 

Manifold actuator 4 units 
2297.70 rub per 

unit /37 p. 60/ 
9190.8 rub 

Controller for 

automation 

system 

1 unit 
6387.10 rub per 

unit /37 p. 60/ 
6387.1 rub 

Sensor 1 unit 
1436.35 rub per 

unit /37 p. 60/ 
1436.3 rub 



30 

Pump Grundfos 

CM 5-3 A-R-A-E-

AVBE F-A-A-N 

1 unit 
60613.00 rub per 

unit /41/ 
60613.0 rub 

Total  524948 rub 

*Euro exchange rate against ruble is 70.52 rub at the time November 21 /42/ 

** GBP exchange rate against ruble is 82.30 rub at the time November 21 /42/ 

 

 Additional components prices 

In this design it was decided to use construction type which is shown in Figure 

10. 

 

 
Figure 10. Slab on grade with edge insulation /43 p. 25/ 
 

Table 4. Additional components prices 

Component Amount required Price for unit Total price 

Wire mesh 160 m2 
558 rub per 3 m2 

/44/ 
30132 rub 

Wire tie 640 units 
12.78 per unit /37 

p. 52/ 
8179.2 rub 

Edge insulation 52 m 
70.97 rub per 20 

m /37 p. 48/ 
212.9 rub 
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Angel locks for 

pipes under 

manifold 

8 units 
123.77 rub per 

unit /37 p. 8/ 
990 rub 

Compression 

fitting 
8 units 

506 rub per unit 

/37 p. 17/ 
4048 rub 

Total  43562 rub 

 

 Mounting works prices 

All mounting works prices are presented in Federal Unit Rates standards. It is 

also necessary to multiply the final price by price increase predictive indices 

which are updated by the Ministry of Construction of Russia every quarter. For 

Federal Unit Rates standards for Saint-Petersburg, increase index is 5.53 for 

mounting works and 16.64 for equipment adjustment /45/.  

 

Table 5. Mounting work prices 

Type of work Required work scope Mounting prices Total price 

Wire mesh 

installation 

with asphalt 

covering 

160 m2 
642.43 rub per 100 

m3 /46 p. 6/ 
5684.2 rub 

Pipe 645 m 
414.41 rub per 100 

m /47 p. 14/ 
14781.4 rub 

Hot water 

heating boiler 
1 unit 

713.98 rub per unit 

/48 p. 4/ 
3948.3 rub 

Expansion 

vessel 
1 unit 

61.42 rub per unit 

/48 p. 5/ 
345.2 rub 

Pump 1 unit 
144.75 rub per unit 

/48 p. 6 / 
800.5 rub 

Control 

system 
4 channels 

93.23 rub per 

channel /49 p. 7/ 
1551.4 rub 

Equipment 

adjustment 
- 

4764 rub /50 p. 4-

12/ 
79272.0 rub 

Total  106383 rub 
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 Design works price 

The price for design work could be estimated through Equation 13 /51/. 

 

Спр(б) =
Сстр(б) · 𝛼

100
 

 

(13) 

 

where  Спр(б) design work price [rub] 

 Сстр(б) construction price [rub] 

αi normative design cost [%] 

 

According to previous calculations, total construction price consist of equipment, 

additional components and mounting work prices. Therefore, the construction 

price is 524948 rub + 43562 rub + 106383 rub = 674893 rub. The normative 

design cost is 8.24 % /50/. By Equation 13, 

 

Спр(б) =
674893 𝑟𝑢𝑏 · 8.24 %

100
= 55611 𝑟𝑢𝑏 

 

5.3.4 Hydraulic SIM system total price 

The average total price for hydraulic SIM system with operation duration 7 years 

presented in Table 6. It is necessary to count on the fact that prices increase due 

to inflation. The average inflation rate for 7 last years is 6.5 % /52/. 

 

Table 6.Hydraulic SIM system total price 

Price factor Price 

Gas consumption 32228 rub 

Electricity consumption 2233 rub 

Equipment 524948 rub 

Components 43562 rub 

Mounting work 113297 rub* 

Design work 59226 rub* 

Total 775494 rub 
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*Including inflation rate 

 

5.4 Electric SIM system design and costs calculations 

5.4.1 Wire type selection for electric SIM system 

It was decided to use the manufacturer’s “DEVI” components for electric SIM 

system. Accepted spacing between wires is 80 mm. Therefore, 160 m2 / 0.08 m = 

2000 m of wire requires. To select wire type correctly it is necessary to obtain the 

value of required heat output per meter length. It is equal (355 W/m2 · 160 m2) / 

2000 m = 28.4 W/m. Resistive heating wire DEVIsnow with maximum heat output 

30 W/m2 is accepted in this design /53 p. 9/.   

 

5.4.2 Electric SIM system cost estimation 

 Electrical energy consumption 

The price for the October 2019 in Saint-Petersburg for 1 MW·h is 5650.3 rub /36/. 

As the period of precipitations in the form of snow is 28 days /22/ and avarage 

duration of snowfalls is 4 hour, electric SIM system must be turned on 28 days · 4 

hours = 112 hours with heat output 56.8 kW. Therefore, the annual price for 

electricity is 112 hours · 5650.3 rub/MW·hour · 0.0568 MW = 35945 rub. 

 

 Wire DEVIsnow 

As it was mentioned above, the required wire length is 2000 m. The price for 190 

m of this wire is 42992 rub /54/. It means, that 2000 m / 190 m = 10.5 ≈ 11 kits 

required. The total price for wire is 11 kits · 42992 rub = 472912 rub.   

 

 Control system 

To provide proper snow and ice melting, control system DEVIreg 610 with 4 

sensors was chosen. The price of the controller is 7200 rub. /55./ It is also 

required 4 sensors with the price 1600 rub each /55/. The total price for control 

system is 7200 rub + 4 · 1600 rub = 13600 rub. 
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 Additional components prices 

Most commonly during wire installation, construction type which is shown in 

Figure 11 applies.  

 

 

Figure 11.Heating cable with asphalt surface /53 p. 12/ 
 

According to DEVI manufacturer /53 p. 12/, the minimum height of sand layer is 

2.5 cm. It is required to prevent wire breakage due to asphalt heat. Therefore, the 

required sand volume is 0.025 m · 160 m2 = 4 m3. Fixing elements must be 

installed with the spacing 50 cm /53 p. 14/. It means that it is necessary to install 

160 m2 / 0.5 m = 320 m of fixing elements. 

 

Table 7. Additional components prices 

Component Amount required Price for unit Total price 

Fixing 320 m 
540 rub per 5 m 

/57/ 
34560 rub 

Sand 4 m3 300 per 1 m3 /58/ 1200 rub 

Total  35760 rub 

 

 Mounting works 

Mounting work prices are calculated in the same way as in paragraph 5.3.3.5. 

Increase index for mounting works is 6.19 and 8.77 for equipment adjustment 

/45/.  
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Table 8. Mounting work prices 

Type of work Required work scope Mounting prices Total price 

Sand 

compacting 
4 m3 

59.71 rub per 1 m3 

/59 p. 2/ 
1478.4 rub 

Wire 

installation 

and fixing 

160 m2 
916.52 rub per 100 

m2 /60/ 
9077.3 rub 

Control 

system 

installation 

4 channels 
93.23 rub per 

channel /49 p. 7/ 
1551.4 rub 

Equipment 

adjustment 
- 

3559.3 /61 p. 18-

19/ 
31215.1 rub 

Total  43322 rub 

 

 Design works price 

Price for design works is calculated in the same way as in paragraph 5.3.3.5. 

According to previous calculations, construction price is 472912 rub + 13600 rub+ 

35760 rub + 43322 rub = 565594 rub. The normative design cost is 8.24 % /51/. 

By Equation 13, 

 

Спр(б) =
565594  𝑟𝑢𝑏 · 8.24 %

100
= 46605 𝑟𝑢𝑏 

 

5.4.3 Electric SIM system total price 

The average total price for electric SIM system with duration of operation 7 years 

presented in Table 9. 

 

Table 9.Hydraulic SIM system total price 

Price factor Price 

Electricity consumption 251615 rub 

Equipment 486512 rub 

Components 35760 rub 

Mounting work 46138 rub* 
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Design work 49634 rub* 

Total 869659 rub 

*Including inflation rate 

 

5.5 Mechanical and mechanized snow and ice removal cost estimation 

For mechanical snow and ice removal, it was decided to use excavator-loader 

JCB 4CX, truck Volvo FMX and production workers. The necessary information 

for cost estimation is given in Table 10. 

 

Table 10.Technique data 

 Excavator-loader JCB 
4CX 

Truck Volvo FMX 

Shovel/Loader capacity 1.3 m3 /62/ 26.1 m3 /64/ 

Lease cost 1625 rub/hour /63/ 1750 rub/hour /65/ 

 

Area clearance operations in winter are divided into two stages. The first stage is 

to remove snow. Normally, in this case, all type of technique required. The 

second stage is to remove ice. During ice removal, technique is practically not 

used. Mainly, manual labour applies. 

 

5.5.1 Snow removal 

It is assumed that 100 mm of snow must be removed from the area. It means that 

the amount of snow on the whole territory is 160 m2 x 0.1 m= 16 m3. As the 

maximum loader capacity of the excavator-loader is 1,3 m3 the number of shovels 

is 16 m3 / 1,3 m3= 12.3. As the shift is 7 hours the production worker should 

remove 12.3 / 7 h = 1.8 shovels per hour. According to the calculations, one 

excavator-loader requires. 

 

As the amount of cubic meters of snow (16 m3) less than truck loader capacity 

(20.2 m3) one Volvo FMX requires. 
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It is accepted that 1 hour is enough to remove snow. The price for snow removal 

is (1 h x 1 excavator x 1625 rub) + (1 h x 1 truck x 1750 rub)= 3375 rub. 

According to GIMETEO website, the number of days with the precipitations in the 

form of snow in Saint-Petersburg is 28 /22/. For snow removal for the whole 

season, the total price is 3375 rub x 28 days = 94500 rub.  

 

5.5.2 Ice removal 

It is accepted that one production worker can remove 50 m2 of snow per one 

hour. It means that 160 m2 / 50 m2 ≈ 3 production workers required. According to 

Regional Unit Prices /66 p. 118/ production worker’s salary for 1000 m2 of ice 

removal is 5162.04 rub. It is necessary to multiply the final price by price increase 

predictive indices which is 6.38 /45/. For 160 m2 area it is required (160 m2 · 

5162,04 rub) / 1000 m2 · 6.38= 5269 rub per whole work. For ice removal it is 

also needed 1 excavator-loader and 1 truck. The price for ice removal is (1 h x 

5269 rub) / 3 workers + (1 h x 1 excavator  x 1625 rub) + (1 h x 1 truck x 1750 

rub) = 5131 rub. For ice removal for the whole season the total price is 5131 rub x 

28 = 143668 rub. 

 

5.5.3 Total price for mechanical and mechanaized snow and ice removal 

The approximate total price for 7 years of mechanical and mechanized snow and 

ice removal presented in Table 11. 

 

Table 11.Total price for mechanical and mechanized snow and ice removal during 7 years  

Price factor Price 

Snow removal 661500 rub 

Ice removal 1005676 rub 

Total 1775542 rub* 

*Including inflation rate 
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5.6 Bioswales implementation examples 

It goes without saying, that before the installation of any system it is necessary to 

familiarize yourself with it. Implementation of the bioswale system requires the 

same approach. System advantageous and disadvantageous must also be 

considered before making a decision. 

 

Greenspace expansion and SMPs setting up proved its effectiveness of the 

example of Philadelphia. Philadelphia is the city where the risk of coastal and 

river flooding is high. To solve this problem and to decrease the cost of water 

disposal system expansion, it was decided by the Philadelphia Water Department 

(PWD) to create the program Green City, Clean Waters. This program obligates 

to design new buildings and infrastructure with the opportunity to utilize 

precipitations. To achieve this goal all over the city so called SMPs were 

installed. It allowed to expansion green spaces, decrease the amount of floods 

and increase money revenues to the city. For instance, this program allowed to 

replenish the budget of Philadelphia at the rate of $57 million annually /67 p.16/. 

 

Another example of efficient use of SMP system is swales and bioretention 

implementation in Auburn Hills Subdivision, Southwestern Wisconsin. To obtain 

percent of savings, comparison between the costs of the traditional disposal 

system and SMPs or Low Impact Development (LID) was made. The total 

savings accounted approximately 56% in the case of LID development. /68 p. 13-

14./  

 

 
Figure 12. Cost Comparison for Auburn Hills Subdivision /68 p.14/ 
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Relying on the information above it is possible to determine the most significant 

advantage of LID systems. SMPs existing impossible without common disposal 

system. However, planter boxes, swales or bioswales requires smaller drainage 

infrastructure. This is the main reason for high savings percent. Moreover, these 

systems are very easy to maintain compared to traditional ones. No less 

important advantage is a positive impact on the environment. Stormwater does 

not adversely affect water bodies. /69./ 

 

However, there are also disadvantages of LID systems. For instance, it is 

impossible to determine the life cycle of SMPs. It is also difficult to implement 

these systems due to limitations. /69./ 

 

Having regard to the above, it was decided to design bioswales in the warehouse 

adjacent area. 

 

5.7 Bioswale design 

As the example of the bioswale disposal system application, the same 

warehouse adjacent area applies. The catchment area is 160 m2 (1722 sf).  

 

 
Figure 13.Considered bioswale layout 
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Via the Philadelphian Stormwater Retrofit Guidance Manual, it is possible to 

design bioswale /16/. Through Equation 14 required bioswale volume could be 

obtained. As this equation applies in the Philadelphian Stormwater Retrofit 

Guidance Manual, the final value will be converted to the metric system.  

 

𝑊𝑄 = (
𝑃

12
) ∙ (𝐼𝐴) 

  

(14) 

 

where  WQh water quality volume [m3] 

 P inch of rainfall [mm] 

IA impervious area managed [m2] 

 

𝑊𝑄 =
1 𝑖𝑛𝑐ℎ

12
∙ (1722) = 143.5 𝑐𝑓 = 4 𝑚   

 

As the cross section of the bioswales is the trapeze, the main parameters as 

length, bottom and top width could be estimated through Equation 15. 

 

𝑊𝑄 = L ·
(𝐵 + 𝐵 )

2
∙ 𝐻 

 
 

(15) 

 

where  WQh water quality volume [m3] 

 L bioswale length [m] 

Btop width of the top part [m] 

Bbottom width of the bottom part [m] 

H bioswale height  [m] 

 

The recommended height of the bioswale varies between 600 mm to 1200 mm. 

As the catchment area is insignificant, it was decided to accept 600 mm height. 

The top and bottom parts width were taken 500 mm and 300 mm in compliance. 

/16./ 

 

L =
𝑊𝑄 · 2

(𝐵 + 𝐵 ) ∙ 𝐻
=

4 𝑚 ∙ 2

(0.5 + 0.3) · 0.6
= 17 𝑚 
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6 RESULTS 

6.1 Payback period estimation 

To figure out what kind of system is more profitable in Saint-Petersburg, it is 

necessary to obtain payback period. This information presented in Table 12. 

 

Table 12. The payback estimation 

 Hydraulic SIM 

system 

Electric SIM 

system 

Mechanical and 

Mechanized snow 

and ice removal 

Total price during 

7 years of 

operation 

775494 rub 869659 rub 1775542 rub 

Price difference 1000048 rub 905883 rub - 

Payback period ≈0.8 years ≈1 years  - 

 

In accordance with the data from Table 12, it is possible to conclude that the 

most expensive way of ice and snow removal is mechanical and mechanized. 

Therefore, the payback period estimation is based on price differences between 

mechanical and mechanized snow and ice removal and other SIM systems. 

Dividing price difference by total price it is possible to obtain payback period. 

 

There is also could be the opportunity to replace the existing electric SIM system 

with hydraulic. 

 

Table 13. SIM system cost comparison 

 Hydraulic SIM system Electric SIM system 

Total price during 7 

years of operation 
775494 rub 869659 rub 

Price difference 94165 rub 

Payback period ≈8.2 years 

 

In this case without system dismantling cost, the payback period is around 98 

months. 
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Due to relatively high cost of electricity in Saint-Petersburg, the total price of 

electric SIM system is higher than hydraulic. Moreover, from year to year, the 

price difference between electric and hydraulic SIM systems will rise.  

 

6.2 Bioswales implementention  

According to the literature review it possible to notice the tendency to the cost of 

the disposal system reduction almost in each case. SMPs development affords to 

save $57 million annually /67 p. 16/ in citywide. Relatively small-scale project in 

Auburn Hills Subdivision, Southwestern Wisconsin saved $761396 /68 p.14/. 

 

Soil ability to infiltrate water and evaporating processes afford to reduce load on 

disposal system. It means that pipe cross section and the whole disposal system 

require to be smaller, which entails cost reduction. Moreover, the cost of SMPs 

development is almost less than traditional disposal system expansion.   

 

7 DISCUSSION 

This study was designed mostly to figure out what type of SIM system is more 

profitable in Saint-Petersburg, Russia. To understand the feasibility of bioswale 

development was less important aim but still worth mentioning. 

 

Regarding the main aim, it was found out that the most advantageous type of 

SIM system in Russia is hydraulic. It is also obvious that in the regions with 

relatively low energy sources SIM systems will be preferable to mechanical and 

mechanized snow and ice removal. Moreover, it makes sense to replace existing 

electric SIM with hydraulic. Especially considering that the payback period of 8.2 

years will be reduced due to source energy cost differences. It is also worth 

understanding that without snow melting system installation it is necessary to 

remove snow and ice manually. In this case vehicles interferes with the passage 

of people and obstructs traffic. 

 

However, the payback periods which were submitted earlier could change. These 

changes may be related to not precise weather data, equipment and mounting 
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costs. The inability to determine the exact price for energy source must also be 

taken into account. Therefore, future research needed to clarify payback period. 

 

Data on the topic of bioswales implementation proved the effectiveness of this 

system. Moreover, it is also important to note that bioswales have a positive 

effect on the environment. 

 

In conclusion, joint implementation of bioswales and hydraulic SIM system will 

not only reduce the price of snow and ice removal but also reduce the price of the 

water disposal system. 
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