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About the IEA 
 

 

The International Energy Agency (IEA) acts as energy policy advisor to 26 Member 

countries in their effort to ensure reliable, affordable and clean energy for their citizens.  

 

Founded during the oil crisis of 1973-74, the IEA’s initial role was to co-ordinate measures 

in times of oil supply emergencies. As energy markets have changed, so has the IEA. Its 

mandate has broadened to incorporate the “Three E’s” of balanced energy policy making: 

energy security, economic development and environmental protection. Current work 

focuses on climate change policies, market reform, energy technology collaboration and 

outreach to the rest of the world, especially major producers and consumers of energy like 

China, India, Russia and the OPEC countries. 

 

The IEA conducts a broad programme of energy research, data compilation, publications 

and public dissemination of the latest energy policy analysis and recommendations on 

good practices. 

 
About the IETS 
 

 

The Industrial Energy-related Technologies and Systems (IETS) is one of IEA’s over 40 

technology collaboration programmes, called implementing Agreements. The IETS 

program focuses on energy use in a broad range of industry sectors, uniting IEA activities 

in this area.  

 

The program was established in 2005 as a result of a merger, revamping and extension of 

activities formerly carried out by separate industry-related programs. The new program is 

still under development, with several new activities starting up. 

 

The objective of IETS is to allow OECD Member countries and OECD non-Member 

countries to work together to foster international co-operation for accelerated research and 

technology development of industrial energy-related technologies and systems with main 

focus on end-use technologies. 

 

 

The IETS has 12 member countries: Brazil, Canada, Denmark, Finland, Norway, Korea, 

Mexico, Portugal, Sweden, USA, the Netherlands and Belgium. 

 

 

 

 

 

 

 

 

 

 

http://www.iea.org/Textbase/about/membercountries.asp
http://www.iea.org/Textbase/about/membercountries.asp
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1. Introduction 

 

Sludges and related wet products, both from municipal waste water treatment plants and 

from industry, represent a huge challenge in order for the processing to become 

sustainable. Here some important factors to be considered are listed: 

 

- The tendency for sludge handling goes in the direction of dewatering and drying, 

due to environmental regulations. Most other ways of handling or processing are 

becoming more problematic the later years; spread of infection, demand for new 

land area for landfills, pollution of ground water, pollution of the sea, spread of 

heavy metals etc. 

- Most sludges contain materials that can be used for a valuable purpose, like 

components in building materials, in road building etc, or if nothing else, they can 

be incinerated to generate heat and power. Most processes made to separate the 

valuable materials involve water removal/drying of the sludge. For the dry matter 

of sludge to become a valuable fuel, regarding the incineration efficiency, the 

emissions generated and transport, it should be as dry as possible. 

-  

Sludge drying is a well known process being used for decades in some areas and plants. 

Even if the environmental benefits of drying are well known, the amount of sludge being 

dried compared to other treatments, is still low. This is due to some important aspects of 

sludge drying; 

 

- Dewatered sludges contain 30-50% water. For normal modern dryers with a water 

removal efficiency of around 1.0 kg water/kWh, the energy need will be 300-500 

kWh/ton sludge. This is a substantial amount of energy; it represents an important 

expense and also an environmental impact from oil, gas, coal or electricity 

spending. 

- Most sludges are problematic in handling. Many become sticky during drying. 

They emit bad smell when being heated. They need a substantial heat treatment 

(temperature-time combination) to become safe regarding infection spread. 

Sterilization effects of SHSD (super heated steam drying) are given in /1/. Sludges 

contain sulphur and numerous other combustible elements and represent a fire and 

explosion risk when dried in air with oxygen present. 

- Heat recovery is costly for hot air sludge driers. Normally the exhaust air 

temperature is low from an efficient dryer. Most of the heat is recovered by 

condensation of water vapor. Compared to the amount of heat to be recovered, the 

equipment must be voluminous; it should be produced in corrosion proof materials 

due to condensation, and will become expensive. 

- Filtration of exhaust air from hot air sludge dryers is costly due to high volumes of 

air and the risk for condensation in the filter. 

As a result of the above mentioned aspects of sludge, drying becomes expensive both in 

operation of the dryers due to high energy need, and also in investment cost. The fire and 
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explosion hazards in sludge drying are handled in different ways in purpose built sludge 

dryers. Some manufacturers make very long dryers; they agglomerate the wet product at 

the inlet end of the dryer to avoid hazardous dust. The relatively large sludge particles 

demands a long residence time in the dryer that becomes long and costly. Other 

manufacturers rely on intense supervision of the process within the dryer and automatic 

extinguishing systems. The sludge will undergo several stages in material properties during 

water removal from 30/50% down to 8/15% and in intermediate stadiums most sludges are 

sticky and dough-like in consistency, being a problem both to transport heat to its internal 

water and to transport out the evaporated water to the surface of sludge particles. This also 

is a reason for the sludge dryers to be built large and bulky compared to the dewatering 

capacity. 

 

The short conclusion to the above is that drying is more and more becoming a preferred 

way of processing sludge due to environmental concerns, but commercially available 

sludge dryers are very energy demanding, they are large units compared to their capacity 

and therefore high investment costs are needed, and they are occasionally subjects of fires 

and explosions. 

 

 

2. Sludge drying by super heated steam 

The process of drying in an atmosphere of super heated steam is well known and has been 

used for several products for many years. The process has a number of benefits, compared 

to hot air drying. Some of these are better understood by summarizing some important 

properties of steam as a drying medium compared to hot air. 

 

Table 1. Some thermal properties of atmospheric superheated steam and hot air at 200 and 

400 °C. λ is the thermal conductivity (W/mK), η is dynamic viscosity (Ns/m2) ρ is density 

(kg/m3) and cp is the specific heat (J/kgK). 

 Air Steam SHS improvement 

to air (%) 

 0 °C 200 °C 400 °C 200 °C 400 °C 200 °C 400 °C 

  λ  0,037 0,037 0,0335 0,056 -9,5 15 

  η*10
6
 17 26 33 16 22,5 38 32 

  ρ 1,28 0,735 0,517 0,46 0,32 -38 -38 

  cp 1,0 1,03 1,07 1,99 2,08 93 95 

 

 

The specific heat of SHS is almost twice that of hot air and the mass of circulating drying 

medium can be reduced by 50 % without reducing the picture of gas or vapor flow in the 

dryer. The fan power requirement to achieve a given heat transfer effect is halved. The 

viscosity of SHS is about 38% lower than for air, which contributes to thinner laminar 

layers and substantially improved heat transfer to the drying product.  In a SHS atmosphere 

the product temperature quickly rises to the inversion temperature, thus eliminating the 

surface tension and reducing the viscosity by nearly 40%. The absence of surface tension 

probably assists the surface moisture to evaporate quickly while the lower viscosity 

enables the internal moisture to migrate faster to the product surface.  
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Heat transport from SHS to the surface of a particle to be dried and further heat transport 

within the particle from the surface to the water evaporation front are both improved by 

using SHS compared to hot air. Most particles are porous, and when the voids/pores in the 

partially dried outer sections are filled with SHS with a better thermal conductivity 

compared to air, the porous materials bulk thermal conductivity is higher. The convective 

heat transfer from the drying medium to the particle surface necessary to transport enough 

heat to evaporate water in the product varies in effectiveness with the particle form, the 

velocity of the drying medium (air or SHS) at the surface and several of the properties of 

the medium. The most important gas properties in this context are the heat conductivity, 

density, specific heat capacity and viscosity. Density and viscosity strongly influences the 

type of flow of steam in the close proximity of the particle. When the flow turns turbulent, 

the heat transfer becomes much more effective compared to laminar flow with a relatively 

thick thermal laminar layer. The transition to turbulent flow is quicker with SHS and the 

thermal boundary layer is thinner than in air. This conclusion can be drawn from the results 

in /9/. 

 

In the first stages of drying water vapor is mainly removed from the surface of the 

particles. As the drying continues the outer layer becomes dry and the necessary heat for 

water evaporation must be transported from the surface through this partially dried layer. 

This conductive heat transport varies in effectiveness with the properties of the drying 

material. The most important properties in this context are dry matter heat conductivity, 

pore structure and amount of remaining water in the dry layer. The pore structure voidage 

will vary substantially with the particle shrinkage during drying. To illustrate the 

importance of shrinkage for heat conductivity, it is mentioned that material being freeze 

dried do not shrink, and if this happens in vacuum, the pores are almost empty, as the 

content of water vapor is low. Several materials being dried this way has heat conductivity 

approximately as insulation materials, thus the drying takes long time. In hot air or SHS 

dryers the material normally shrinks and the pores and voids that are connected to the flow 

of drying medium will be filled with gases, resulting in better heat transport. The resulting 

internal product heat conductivity of the material is substantially higher in a SHS 

environment compared to hot air though, as heat conductivity of the steam is higher (at 400 

°C, not at 200 °C), and viscosity is much lower.  

 

Moisture transport is the second important process governing the efficiency of a dryer. The 

moisture transport can be divided into internal transport in the particles out to the surface, 

and the transport from the particles surface to the bulk steam of drying gas (air). When the 

surface of the particle is wet, as in the first stage of drying, the only resistance to moisture 

transport will be the resistance to water vapor diffusion from a wet surface into a steam 

atmosphere. It will be different from the diffusion of vapor into hot air atmosphere of a hot 

air dryer. The diffusion takes place in the concentration boundary layer surrounding the 

particle. This layer is thinner in SHS than air, and the velocity of diffusion of water vapor 

molecules is slower in air than in steam (self diffusion). This effective difference between 

SHS and air  is shown by tests in /8/. Later in the drying process when the surface is no 

longer wet, there is migration of moisture from the internal wet parts of the particle to its 

surface. This is a complex mass transport composed of several distinctive flows in parallel. 

Moisture is transported both as water and vapor out of the product and its pore structure. In 

hot air dryers air will diffuse from its bulk flow into the pores as they open up when water 

evaporates. This is a countercurrent flow compared to vapor flow. Properties of both the 

drying matter and the drying medium have importance for several of the moisture transport 

mechanisms of current interest.  It is thus expected that a change from hot air to SHS as 
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drying medium will lead to appreciable improvements in particle internal moisture 

transport, also shown in /7/. 

 

The above description of changes in physical matters inside a SHS dryer compared to hot 

air dryers, leads to the conclusion that thermal efficiency in SHS dryers is much improved 

over hot air dryers. Therefore the drying chamber of SHSD can be made smaller and 

require less investments from this consideration. The volume- and mass flow of SHS is 

much reduced compared to hot air, and the supply fan can be reduced by almost 50%; both 

physical size and power consumption. 

 

The SHSDs are based on a closed loop for the drying medium, thus exhaust gases are 

omitted. For many, or almost all installations for sludge drying, this is a large saving on 

investments as the air filter is omitted, also this saves footprint area of the installation and 

it saves the fan power due to pressure loss in the filter. 

 

The fire and explosion risks are omitted as there is no oxygen present in the SHSD. This 

saves much investment compared to the quality hot air dryers in the market. The 

formulation of particles can be made without respect to dust and fire and explosion risk. 

Fire extinguishing equipment is not necessary. 

 

Drying in an atmosphere of SHS is generally more efficient than drying in hot air. It is 

shown that energy savings of 15-40% is realistic when compared to hot air drying, /3/. The 

energy re-use potential is also better in SHSD because of smaller volumes of vapor and 

higher specific energy.  In a humid exhaust from a hot air dryer, most of the potential for 

energy recovery is the condensation energy in water vapor. In order to cool the vapor for 

condensation and heat recovery, a large amount of air must be treated. In the SHSD 

exhaust there is no air and the cooling and condensation becomes a much cheaper process. 

The energy can be removed at approximately 100 °C compared to 40-70 °C typically for 

hot air dryers. Also SHSD open for the possibility of recompressing a part of the exhaust 

stream, heat exchange it to the remaining part flow and use the latter for entry to the dryer 

again. In this manner the dryer’s energy consumption is reduced by approximately 70-

80%, see also /2/. Specific energy demand as low as 150 kWh/ton water is reported from 

industrial SHSD /5/, /6/ and /10/. 
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