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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Fouling within the food industry has an impact on both capital and operation costs. There is a great demand for cost effective and 
sustainable antifouling solutions. An increase in internal fouling results in poor thermal efficiency during food processing. This is 
coupled with poor heat and mass transfer local to the metal surface of designed heat exchangers, pipes and other equipment. Internal 
fouling could also potentially increase unwanted fluid flow pressure due to restricted flow. [1, 2] It is demonstrated in this work, 
how fouling is mitigated with ultrasound non-invasively during pilot scale production. When using a plate heat exchanger set-point 
temperature of 140°C, 128°C and 138°C was achieved without and with an attached ultrasonic transducer respectively. The duration 
for complete fouling of a tubular heat exchanger increased from 10 to 25 hours with ultrasonic transducers. The presence of 
ultrasound reduces the carbon footprint owing to substantially reduced fouling. 
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1. Introduction 

    Traditional methods of cleaning in the food industry include high pressure water, rinsing with chemicals and 
mechanical scrubbing.[1, 2] The described novel method that uses ultrasonic transducers over traditional methods is 
non-invasive, cost effective, eco-friendly and thermally more efficient. In addition, this solution distinguishes itself 
by inhibiting fouling continuously during production and is not a post process treatment. 

    Ultrasonic technology in antifouling began with the US Navy in the 1950s. It was found that there was significantly 
less marine growth around sonar transducers compared to other sections of the hull. Antifouling ultrasonic transducers 
have been commercially available in the marine industry for over a decade. Conventional methods such as high 
pressure water washing also used in the food industry are older. [3] 

2. Fundamentals 

2.1. Fouling 

    Fouling is a five step process. In the first stage (initiation), nucleation of the fouling species occurs followed by the 
transportation of the fouling species to the surface. At the attachment stage the species deposit on the surface with 
possible removal of the attached species into the fluid stream. Finally, the fouling deposit may harden or weaken in 
the aging stage. The most common fouling model is linear where the fouling rate is steady. The fouling rate in this 
model compromises two rival terms including an anti-deposition or mitigation (Equation 1). 

The fouling rate = (deposition term) – (anti-deposition term): 
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 α, β, γ and δ are parameters, Ƭ𝑤𝑤𝑤𝑤 is the wall shear stress and 𝑅𝑅𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the fluid temperature. From the equation, it is 
obvious that there are threshold conditions of temperature and velocity with insignificant fouling rates in heat 
exchangers. Fouling resistance (FR) characterizes the thermal effect of fouling. It is related to the deposit thickness 
and thermal conductivity. FR is included in a basic heat transfer equation where U and U0 are the overall heat 
coefficients with and without fouling respectively. [1, 4] 
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With an increase in deposition, the fouling resistance increases also resulting in a change in deposit temperature in the 
liquid phase. A change in deposit temperature will affect the deposition rate. [5] 

2.2. Ultrasonic transducers 

    The principle of how an ultrasonic transducer works is illustrated in Fig. 1. The transducer has a piezoelectric 
element that generates ultrasonic waves by repeated expansion and contraction. Ultrasonic waves are transmitted 
through the metal into the liquid. Vibrations in the metal/liquid interphase could potentially prevent foreign particle 
adhesion on the metal from the liquid. [6] 
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