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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 

The technical performance and the environmental behavior of new materials are key factors in their acceptance. In this work, 
wastes from local industries (lime sludge and biomass fly ashes) replaced natural fine aggregates in the concrete production. The 
concrete mechanical strength was evaluated and eco-toxicity was assessed using duckweed as biomarkers. The results showed 
that wastes addition to the concrete mix led to a decrease of 3% and 35% in the compressive strength when fly ashes and lime 
were used, respectively. The bioassays performed did not show different behaviors between conventional concrete and concrete 
produced with the wastes. 
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1. Introduction 

The building construction as it is done nowadays is based in the concrete utilization. Concrete is prepared by 
mixing Portland cement with fine aggregates (sands), coarse aggregates (gravel), kneading water and adjuvants (to 
improve its performance).The concrete is used not only in the structural part of buildings (such as reinforced 
concrete or pre-stressed concrete) but also in art pieces, coatings, sidewalk guards and bridges. Is a quite moldable  
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material, allowing the buildings construction with the most diverse formats, given stability and resistance to the 
structure.  

The concrete production contributes for natural resources depletion and wastes generation. The natural resources 
extraction contributes also for visual negative impacts, considering the landscape deforestation due to limestone or 
clay extraction for cement production. Moreover, wastes have a negative impact in the environment, contributing to 
the life quality degradation of all living beings. Thus, the waste reuse should be taken into account by this industry 
sector. There are already several success cases related with wastes incorporation in building materials, in particular 
in concrete and paving materials. For example, the sugarcane bagasse ash in concrete manufacturing improved the 
products performance while reducing the material cost (James and Pandian, 2017). Similar conclusions were 
achieved with municipal solid waste incineration fly ashes, plastics, including plastic bags, glass, construction and 
demolition wastes, gypsum, rice husk ash, blast furnace slag, silica fume and several others (Batayneh et al., 2007; 
Wagih et al., 20013; Ghernouti et al., 2014; De Boom and Degrez, 2015; Su et al., 2015; James and Pandian, 2017). 
One of the major advantages of these practices is the utilization of local wastes producing concrete with lower 
carbon foot-print.  

The concrete utilization is associated with some toxicity related to the high pH or heavy metals in leaching 
waters, instigating to corrosion and dermatitis, respectively (Winder and Carmody, 2002). The mix of wastes in the 
concrete manufacturing may have a role in decreasing these toxic effects. Toxicological analysis elucidates on the 
adverse effects in biomakers caused by the interaction between chemicals, living organisms and/or biological 
systems. Aquatic and terrestrial plants are essential components of a healthy ecosystem. Several organisms are used 
for this purpose, like luminescent bacteria, Lemna gibba L., seeds for germination or growing assays, among others. 
Choi et al. (2013) used Daphnia magna as an aquatic test species to evaluate the aquatic acute toxicity of leachate 
from concrete prepared with different wastes mixes, ordinary Portland cement with pozzolanic admixtures, 
pulverised fuel ash, ground granulated blast furnace slag (GGBS) and GGBS containing loess. Even traditional 
concrete, made with Portland cement, showed 100% D. magna immobilization, while GGBS and GGBS containing 
loess showed less toxicity. No effect was observed with low contents of GGBS containing loess. The authors 
suggested that the use of these materials in concrete may be useful to reduce eco-toxicity of concrete leachates.  

In order to assess the environmental behavior of concrete prepared with ashes or lime as partial/total fine sand 
replacement, several mixes with different proportions of wastes were prepared to evaluate the compressive strength 
at 28 days and the eco-toxicological effects in Lemna gibba L., also known as common duckweed. 

2. Material and methods 

In this study, four types of concrete samples were prepared: Concrete, Ash 50, Ash 100 and Lime 100. The base 
concrete mix included cement, fine sand (sand 1), coarse sand (sand 2), as well as fine gravel (gravel 1) and coarse 
gravel (gravel 2) and water. The other samples were produced with wastes incorporation. The sand 1 was replaced 
by 50 and 100% of fly ashes, for the Ash 50 and Ash 100, respectively, and by 100% of lime sludge for Lime 100, as 
mentioned in Table 1. The wastes were obtained in local industries, the former in a biomass thermoelectric power 
plant and the latter in a paper mill production. The preparation of 150x150x150 mm3 cubic samples was carried out 
according to NP EN 12390-1:2012 and molding and curing followed NP EN 12390-2:2009. The compressive 
strength at 28 days was determined according to NP EN 12390-3:2009 using a Multitester equipment (Controls 
C5600/FR). Leaching tests were carried out following the EN 12457-4:2002, for crushed samples after 28 days, in 
order to perform a chemical characterization of cured concretes. The raw materials were also analyzed using the 
same procedures. The parameters assessed were pH, electric conductivity, redox potential (ORP) and dissolved 
oxygen with specific electrodes in a multiparameter meter (Hach, model HQ30d flexi). The toxicology effect in 
Lemna gibba L. (Duckweed) growth was determined according to standard methods for water and wastewater 
examination (APHA, 1998). Ten Lemna fronds were gently placed in 100 mL Erlenmeyer containing 25 mL of 
nutrient medium made with previous leachate solutions as solvent. The flasks were placed at 25°C in the presence of 
light (continuous cool white fluorescent lighting with a 100 W lamp) during four days. Control assay using only 
nutrient medium solution was made. All tests were performed in triplicate. Chlorophyll a, b and c was also 
quantified in the solutions according to standard methods (APHA, 1998). 
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Table 1. Proportions of materials used in the different concrete mixes (values represent the cement ratio by 
weight). 

Concrete Lime 100 Ash 50 Ash 100 

Cement 1 1 1 1 

Water  0.5 0.5 0.5 0.5 

Sand 1 0.5 - 0.25 - 

Sand 2 0.9 0.9 0.9 0.9 

Gravel 1 0.8 0.8 0.8 0.8 

Gravel 2 1.7 1.7 1.7 1.7 

Lime - 0. 5 - - 

Ash - - 0.25 0.5 

3. Results and discussion 

Sand and gravel are used in the concrete to prevent shrinking that happens as concrete cures. These materials do 
not have a chemical involvement in the concrete maturation but are rather important in the hardened structure. A 
particle size evaluation of fly ashes and lime sludges showed similarity to fine sand, with lime sludges showing even 
higher content of particles under 0.063 mm  (Lourenço, 2016). Therefore, from all the concrete materials, only fine 
sand was replaced. The compressive strength of the concrete samples was evaluated for the different specimens (3 
samples for each), at 28 days (Fig. 1A). The ash application leads to a slight decrease in the average compressive 
strength comparing with conventional concrete, from 40 MPa to 37 MPa.  However, with lime sludges the decrease 
is more pronounced, falling to 26 MPa. The reduction percentages were around 3% and 35% for Ash 100 mortars 
and Lime 100 mortar, respectively. This situation may arise from the small particle size of lime sludges, similar to a 
powder with some chemical reactivity, since it has calcium carbonate and magnesium oxide as main constituents 
(Tran, 2007). As the curing reactions proceed, the internal structure of the hydration products and the lack of 
hydration water induces the amount of air in the concrete with waste, decreasing the material resistance. 

 

 

Fig. 1. Influence of wastes (fly ash and lime sludges) incorporation in the compressive strengths of cubic samples (A) and Duckweed growth 
profile (B). 

The tests performed in hardened samples allow to characterize quantitatively some of the main parameters 
necessary to establish the constitutive laws of the material and to evaluate their performance through time, either in 
the mechanical effect or environmental actions. According to the standard strength classifications, both conventional 
and ash concretes may be classified as C30/37. On the other hand, the Lime 100 sample is a C20/25, which indicated 
that this sample is less resistant to mechanical stresses. It is, however, important to stress out that the samples 
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