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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 aim of this work is to determine the optimum platinum (Pt) loading on the surface of glassy carbon. By measuring four 
different Pt loading electrocatalysts, the electrochemical surface area (ECSA), the mass activity (MA), the roughness factor (rf) 
and the kinetic current (ik) was observed. The specific activity (SA) increased for decreasing Pt loading. At high Pt loadings, 
aggregation of Pt in the active layer was observed.   
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1. Introduction 

Platinum (Pt) is the most active electrochemical catalyst toward many electrochemical reactions, such as 
the anode of the oxidation and the cathode of the reduction in proton exchange membrane fuel cells (PEMFCs). The 
information on the electrochemical surface area (ECSA) of Pt loading is essential to derive the catalytic activity for 
evaluation. This is important to understand the relationship between various Pt loading and catalytic activity. The 
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ECSA of various Pt loading electrocatalysts, consist of single crystalline and polycrystalline Pt nanoparticles as well 
as being carbon-supported. This approach is mainly obtained by cyclic voltammetry (CV). Then, the roughness 
factor (rf) is calculated. The catalytic activity is determined by an oxygen reduction reaction (ORR). After that, the 
kinetic current (ik), mass activity (MA) and specific activity (SA) are calculated. 

2. Materials and Methods 

2.1 Reagents 

Nanopure water (18 MΩ cm, Barnstead Nanopure), ultra high purity nitrogen (N2) and oxygen (O2) were 
used during the experiments. 30 wt. % Pt/C powders were from E-Tek. H2SO4 solution was purchased from Aldrich.   
 
2.2 Physical characterization methods 

The morphology of 30 wt. % Pt/C commercial catalysts (E-Tek) was determined using scanning electron 
microscopy (SEM). The SEM is a type of electron microscope that can produce high resolution images of a sample 
surface. Energy dispersive X-ray spectroscopy, (EDX) was used to measure the element compositions of Pt/C 
catalysts. 

 
2.3 Electrochemical measurements 
 

All electrochemical measuring techniques were carried out with standard three-electrodes at 303 K. The 
0.10 M H2SO4 working electrolyte was prepared from nanopure water (18 MΩ cm, Barnstead Nanopure). The 
reference electrode was used as a reversible hydrogen electrode (RHE) and a platinum electrode was used as the 
counter electrode. The working electrode was glassy carbon. Ultra high purity nitrogen (N2) and oxygen (O2) were 
employed. The catalysts were carried out on commercial 30 wt % Pt supported on vulcan carbon XC-72, Pt/C (E-
Tek). For the rotating disk electrode, (RDE), the catalyst ink was prepared on a glassy carbon electrode where ∅ 
was equal to 5 mm and the surface area was equal to 0.196 cm2. The working electrode Pt-loadings were 7 µgPt cm-2, 
14 µgPt cm-2, 28 µgPt cm-2 and 56 µgPt cm-2. The solution of the catalyst ink was prepared by mixing ratio of 
isopropanol and nanopure water in the ratio 7:3. The catalyst ink was then sonicated for 20 minutes in an 
ultrasonicator. Then, a 5 µl of catalyst ink was pipetted and loaded on to the clean working electrode. The glassy 
carbon electrode with a flattened drop was rotated at 700 rpm until the film is dry (see Fig. 1) [1].  

 

 
Fig. 1. Flattened drop on glassy carbon 
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Table 1.  Electrochemical measurement 

 Potential cycling Scan rate Purge 
Condition 1. 
 

between 0.05V to 1.255V for 250 
cycles 

500 mV s-1 N2-purged 

Condition2. (initial CV) between 0.05V to 1.055V for 3 
cycles 

50 mV s-1 N2-purged 

Condition 3. ORR between 1.03V to 0.05V for 
20 cycles 

20 mV s-1 N2-purged 

Condition 4. ORR between 1.03V to 0.05V for 
20 cycles 

20 mV s-1 O2-purged 

 
The electrochemical measurement was used for cyclic voltammetry (CV) (Table 1.), and then the oxygen 

reduction reaction (ORR), Pt electrochemical surface area (ECSA), roughness factor (rf), the kinetic current (ik), the 
mass activity (MA) and the specific activity (SA) were calculated [2, 3, 4, 5]: 

 
 

 ECSA,(mg) =
[()]

[
()()

X10								(1) 

where ECSA is the Pt ECSA (m2gPt
-1) obtained from calculating and QH = 210 µC.cm-2. LPt (mgPt.cm-2) is 

the Pt loading on the surface of the working electrode and Ag (cm-2) is the geometric surface area of the glassy 
carbon working electrode [2]. The roughness factor (rf) is calculated from Eq. 2. The ratio between the real Pt 
surface area Areal measured from CV and the geometric area of the electrode Ageo obtained from the surface area of 
the working electrode is equal to 0.196 cm2. 

 
 

r =
A
A

= 	
Q(C)

210	( μCcm)
0.196	(cm)

																																																																		(2) 

The kinetic current ik can be calculated by Eq. 3, where io is the observed current at E = 0.9 V and id is the 
limiting current that can be directly obtained from the ORR curve [3, 4], 

 

 =
()
( − )

																																																																																							() 

The MA of the catalyst is calculated by Eq. 4, 

MA =
ri
L

																																																																																												(4) 

The SA of the catalyst can be calculated by using the following Eq. 5 [5], 

 =



																																																																																											() 

The theoretical diffusion limiting current il for the ORR can be represented by Eq. 6 which is known as the 
Levich equation [6], 

	 = . 
/ν/	ω/																																																			() 

where n is the number of electrons involved in the reduction of the oxygen, F is the Faraday constant 
(96,485 Cmol-1), A is the geometric surface area of RDE, Cb is the bulk concentration of the oxygen (1.1 x 10-3 mol 
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