
ScienceDirect

Available online at www.sciencedirect.com

Energy Procedia 124 (2017) 671–679

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer review by the scientific conference committee of SiliconPV 2017 under responsibility of PSE AG.
10.1016/j.egypro.2017.09.342

Available online at www.sciencedirect.com

ScienceDirect
Energy Procedia 00 (2017) 000–000

www.elsevier.com/locate/procedia

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and Cooling.

The 15th International Symposium on District Heating and Cooling

Assessing the feasibility of using the heat demand-outdoor 
temperature function for a long-term district heat demand forecast

I. Andrića,b,c*, A. Pinaa, P. Ferrãoa, J. Fournierb., B. Lacarrièrec, O. Le Correc

aIN+ Center for Innovation, Technology and Policy Research - Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal
bVeolia Recherche & Innovation, 291 Avenue Dreyfous Daniel, 78520 Limay, France

cDépartement Systèmes Énergétiques et Environnement - IMT Atlantique, 4 rue Alfred Kastler, 44300 Nantes, France

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 

In this work, we improved the performance of the MWT-PERT solar cells focusing on increasing their Voc by combining the 
MWT concept with n-PERT technology. The impact of different post-laser treatments on the via surface morphology and the via 
passivation was investigated. KOH texturing can partially remove the laser damage in the via and reduce the via SRV to 1000 
cm/s. With optimized post-laser treatment and via passivation, an average Voc of 685mV was achieved for our large-area n-type 
MWT-PERT cells. Front Ni/Cu plating and rear Ag and Al screen-printing were used for the metallisation, the compatibility of 
this hybrid metallisation scheme was studied. Using industrial solder-through interconnection technology, the cell was integrated 
in a laminate reaching a one-cell module efficiency at 20%. The reliability of the one-cell modules was preliminarily investigated 
in an extended reliability test. 
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1. Introduction 

Crystalline silicon (c-Si) solar cells are currently dominating the photovoltaic market. Different approaches have 
been investigated to further improve the performance of crystalline silicon solar cells. One approach is to develop 
back-contact solar cells, such as Metal Wrap Through (MWT) structures [1], which requires only one additional 
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processing step (laser via drilling) compared with standard industrial cell fabrication. With both contacts and 
interconnection at the cell backside, this design does not only reduce shading and absorption losses due to the 
reduced front metal coverage, which leads to a gain in the short-circuit current density (Jsc), but it also improves the 
aesthetics of the module. The advanced n-type PERT cell technology is another innovative approach featuring a 
dielectric passivation and local contacts on the rear side. Combining the features of the MWT and n-type PERT solar 
cells in an MWT-PERT solar cell architecture will result in a higher current due to minimized shadowing on the 
front, appealing aesthetics of the cells (no front busbars) and improved open circuit voltage (Voc) due to a better rear 
passivation. An efficiency of 21% has been reported for large-area n-type homogeneous junction MWT PERT solar 
cells with Voc of 656mV [2]. This champion cell features contacts with screen-printing of Ag and Ag/Al paste and 
unpassivated vias. 

n-type PERT solar cells have demonstrated Voc potential above 690mV in recent publications [3] [4]. In this work, 
we improved the performance of the MWT solar cells focusing on increasing their Voc by combining the MWT 
concept with n-PERT technology. The impact of different post-laser treatments on the via surface morphology and 
the via passivation were investigated. KOH texturing can partially remove the laser damage in the via and reduce the 
via SRV to 1000 cm/s. With optimized post-laser treatment and via passivation, an average Voc of 685mV was 
achieved for our large-area n-type MWT-PERT cells. A hybrid metallisation scheme was implemented in this work. 
Front Ni/Cu plating and rear Ag and Al screen-printing were used for the metallisation of our MWT-PERT solar 
cells to reduce the precious Ag consumption and cost. Two main challenges were previously identified for this 
hybrid metallisation scheme [5]. First, it is difficult to plate continuous fingers near the via printed-through Ag paste, 
which can prohibit a good contact. Second, for immersion plating tools, the adhesion of the Ag pads after exposure 
to plating solutions can be severely degraded. Thus, the integration of the hybrid metallisation scheme was 
investigated in this work, especially on the compatibility of the screen-printing pastes with the plating sequence. 
Finally, we integrated a number of cells into one-cell laminates using the solder-through interconnection technology 
[6] and subjected them to an extended reliability test. 

2. Approach and experiment plan 

2.1. Short-loop test and process optimization 

Via passivation and metallisation integration were investigated using short-loop tests. To investigate the via 
passivation, symmetrical lifetime samples with different via densities were fabricated. After via drilling, a post-laser 
treatment was applied to remove the laser damage, using KOH saw damage removal (SDR) or KOH texturing. All 
the samples received then a front surface field diffusion (FSF) and were passivated by a dielectric stack of thermal 
SiO2 and PECVD SiNx on both sides. The process flow and structure of the samples are shown in Fig. 1. (a) and (b). 
The surface morphology of the via was studied by top-view and cross-sectional SEM, and the lifetime of the 
samples was measured using BT imaging. The samples were further received a laser doping on the front and screen-
printed with Ag via paste on the rear. And the front contact was plated. The via paste printing and firing were well 
optimized to ensure the solderability of the rear Ag pads after the Cu plating. The adhesion of the Ag pads after 
soldering was measured by a 45° pull test. 
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