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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 objective of this work is to apply the methodology of PIR (Integrated Energy-Resources Planning) within the corporate 
environment. It was chosen a pulp and paper industry because it is one of the largest energy consumers industry. In addition to 
the traditional resources, it was included a new technology, biomass gasification. Available gasification technologies were 
described. Within these technologies, there is an application which seeks to replace the current technologies of recovery boiler, 
black liquor gasification (LARSON, 2003). In this paper the concepts of PIR in the corporate environment will be applied – in a 
pulp and paper industry on the optics of Energy Resources Supply-Side (RELOs). The result of IRP was that the resources 
chosen to meet the demand in this industry in study were: Hydroelectricity, Recovery Boiler, Natural Gas Boiler / Oil, Biomass 
Boiler. It was found that almost all resources are used in the first years of operation and that during the study period, it was not 
necessary to include new resources for the demand increase was met with the already allocated resources. 
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1. Introduction 

The inclusion of issues related to the environment, which both socio-culturally and economically has become a 
topic increasingly important in the environment of the corporate practice of the industrial sector. Also, the world is 
experiencing a strong economic growth of underdeveloped countries which highly depends on electricity to sustain it. 
This dependence of modern society, combined with limited resources of potential generation, led the professional 
and scientific community to think about how to solve the problems which may be present in the future in relation to 
the lack of energy resources. Since then, people started to think about Energy Planning, firstly in the context of the 
State and more recently in the context of globalized industry. In 1990´s decade, the Integrated Resource Planning 
(IRP) originated from the enhancement of existing models in USA, such as the Traditional Energy Planning (PET). 
But the PIR (Integrated energy-Resource Planning), born from that IRP seeks to meet the concerns of sustainable 
development (that including dimensions like: environmental, social, political and economic-technical: all are 
considered equally important for energy planning [1].  

This paper applies the methodology of Integrated Energy Resources Planning (IRP or PIR from UDAETA, 2012). 
For the case study a pulp and paper industry was chosen, because it is one of the most energy intensive industries 
(the city of Suzano is our local reference). Initially, the process of the production in a pulp and paper industry is 
described. For this study, there were analyzed only the resources on the supply side. In addition to traditional 
resources, which are the biomass boiler, the natural gas boiler / fuel oil and recovery boilers,  has been included a 
new technology, biomass gasification. The gasification technologies available have been described. Within these 
technologies, there is an application which seeks to replace current technologies of recovery boiler, the black liquor 
gasification. Through this work, we verified that these technologies are still expensive and need specific scenarios to 
become competitive.  

Currently the concern with the environment has become an increasingly important topic [2]. The world also 
experienced strong economic growth in underdeveloped countries that depend enormously on electricity to sustain 
this growth. They depend on energy for locomotion, use of household appliances, industrial production, among other 
uses. This dependence of modern society, combined with limited potential for generating resources, led the 
professionals and the scientific community to think about how to solve the problems that may present itself in the 
future in relation to the lack of energy resources. Since then, the society began to think of Energy Planning. 

The Integrated Planning of Energy Resources (IRP) originated from the Traditional Energy Planning. The IRP 
seeks to meet the aspirations of sustainable development by observing the impacts on four dimensions that make up 
its pillars: environmental, social, political, technical-economical, all of which are considered equally relevant for 
energy planning. In this paper, was applied the concepts of the IRP in the corporate environment. It will be applied 
in a pulp and paper industry on the optical Energy Resources Supply-Side (RELOs). 

2. Basic of a pulp and paper industry 

The pulp and paper industries are part of a growing industrial segment. The main raw material of Brazilian 
industries is eucalyptus, unlike the northern hemisphere countries, that use the pine. These industries generate 
114,000 direct jobs and 500,000 indirect [3]. The table 1 shows the growth of the pulp and paper industry in Brazil. 

 
Table 1. Developments using biomass fuels class [4] 

Cellulose 2009 2010 % 
Production 13.315 14.064 25 
Importation 359 412 14,8 
Exportation 8.229 8.375 1,8 

Apparent consumption 5.445 6.101 12 
Paper 2009 2010 % 

Production 9.428 9.792 3,9 
Importation 1.085 1.502 38,4 
Exportation 2.008 2.074 3,3 

Apparent consumption 8.505 9.220 8,4 
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