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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 

Green buildings have become an inevitable trend due to the implementation of the Evaluation Standard for Green Building 
(ESFGB) in China. Because of its geographic location in the central-south region of China, Hunan was developed relatively late 
compared to other more industrialized regions of China. However, with the local government's attention and focus, Hunan has 
made enormous progress and caught up rapidly. Green residential buildings grow even faster than green public buildings. The 
overall floorage of residential buildings is about two times of public buildings among these Green Building Labelling (GBL) 
schemes in the past five years. In this paper, 34 GBL residential building schemes of Hunan Province were analyzed through data 
analytics including quantity and floorage, star level proportion and geographical distribution to reveal the developing status of 
green residential buildings. Meanwhile, technologies used in these schemes were divided into five categories including Land 
Saving, Energy Saving, Water Saving, Material Saving and Indoor Environment in accordance with Evaluation Standard for 
Green Building in Hunan Province (ESFGBHP). Then the technology using frequency of GBL residential schemes were counted 
and sorted by different categories and star levels. Combined with specific technology cost, the relationship between frequently-
used technologies and incremental cost of different categories and star levels were discussed. 
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1. Introduction 

Implementation of ESFGB has been officially launched in China since 2008 and great achievements have been 
made through 8 years of development of GBL. By the end of 2015, 3979 GBL schemes were certificated and the 
overall floorage reached to 460 million square meters [1]. GBL scheme can be divided in to two different building 
types and two different appraisal stages. One building type is GBL Public Building Scheme (GBLPBS) and the 
other is GBL Residential Building Scheme (GBLRBS). One appraisal stage is GBL Design Stage (GBLDS) and the 
other is GBL Operation Stage (GBLOS). Certificated GBL scheme can be divided into 3 star levels, i.e. one-star, 
two-star and three-star which is the highest level [2]. Green buildings were developed relatively late in Hunan 
Province as a central-south region where economic development grew relatively slow. But green buildings have 
been developed rapidly with the government’s attention and promotion since 2012. Evaluation Standard for Green 
Building in Hunan Province (ESFGBHP) was formulated first in 2009 and 126 GBL schemes were certificated in 
Hunan Province with floorage of 13.33 million square meters by the end of 2015 [3]. 

According to statistical data, 81 schemes of Hunan Province, including 47 GBLPBSs with floorage of 3.13 
million square meters and 34 GBLRBSs with floorage of 6.31 million square meters passed the appraisal of GBL in 
the past five years. Although the number of public schemes is much more than that of residential schemes, the 
overall floorage of residential schemes is over two times than that of public buildings. 

Residential buildings are a building type that most closely associates with human life. Therefore, the 
development of green residential buildings for energy savings, living environment improvement, and environmental 
pollution reduction is of great significance [4]. For developing countries, green residential buildings should be 
developed based on the selection of appropriate technologies. The purpose of appropriate technology 
implementation is to solve comprehensive problems through a positive interaction mechanism for specific object 
with the local natural, economic and social environment to obtain the best comprehensive benefit [5]. 

Due to the limitations from technology, material and cost, the research and implementation of green residential 
buildings are relatively slow in China. However, in most green building technology research, technology is 
considered separately. Boeck et al. [6] provided an updated review of improving energy performance of residential 
buildings. Zhang [7] analyzed the measures of land saving being used in green residential buildings. Chai [8] studied 
the comprehensive benefit in full life cycle and incremental cost of water conservation in green buildings. Mohamed 
Ibrahim [9] studied the financial and environmental returns attained by recycling construction waste from selected 
projects which conform to the U.S. Green Building Council standards. Al horr [10] established the links between 
IEQs and occupant well-being and comfort. Nevertheless, appropriate technologies are rarely studied as a whole in 
green buildings, especially with incremental cost. 

The aim of this study is to demonstrate the developing status of GBLRBS in Hunan and the inner-relationship 
between the frequently-used technologies and incremental cost by analyzing all GBLRBSs in the past five years. 

2. Developing status of GBLRBS 

In this paper, all 34 GBLRBSs of Hunan Province in the past 5 years were analyzed through data analytics 
including quantity and floorage, star level proportion and geographical distribution to reveal the developing status of 
green residential buildings. 

2.1. Quantity and floorage 

Table 1. GBLRBS quantity variation (2011-2015). 

Scheme type 2011 2012 2013 2014 2015 Total 

One-star 0 2 3 9 15 29 

Two-star 0 2 1 0 1 4 

Three-star 0 0 0 1 0 1 

Subtotal  0 4 4 10 16 34 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.08.012&domain=pdf
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