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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 

Building sector is commonly appreciated as a major contributor to the global warming. Hence, the control of energy consumption 
and carbon emissions from buildings has received unprecedented attention and concern by Chinese government and practitioners. 
This study is to present an optimization model to quantitatively assess carbon reduction strategies at enterprise level in building 
sector under the multi-objective: to achieve regulated carbon emissions reduction target set by government, as well as to realize 
the minimum incremental costs incurred by carbon emissions. The available alternative carbon emissions reduction strategies 
considered in this paper comprise adopting or upgrading low-carbon technologies, participating Emission Trading System (ETS) 
market, and releasing carbon dioxide violating environmental regulations. This work innovatively puts forward mathematical 
formulas to explore the impact of government environmental inspection on violations and accompanying loss of reputation. A 
typical four-star hotel in Shenzhen is selected as an actual case to investigate the proposed model based on empirical analysis. 
The result shows that the amount of non-complying emissions are the highest of 2388.4 tCO2/year, followed by LCT-mitigated 
emissions are 2112.3 tCO2/year, and yet emissions permits from ETS market are zero. The findings of this study can facilitate 
building owners formulate more reasonable and cost-effective strategies option to achieve the regulated carbon emissions 
reduction target. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference. 

Keywords: Carbon reduction Strategy; Decision-support model; Emission trading system (ETS); Low-carbon technologies; Non-compliance. 

 

 
*Corresponding author. Tel: +65 84326365. E-mail address: bdgsx@nus.edu.sg  

 

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 World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference.  

World Engineers Summit – Applied Energy Symposium & Forum: Low Carbon Cities & Urban 
Energy Joint Conference, WES-CUE 2017, 19–21 July 2017, Singapore 

Optimal Carbon Reduction Strategies in the Building Sector with 
Emission Trading System  

Xiangnan Song a,c*, Yujie Lub, Chenyang Shuaic 

aResearch Assistant. Department of Building, School of Design and Environment, National University of Singapore, Singapore 117566 

bPhD and Assistant Professor.  Department of Building, School of Design and Environment, National University of Singapore, Singapore 117566 
cPhD student. School of Construction Management and Real Estate, Chongqing University, Chongqing 400045, China 

Abstract 

Building sector is commonly appreciated as a major contributor to the global warming. Hence, the control of energy consumption 
and carbon emissions from buildings has received unprecedented attention and concern by Chinese government and practitioners. 
This study is to present an optimization model to quantitatively assess carbon reduction strategies at enterprise level in building 
sector under the multi-objective: to achieve regulated carbon emissions reduction target set by government, as well as to realize 
the minimum incremental costs incurred by carbon emissions. The available alternative carbon emissions reduction strategies 
considered in this paper comprise adopting or upgrading low-carbon technologies, participating Emission Trading System (ETS) 
market, and releasing carbon dioxide violating environmental regulations. This work innovatively puts forward mathematical 
formulas to explore the impact of government environmental inspection on violations and accompanying loss of reputation. A 
typical four-star hotel in Shenzhen is selected as an actual case to investigate the proposed model based on empirical analysis. 
The result shows that the amount of non-complying emissions are the highest of 2388.4 tCO2/year, followed by LCT-mitigated 
emissions are 2112.3 tCO2/year, and yet emissions permits from ETS market are zero. The findings of this study can facilitate 
building owners formulate more reasonable and cost-effective strategies option to achieve the regulated carbon emissions 
reduction target. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference. 

Keywords: Carbon reduction Strategy; Decision-support model; Emission trading system (ETS); Low-carbon technologies; Non-compliance. 

 

 
*Corresponding author. Tel: +65 84326365. E-mail address: bdgsx@nus.edu.sg  

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.12.689&domain=pdf


308 Xiangnan Song  et al. / Energy Procedia 143 (2017) 307–312
2 Author name / Energy Procedia 00 (2017) 000–000 

1. Introduction 

China has witnessed a big increase in carbon emissions for the last two decades, recording 8.5 Giga ton CO2 in 
2012 with responsible for nearly three-quarters of global carbon emissions (Liu et al., 2015). Carbon emissions 
generated from the building sector is commonly appreciated as a major contributor (Chau et al., 2015), which is 
driven by the country’s large population, unprecedented development of urbanization, and continuously increasing 
demand in energy service (Shuai et al., 2017). 

With increasing concern for carbon emissions mitigation, the emphasis of the low carbon transition policies in 
China has gradually shifted from mandatory regulations to market-based mechanisms in recent years (Shen et al., 
2016). ETS allows building owners flexibly trade their excess or saved carbon emissions from the trading market. 
After the introduction of ETS, building owners who release excess carbon dioxide would have three carbon 
mitigation options to meet the required carbon reduction goals−adopting low-carbon technologies, purchasing 
carbon emission permits from ETS market, and irresponsibly releasing emissions at the risk of being punished. 
Selection any of above option will impose an additional burden on building owner’s expense. As a response, 
building owners will opt to a rational decision to minimize the whole losses due to emission reduction. Therefore, it 
is challenge for building owners to decide emissions strategies with minimal interruption to building operation and 
management. 

To bridge this gap, this paper aims to propose a multi-objective optimization model that helps building owners 
quantitatively assesses carbon reduction strategies to achieve emissions reduction target imposed by government 
with minimum incremental costs. Through this study, a comprehensive and reliable recommendation about carbon 
emissions reduction strategies option can be achieved in order to help owners formulate more appropriate decisions 
with external factors change. 

2. Optimization model setup 

2.1. Assumptions    

In practice, most of energy saving and emissions reduction measures in building sector involve certain behavioral 
and management issues, such as opening windows, turning off lights timely, adjusting air-conditioning temperature 
et al. Compared with the aforesaid three strategies, these management and behavior measures would not impose 
additional cost. So, if one building owner confronts a mandatory carbon emission target, these measures will be 
preferred. As for the decision-making problem, a major concern for building owners is to select and decide 
appropriate strategies among those actions imposed additional costs. So behavioral and management measures are 
outside the research scope of this paper. The scope of this study is limited to those public buildings released excess 
carbon emissions during the operation phrase with respect to the baseline value that is regulated by the government. 
Building owners in this research refer to those who are responsible for mitigating carbon emissions. When the 
building is rented, the responsible actor is a renter. 

Our initial research hypothesis was that if the enterprise release carbon emissions violating the environmental 
regulations and government just detect it, the issue of violation and the exact volume will be sure caught and 
punished by government. Second, building owners are aware of the energy consumption performance and the 
marginal abatement cost of their own buildings. 

2.2. Costs of different strategies 

The carbon emissions trading costs that are borne by building owners refer to costs for purchasing 1) carbon 
emissions permits, 2) transaction commission fee that is charged proportionately to the costs for purchasing 
emissions permit by the Emission Exchange, and 3) other related costs that include MRV costs, membership fee 
charged by Emission Exchange, staff training expense for trading practices, administrative costs, and so on. 
Accordingly, CET costs can be calculated with the mathematical formula as follows: 
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