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Figure 5. Solar PV project scope in SSA. 

 
II. Implementation of the SSA Project  
 
After the official launch of the SSA project, we also carefully executed overall planning in 
consideration of the fact that the plan is a project for collective private land development. 
This was in view of the past promotional experience of “Aqua Solar Farm” project to set up 
green energy on private lands, where a lack of relevant specification limits resulted in land 
and PV industry participants developing under a free market mechanism. This in turn led land 
development participants to collude with industry operators to falsely occupy feeder lines. All 
sorts of chaos occurred as participants did not install PV capacity yet were driving up the 
value of land and of feeders, or landholders would not obtain the protection of rights and 
obligations after leasing their properties. In order to effectively integrate and solve various 
problems, we officially implemented the SSA project in 2019 without preparing any budget. 
Through economic incentives, we selected qualified and competent investors to participate in 
this project, established a communication platform (Figure 6) between investors and 
landholders with administrative contracts to ensure the rights and obligations of both 
landholders and PV investors. This enabled landholders and PV investors to pursue private 
interests while also cooperating with the promotion of Pingtung’s green energy policy and 
pursuing comprehensive social interests. 
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Figure 6. Zero budget promoting model in SSA project 

 
(I) Regulating Investors to Fulfill Their Rights and Obligations 
 
This plan adopts an open tendering procedure in order to strengthen the process and scale of 
solar PV capacity in SSA, and to prevent inferior investors from unscrupulously attempting 
to sign an administrative contract and seriously damaging the rights and interests of the 
landholders. The contract formulates autonomous rules: in regulating project counseling 
participants when changing category of land for setting up solar energy, although 50% of the 
current value of the land announcement fee is waived (rebate fee), it must be paid in 
installments to the green energy fund in accordance with the commitment to the 
administrative contract. With regard to the application procedures of investors, we will 
conduct simultaneous examinations in conjunction with relevant departments. The land 
category change process, which took more than 12 months in the past, has been shortened to 
less than half a year, and this has greatly reduced the time cost of investors’ applications. 
 
(II) Method of Protecting the Rights of Landowners 
 
Private land shall be given priority for promotion in this SSA. Due to the large number of 
landowners in the SSA, they do not have a complete understanding of the background 
knowledge of PV installations on leased land and we have collected the relevant problems of 
PV installations on farmland in practice (including land category change procedures, 
taxation, agricultural insurance qualifications, and solar PV recycling). By building a digital 
platform, we have disclosed relevant information on the Internet. However, most local 
residents fall under the classification of digitally challenged senior citizens. Therefore, while 
in the early stages of plan implementation, we go to township offices to handle SSA project 
briefings with on-site explanations and answer to resolve public doubts. In addition, we also 
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use administrative contracts to require investors to set up special accounts for performance 
management trusts for landholders in order to protect their rights. 
 
(III) Regulating Land Use Methods of Investors 
 
Through the constraints of our “administrative contract,” the land leasing price can be 
maintained within a reasonable range. Moreover, before signing a land contract with the 
landholders, the investor must first explain to the landholders the method of land use, such as 
whether the land needs to be backfilled, and the source of the backfilled earth, so as to avoid 
illegal dumping and backfilling of the land without the government’s permit. After the 
investor’s acquisition of the land is completed, it can only be used to build PV facilities. In 
addition, after the 20-year feed-in tariff contract with Tai-power Company has expired, the 
landholder can also choose whether to continue to rent out the solar PV system according to 
the current setup or ask the investor to remove the solar PV facility and restore it to 
agricultural land. 
 
I. Promotion of Benefits of SSA Project 
 
(I) Centralized PV Facilities in SSA 
 
Since our implementation of the “SSA Project” in 2019, 4 Ultra High Voltage (UHV) booster 
stations have been completed, with a total capacity of 140MW officially generating 
electricity. According to the current transmission line usage in this area, it is estimated that 
there will be a potential of 1GW that can be connected to the grid in the future. Taking 
“Operator A” in Jiadong Township with the greatest volume currently as an example: at 
present, 99MW has been connected to the grid for power generation, and it can be seen from 
the distribution block of the investor’s solar PV capacity (Figure 7) that the case is 
concentrated in the area within 3 kilometers from the booster station. Thus, through 
centralized development, land fragmentation can be effectively avoided in other townships in 
Pingtung County. 
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Figure 7. Schematic diagram of the distribution of land and grid-connected lines for the case 

of “Operator A” in Jiadong Township 
 

(II) Extra Advantage for Environment from SSA Project 
 
As of October 2021, about 140 hectares of non-arable farmlands or fish farms in SSA have 
been replaced to solar PV power plants. While expanding the green energy industry, we can 
also reduce the situation in which farmland and fish farms extract groundwater for cultivation 
or irrigation. Currently, the scope of the Multi-function Land Use project covers about 110 
hectares of subsidence land with solar PV power plants. By letting the land lie fallow for 20 
years and reducing the extraction of groundwater to irrigate crops, land subsidence can be 
slowed down. According to WRA (2021(a)), the conversion can reduce extraction by 2.97 
million metric tons of groundwater annually. Similarly, in referring to the “Statistics on 
Aquaculture Area and Aquaculture Water Consumption” (WRA, 2021(b)), because there are 
also about 30 hectares of fish farms with PV, environmental benefits are seen as the 
conversion can reduce the extraction of 960,000 metric tons of groundwater for use as 
aquaculture fisheries every year. The calculation methods are as in Eq. (1) and Eq. (2). 
 

 
 
(III) Adapting to Local Conditions and a Friendly Environment 
 
Since the SSA has continuously sunk at the rate of 2 to 3cm every year, PV power plants are 
designed in a way that is adapted to local conditions and that is environmentally friendly 
(Figure 8), explained as follows: 

The Asian Conference on Sustainability, Energy & the Environment 2021 Official Conference Proceedings

ISSN: 2186-2311 83



1. From Figure 8-A. As this project adopts the principle of not changing the original 
topography to install solar equipment, therefore, for some subsidence areas that are prone to 
flooding, a design of elevated solar equipment is adopted. For example, see the highest 
booster station in the country (4 meters). 
 
2. Figure 8-B. This area is still in a state of continuous subsidence. According to the 
National Cheng Kung University’s Stratigraphic Subsidence Prevention and Control 
Information Network (Stratigraphic Subsidence Prevention and Control Information 
Network, 2021), the maximum subsidence rate in this area in 2020 was 3.3 cm per year. 
Therefore, in the design of PV equipment, the height and angle of the frame can be adjusted 
manually according to the subsidence of the ground. 
 
3. Figure 8-C. We can cooperate with the data monitoring plan of subsidence areas of 
the Water Resources Agency of the Ministry of Economic Affairs, and regularly provide 
microclimate monitoring data within the scope of the case, such as the amount of subsidence 
and flooding depth of individual cases. 
 
4. Figure 8-D. Considering the field of vision of local residents, this SSA is designed 
with a small inclination angle (7 degrees) to prevent glare and avoid affecting the safety of 
passers-by. 
 

 
Figure 8. Explanation of design features aligning with local conditions 

for solar PV capacity in SSA 
 

II. The Multi-Function Land Use Project  
 
(I) Diversified Solar PV Facilities 
 
The Multi-Function Land Use project is to utilize the available space of public facilities 
effectively (see Figure 9). This includes 9-A Floating PV on the detention pond, 9-B PV on 
the dike, 9-C PV on the landfill, and 9-D PV on covered court at schools. They all adopt the 
practice of installing renewable energy without affecting the functions of the original 
facilities. For example, the floating PV device on the retention pond, ground-mounted PV 
panels on the dike, landfill, and court at school. The first floating PV device with an installed 
capacity of 499 kW was built in Taiwan in 2016. Under the consideration of the Electricity 

The Asian Conference on Sustainability, Energy & the Environment 2021 Official Conference Proceedings

ISSN: 2186-2311 84



Act, if the installed capacity of the PV plant were over 500 kW, there would become a 
complicated application procedure. Therefore, the floating PV device installed with a 
capacity of 499 kW shows that this floating PV device is the first on-water PV device in 
Taiwan. The promotion of floating PV power plant also drives the local investor to invent 
floating devices spreading worldwide. 
 
The other benefits of floating devices are that the system is eco-friendly with animals. Birds 
will build their nest under solar panels and lay eggs; baby birds co-exist with the device to 
become new biodiversity. PV panels could reduce water evaporation by 70%, and the water 
cools down the system making it around 10% more efficiently. After monitoring the water 
quality, the retention pond has no adverse effect. 
 
(II) Setup of Biogas Power Generation on Livestock Farms 
 
Pingtung has the largest number of pig farms in the country (approximately 1,500), and the 
number of pigs raised is 1.22 million, ranking second in Taiwan (Council of Agriculture of 
the Executive Yuan, 2021). The livestock industry is well developed and is an important 
source of supply for Taiwan’s pork market. In the past, however, livestock raising bore a 
public perception that it discharges sewage and causes environmental pollution. We give 
active counseling to promote the recycling and reuse of livestock wastewater and cooperates 
with the installation of renewable energy such as solar PV capacity and biogas power 
generation. In this way, it can transform traditional livestock farms into clean, economically 
circular green energy livestock parks that effectively reduce the output of odor and that may 
also enjoy additional income from electricity sales. At present, 12 livestock farms in Pingtung 
County have installed biogas power generation with a capacity of about 1.5MW. 
 
The installed capacity of renewable energy in Pingtung now is 777 MW. The annual green 
power generates 1.28 billion (kWh/year), sufficient for 235,000 households' use. Reviewing 
the past ten years, we successfully created several milestones in each year, especially in 2016. 
The first Green Energy Promotion office was established to provide green power for the need 
for domestic electricity. By having Green Energy Promotion Office be the sole window to 
facilitate the process of administration, till now, the installed capacity of 777 MW is seven 
times higher than its quantity in 2016 (Figure 10). 
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Figure 9. Methods of combined use of solar PV capacity for various types of land 

 

 
Figure 10. Installed Capacity of renewable energy in Pingtung 

 
Conclusion 
	
After taking the lead in considering various factors such as laws and regulations, land, and 
grid connection, we put forward effective methods to confirm locations for the effective 
development of renewable energy and adopted two strategies according to local conditions. 
Furthermore, we coordinated the overall planning of the grid distribution to promote the 
project plan, indicating the limitations of renewable energy promotion. As of the end of 
November 2021, the county’s overall grid-connected renewable energy installed capacity has 
reached 777MW, of which the SSA project has been connected to the grid with 
approximately 140MW. The combined PV facilities include public sector and private 
installations. We are continuing to move towards the goal of using 100% renewable energy 
for people’s livelihoods, to supplement the possible power supply gap after the 
decommissioning of Taiwan’s third nuclear power plant in the future. 
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Abstract 
This study estimates the electricity consumption and related carbon dioxide (CO2) emissions 
for the buildings and facilities the main campus of the International University – Vietnam 
National University in Ho Chi Minh City, Vietnam. The AIM/Enduse model is used to 
calculate the CO2 emissions in 2019 based on the recorded electricity consumption and 
project the electricity consumption as well as the CO2 emissions for the two scenarios, 
namely 2030baseline and 2030mitigation, in 2030 based on the future strategic plan to 
evaluate the energy savings and CO2 mitigation potential for the university. We found that 
space cooling accounts for 67.9% of total electricity use, followed by laboratory equipment 
with 19.1%, official equipment with 9.4%, lifting with 1.7%, lighting with 0.4% and 
remaining services with 1.4%. If electricity efficiency technologies are applied, especially in 
space cooling service, then the electricity consumption and CO2 emissions in 2030 could be 
13% less than baseline scenario. Consumer behavior, particularly students, is also important 
in increasing the potential of electricity savings for the university. These findings for A1-A2 
buildings are necessary for IU-VNU in implementing energy savings and mitigation 
measures for the new building A3 to achieve sustainable investment and higher CO2 
mitigation potential. 
 
 
Keywords: Electricity Consumption, Co2 Emissions, Aim/Enduse Model, Bottom-up 
Approach, International University - Vietnam National University 
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Introduction 
 
International University – Vietnam National University Ho Chi Minh City (IU-VNU1), 
established in 2003, is the first public English-speaking university of Vietnam. The university 
has many twinning programs and exchange programs with other universities in United State 
(US), United Kingdom (UK), Europe (EU), Australia, Japan, etc. Therefore, it’s important for 
IU-VNU to learn and apply the energy savings practices from these countries. In which, 
improve energy efficiency, investing in innovative energy production technologies, increase 
young student’s energy and environmental awareness and reduce energy waste are considered 
as mitigation measures towards zero energy or even zero carbon communities by many 
university campuses all over the world. 
 
At service-specific level, Stefano (2000) evaluated the potential for energy efficient lighting 
to save energy and reduce CO2 emissions at Melbourne University, Australia; Abolarin et al. 
(2013) presented the energy efficiency improvement for lighting service at University of 
Lagos, Nigeria; and Gorgulu and Kocabey (2020) investigated the energy savings potential of 
lighting retrofit scenarios in outdoor lighting systems in Burdur Mehmet Akif Ersoy 
University, Turkey. Besides, Vásquez et al. (2015) conducted the evaluation of greenhouse 
gas (GHG) emissions and proposals for their reduction in travelling by different means of 
transport at Universidad de Talca, Chile. On the other hand, Park et al. (2016) proposed the 
optimal photovoltaic (PV) system implementation strategy to achieve the national CO2 
emissions reduction target in 2030 with a focus on educational facilities in South Korea. 
Moreover, Semprini et al. (2016) showed the importance of energy audit and management in 
heating system for University of Bologna, Italy; while Shea et al. (2019) provided the results 
of reducing air handling unit energy usage through controls-based energy efficiency measures 
for University of Dayton, US. 
 
At whole-building level, Chung and Rhee (2014) analyzed the potential opportunities for 
energy conservation in existing buildings on university campus in South Korea based on field 
survey of energy consumption patterns; Emeakaroha et al. (2014) performed the role of a 
novel integrated system combining human psychology with technology feedbacks to assist 
real time energy conservation for University of Kent, UK. Moreover, Escobeto et al. (2014) 
estimated energy consumption and related GHG emissions for the buildings and facilities of 
the main university campus at the National Autonomous University of Mexico; Yeo et al. 
(2019) estimated the energy efficiency of educational buildings with the case study of 
buildings in City University of Hong Kong, China; while Liu and Ren (2020) conducted the 
research on the building energy efficiency design strategy of Chinese universities based on 
green performance analysis; Mohammadalizadehkorde and Weaver (2020) quantified 
potential savings from sustainable energy projects by an energy efficiency assessment for 
Texas State University, US. Besides, Olivieri et al. (2020) studied the potential of installing 
PV distributed generation towards an emission-free supply at Universidad Politécnica de 
Madrid, Spain. Moreover, Mytafides et al. (2017) discussed about the transformation of a 
university building into a zero energy building in Mediterranean climate under the context of 
EU energy efficiency initiatives. Kolokotsa et al. (2018) summarized the energy technologies 
and performance in different university campuses, with detail study for Technical University 
of Crete, Greece. 
 

																																																													
1 International University – Vietnam National University Ho Chi Minh City 
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It’s worth noticing that educational buildings have high potential in energy savings and GHG 
emissions reduction. Following these studies, this research aims to conduct a GHG inventory 
and projection for existing buildings (A1 and A2) in the main campus of IU-VNU. Different 
scenarios are developed with various assumptions on using conventional technology and 
applying advanced technology that are needed to comparison between the level of energy 
consumption and GHG emissions in base year 2019 as well as in target year 2030. These 
assumptions are not simply concerned with energy-efficient devices for less GHG emissions, 
but also include selection of economic efficient technologies to ensure a profitable operation 
for the university.  
 
Overview of Energy Consumption in IU-VNU 
 
Ho Chi Minh City (HCMC2) has a tropical weather with the warmest months are April-May 
and the coldest months are December-January. Figure 1 shows the monthly average 
temperature measured at Tan Son Hoa station in HCMC for the past fifteen years (the 
thermometer is located at two meters above the ground), in which the average temperature 
varies typically between minimum 25.9 degrees Celsius in January and maximum 31.3 
degrees Celsius in May. In the base year 2019, (red line-with-markers in Figure 1), the 
temperature increased to be hotter than previous years in most of the months. The record 
shows that the weather in HCMC is getting hotter, that might lead to the increasing demand 
in electricity for cooling service.  
 

 
Figure 1. Monthly Average Temperature over 15 Years in Ho Chi Minh City, Vietnam 

 
IU-VNU is paying energy bills for activities in buildings and facilities as well as transporting 
faculties and staffs by shuttle buses, in which more than 80% of energy bills is for electricity. 
Figure 2 shows the record of total electricity consumption in IU-VNU in five-year period 
(2016-2020) based on electricity bills. There is an increasing trend in electricity consumption 
with 1.9% - 6.2% increasing rate annually; from 2.23 GW in 2016 to 2.28 GW in 2017, 2.42 
GW in 2018 and 2.52 GW in 2019. However, in 2020 when Covid-19 pandemic happened, 
the university had to switch to online study for several months, leading to 11.3% reduction of 

																																																													
2 Ho Chi Minh City 
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electricity consumption compared to 2019. This is the reason why we chose 2019 as the base 
year for this study to reflect the actual image of electricity consumption of the university 
without the pandemic. Moreover, we can observe that April and October are the two months 
that have highest electricity consumption since these are the examination months where more 
students gather at the campus; and August has the lowest electricity consumption since this is 
the summertime where only several summer classes are held. 
 

 
Figure 2. Total Electricity Consumption in IU-VNU 

 
Body 
 
Several methods for analyzing energy consumption in educational campuses are reviewed 
and compared. A framework is conducted by Koo et al. (2014) to analyze the effect of 
energy-saving techniques at the current point as well as in different scenarios at the future 
point for selected educational facilities. However, this study only focuses on three energy-
saving techniques for three services: space heating and cooling, lighting, and room electricity. 
Besides, the optimization process using a genetic algorithm only considers the financial 
aspects (initial investment cost, net present value, and saving-to-investment ratio). On the 
other hand, Ascione et al. (2017) study the role of cost-effective refurbishment through a 
multi-step and multi-objective optimization in calibrated numerical models. This study 
expands the consideration to not only costs, incentives, indoor comfort, but also energy 
demands for heating and cooling. However, the proposed methodology is not user-friendly 
since it requires expertise in building energy modelling as well as in the implementation of 
the employed optimization algorithms.  
 
In term of GHG mitigation, a more general framework for the assessment of carbon 
footprints along with overall sustainability in educational campuses is developed by Jain et al. 
(2017). A broader view is considered based on experts’ opinion and literature review in 
weighting and scoring twenty-four indicators that cover four components of sustainability. 
The framework is applied for TERI University (New Delhi, India) and show the result on 
annual emissions per capita. This is important for the comparison with other universities to 
encourage the emission reduction within the campuses. Nevertheless, the role of technology 
aspect is not described in detail. In contrast, Ocampo Batlle et al. (2020) developed a method 
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to estimate baseline energy use and quantify savings in electrical energy consumption by 
taken into account types of activities carried out in the building, weather conditions, building 
materials, air conditioning system and occupancy. The results on energy savings potential, 
GHG emission reduction and economic benefit are extensive for a university towards 
sustainable existence. 
 
AIM/Enduse Model 
 
In this study, we try to bridge the methodological gaps of previous studies and obtain 
aforementioned results for IU-VNU. AIM/Enduse model (Hanaoka et al. 2015) is used to 
calculate the level of electricity consumption as well as CO2 emissions in A1 and A2 
buildings if IU-VNU main campus with distinct scenarios: base year 2019, 2030baseline and 
2030mitigation scenarios. The difference of two scenarios for 2030 is the share of using 
technologies, which means that the transfers from conventional to advanced technologies are 
assumed in IU-VNU buildings in the near future so as to reduce the energy consumption and 
mitigate the CO2 emissions. 
 
The AIM/Enduse model, developed by National Institute for Environmental Studies (NIES) 
in Japan, is an optimization linear programing approach with detailed technology selection 
framework within an energy-economy-environment system. This is a bottom-up approach 
considering not only the financial aspects (costs of technologies, energy price, taxes and 
subsidies) but also technical aspects (service demands, lifetime, share of technology 
diffusion) as well as market availability of the technology (stock quantity). There are excel 
files for data input and output as a user-friendly platform instead of running the AIM/Enduse 
model via General Algebraic Modeling System (GAMS) program. 
 
The main function for cost optimization is shown in Eq.1, followed by various constraints 
such as service demand (Eq.2), stock dynamics (Eq.3), emission quantity (Eq.4 and Eq.5), 
energy supply (Eq.6 and Eq.7), and service share (Eq.8 and Eq.9). 
 
Total cost = Initial investment cost ($) + Operating and maintenance cost ($/year) 

        + Energy cost ($/year) + Payment for energy tax ($/year) + Payment for 
emission tax ($/year)        
 (Eq.1) 

𝑫 𝒋 ≤ 𝑨 𝒋, 𝒍 ∗ 𝑿 𝒍𝒍         (Eq.2) 
where:  
𝐷 𝑗 : Service demand quantity of service type j 
𝐴 𝑗, 𝑙 : Output of service j per unit operation of device l 
𝑋 𝑙 : Operating quantity of device l 
 
𝑺 𝒍 = 𝑺 𝒍 ∗ 𝟏− 𝟏

𝑻(𝒍)
+ 𝒓(𝒍)−𝒘(𝒍)      (Eq.3) 

where:  
𝑆 𝑙 : Stock of device l 
𝑆 𝑙 : Stock of device l in the previous year 
𝑇 𝑙 : Lifetime of device l 
𝑟 𝑙 : Recruited quantity of device l 
𝑤 𝑙 : Retired quantity of device l 
 
𝑸 𝒎 = 𝑿 𝒍 ∗ 𝒆 𝒍,𝒎𝒍         (Eq.4) 
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𝑸𝒎 𝒎 ≤ 𝑸 𝒎          (Eq.5) 
where:  
𝑄 𝑚 : Emission of gas m 
𝑒 𝑙,𝑚 : Emission of gas m per unit operation of device l 
𝑄 𝑚 : Maximum limit on emission of gas m 
 
 
𝑬 𝒌, 𝒍 ∗ 𝑿 𝒍 ≤ 𝑬𝒎𝒂𝒙 𝒌         (Eq.6) 
𝑬 𝒌, 𝒍 ∗ 𝑿 𝒍 ≥ 𝑬𝒎𝒊𝒏 𝒌         (Eq.7) 
where:  
𝐸 𝑘, 𝑙 : Energy use of energy k per operating unit of device l 
𝐸!"# ! : Maximum supply quantity of energy k 
𝐸!"# ! : Minimum supply quantity of energy k 
 
𝜽𝒎𝒂𝒙 𝒋, 𝒍 ∗ 𝑨 𝒋, 𝒍′ ∗ 𝑿 𝒍′𝒍! ≥ 𝑨 𝒋, 𝒍 ∗ 𝑿 𝒍𝒍      (Eq.8) 
𝜽𝒎𝒊𝒏 𝒋, 𝒍 ∗ 𝑨 𝒋, 𝒍′ ∗ 𝑿 𝒍′𝒍! ≤ 𝑨 𝒋, 𝒍 ∗ 𝑿 𝒍𝒍      (Eq.9) 
where: 
𝜃!"# 𝑗, 𝑙 : Maximum share of device l in service j 
𝜃!"# 𝑗, 𝑙 : Minimum share of device l in service j 
 
Data Collection and Assumptions 
 
Due to the data availability, this study only focuses on electricity audit and electricity related 
CO2 inventory and projection. The end-use electricity consumption is necessary to discover 
the energy savings potential when technological change is implemented. In buildings and 
facilities, the main electricity consumption services are elevation, lighting, water heating, 
space cooling, refrigeration, office equipment, laboratory equipment, miscellaneous. 
 
In the current seven-floors A1 and A2 buildings, there are forty-four classrooms, sixty-two 
administrative offices, sixty laboratories, two libraries, four food courts and one separated 
canteen that provides services for nearly five hundred staffs and faculties as well as more 
than nine thousand students. Table 1 shows the current status of facilities and devices in IU-
VNU with total electricity consumption capacity. 
 
Facility Device/Area Quantity Unit Unit capacity 

(kW) 
Total capacity 

(kW) 
Elevation Elevator 8 elevator 7.5 60.0 
Laboratory Equipment 60 lab. 20.0 1,200.0 
Classroom 50-seats  24 room 2.0 48.0 
 90-seats 12 room 2.2 26.4 
 150-seats 4 room 2.8 11.2 
 170-seats 4 room 3.0 12.0 
Office room 30m2  30 room 2.5 75.0 
 60m2 22 room 4.0 88.0 
 93m2 10 room 6.0 60.0 
Library 1,160m2 2 room 5.0 10.0 
Lobby Light 1,500 light 0.009 13.5 
 Water heater 28 heater 1.0 28.0 
Streetlights Lights 35 light 0.1 3.5 
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Space 
cooling 

Air conditioner 319 air 
conditioner 

2.4 780.0 

Others Pumps - pump 20.0 20.0 
Total     2,425.6 

Table 1. Number of Facilities and Devices in A1 and A2 Buildings of IU-VNU in 2019. 
 

Based on the total electricity consumption in 2019 (as shown in Figure 2) and the list of 
electricity service demand (as summarized in Table 1), a breakdown of electricity 
consumption by service is conducted for IU-VNU and is compared with other university’s 
electricity consumption structure (as shown in Table 2). For universities located in tropical 
regions, the largest electricity consumer is air conditioning. Therefore, it’s necessary to 
discover the energy savings potential in this service, especially under the context of warming 
climate that leads to increasing cooling demand. 
 

Service 

Electricity consumption structure (%) 

IU-
VNU 
(2019) 

National 
Autonomous 

University of Mexico 
(Escobedo et al. 2014) 

City University 
of Hong Kong 

(Yeo et al. 
2019) 

Universiti 
Malaya 

(Birkha Mohd 
Ali et al. 2021) 

Lighting 0.4 33.6 34.5 18.0 
Air conditioning 67.9 4.4 32.3 34.0 
Computer equipment 9.4 4.9 - 10.0 
Lifting 1.7 - - 7.0 
Refrigeration - 16.9 - 6.0 
Laboratory equipment 19.1 15.2 14.5 18.0 
Miscellaneous 1.4 4.1 18.7 7.0 
Motors - 2.3 - - 
Space heating - 0.4 - - 

Table 2. Electricity Consumption Structure by Services in Educational Buildings 
 

To discover the potential of energy savings and GHG emission mitigation in IU-VNU, three 
scenarios are developed with different assumptions, especially for the future projections. The 
2030baseline scenario measures the level of consumed energy and GHG emissions with the 
existing technologies and the 2030mitigation scenario with the replacement to advanced 
technologies in target year 2030. In 2030baseline scenario, there is assumption that the share 
of electricity-intensive equipment will decrease in 1% -20% of usage, and the electricity-
saving devices are assumed to be increased at the same rate. In addition, in 2030mitigation 
scenario additional replacement of conventional technology will be added with 3-35% more 
than 2030baseline’s level, even with the elimination of some conventional devices. Table 3 
summarizes the value of main parameters to be inputted in the AIM/Enduse model for the 
calculation. 
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Parameter Unit 
Value Explanation 

2019 2030 
baseline 

2030 
mitigation  

Emission 
tax USD 0 0 50 Only applied for 

mitigation scenario to 
consider measures 
towards emission 
reduction, for the cost 
optimization in Eq.1 

Energy tax USD 0 0 50 

Technology 
discount 
rate 

% 33 33 33 

For the annualization of 
investment cost in Eq.1 
(assume average 3-year 
payback period for 
technology investment) 
(high discount rate) 

Emission 
factor 

tCO2eq 
/toe 5.5 5.2 5.2 

Emission factor of 
electricity generation in 
2019 is declared by the 
Climate change 
department of Vietnam. In 
2030, Vietnam increases 
the contribution of 
renewable energies in 
power generation 
structure, thus we assume 
the emission factor will be 
lower. 

Electricity 
price 

1,000 
USD/toe 0.51 0.77 0.77 

Electricity price in 2019 is 
based on the actual price 
(0.08 USD/kWh). In 2030, 
the price is estimated to 
increase 1.5 times 
compared to 2019. 

Total 
electricity 
service 
demand 

toe 2,571 3,857 3,857 

Service demand in 2019 is 
based on the actual 
demand. In 2030, the 
service demand is 
estimated to increase 1.5 
times compared to 2019 to 
follow the increasing 
trend. 

Device 
share % 

Based on 
actual 

calculation 

Reduction of 
conventional 
technologies 

Total share of devices for 
each service is 100%. 
There is increasing share 
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of advanced (high-
efficient) technologies for 
the replacement of 
conventional technologies. 

Table 3. Assumptions of Main Parameters in AIM/Enduse Model for IU-VNU 
 
 
Electricity Consumption 
 
Under the increasing service demand in space cooling, laboratory equipment, office 
equipment, lighting and others, the electricity demand for these services also increases 
relatively (as shown in Figure 3). The main electricity consumption services are space 
cooling, laboratory equipment and office equipment, with the increasing level in 2030 is 1.5 
times compared to 2019. 
 

 
Figure 3. Service Demand and Electricity Consumption 

 
The total electricity consumption in 2019 is 5,142.46 toe with the highest consumption comes 
from space cooling with 3,493.87 toe (67.9%) and the smallest consumed amount is lighting 
with 19.83 toe (0.4%). The second and the third highest electricity consumption are 
laboratory equipment and office equipment with the figures of 984.37 toe and 485.72 toe, 
respectively. In 2030baseline, the main electricity consumers are still space cooling, 
laboratory equipment and office equipment with 1.2 – 1.5 times higher than 2019. Under the 
assumption of device replacement from conventional to advanced technologies, the electricity 
consumption in 2030mitigation is reduced 13.0% compared to 2030baseline. Detail of 
electricity consumption by services in different scenarios are described in Table 4. 
 

Service 2019 
2030 

baseline 
2030 

mitigation 
2030baseline/ 

2019 
2030mitigation/ 

2030baseline 
Space cooling 3,493.87 4,426.35 3,523.89 1.27 0.80 
Laboratory 
equipment 984.37 1,476.55 1,476.55 1.50 1.00 

The Asian Conference on Sustainability, Energy & the Environment 2021 Official Conference Proceedings

ISSN: 2186-2311 97



Office 
equipment 485.72 728.58 728.58 1.50 1.00 

Lifting 88.15 132.23 132.23 1.50 1.00 
Lighting 19.83 29.75 29.75 1.50 1.00 
Others 70.52 105.78 105.78 1.50 1.00 
Total 5,142.46 6,899.24 5,996.78 1.34 0.87 

Table 4. Electricity Consumption by Service in Three Scenarios (toe) 
CO2 Emissions 
 
Among the services, space cooling is the largest electricity consumer, and thus the biggest 
emitter compared to other services. Besides, this is the only service that has the potential of 
electricity savings as well as emission mitigation that contribute to the reduction potential of 
IU-VNU. With 20% reduction of electricity consumption in space cooling service, it helps to 
reduce 13% of total electricity consumption in IU-VNU and leads to 13% reduction of CO2 
emissions. Detail of CO2 emissions by services in different scenarios are presented in Table 5. 
In which, space cooling is the biggest emitter with 67.94% of total emissions, followed by 
laboratory equipment and office equipment with 19.14% and 9.45% contribution, 
respectively. The remaining services (including lifting, lighting and others) contribute 3.47% 
of total emissions in IU-VNU. 
 

Service 2019 
2030 

baseline 
2030 

mitigation 
2030baseline/ 

2019 
2030mitigation/ 

2030baseline 
Space cooling 19,151.76 23,017.00 18,324.21 1.20 0.80 
Laboratory 
equipment 5,395.84 7,678.06 7,678.06 1.42 1.00 

Office 
equipment 2,662.48 3,788.61 3,788.61 1.42 1.00 

Lifting 483.21 687.59 687.59 1.42 1.00 
Lighting 108.72 154.71 154.71 1.42 1.00 
Others 386.57 550.07 550.07 1.42 1.00 
Total 28,188.57 35,876.03 31,183.25 1.27 0.87 

Table 5. CO2 Emissions by Service in Three Scenarios (tCO2eq) 
 

Contribution of Technology Change in the Reduction of Electricity Consumption and 
Co2 Emissions 
 
In each service, we assumed that there are conventional and advanced devices available in the 
stock for the AIM/Enduse model to select. The selection is based on the actual specification 
of the devices including their lifetime, costs, electricity intensity as well as the assumption of 
their shares for the contribution to meet the service demand. Generally, in 2030baseline 
scenario we assumed that the share of electricity-intensive devices will be reduced 1%-20% 
compared to 2019 as the tendency of replacing end-of-lifetime devices by the new devices 
that are available on market, in which the new devices will be more energy-efficient than the 
old ones. Moreover, in 2030mitigation scenario this reduction will be 3%-35% added, 
assuming that IU-VNU will actively replace old devices that highly consuming electricity 
with electricity-saving devices even though those old devices are still workable. Under this 
assumption, there will be some old devices that will be completely eliminated and replaced 
by newly advanced technology. 
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Particularly, for space cooling, which is the service that has the highest potential of energy 
savings as well as CO2 mitigation, the centralized electricity-intensive 2-piece air 
conditioners will be replaced by decentralized electricity-saving air conditioners and steam 
fans with lower electricity consumption. The switch from centralized to decentralized 
operation will promote the role of end-users in controlling the devices.  
 
Besides, in office equipment, 2030mitigation scenario assumes that IU-VNU uses electricity-
saving printers and photocopies whereas continue using several types of electricity-intensive 
devices. However, the university is planning to establish a central printing and copying room 
where most of the printing works will be done in this room to increase the effectiveness of 
this service for the whole university, instead of the current status where administrative and 
faculty offices have their own devices. Another service where technology change can be 
implemented is lighting. Currently, the fluorescent lamp consumes more than 50% compared 
to LED lamps; therefore, the replacement of the fluorescent lamp by LED lamps is necessary 
to increase the electricity savings potential in this service. In contrast, lifting service may not 
have technology change since the elevators were installed permanently.  
 
The Role of End-Users in Electricity Saving 
 
From the analysis of technology contribution, we could realize the importance of end-users in 
reducing the electricity consumption, especially in the services where technology change is 
difficult to be implemented. Therefore, an online survey was conducted with the targeted 
group is students at IU-VNU since this is the largest group of electricity users. Nearly five 
hundred students from different batches answered the questions related to the frequency of 
using electricity, type of devices, duration and purpose of usage as well as their opinion on 
the electricity saving actions within the campus. 
 
In student’s evaluation on the usage frequency of electrical equipment, air conditioners are 
the most used equipment with 94.46%, followed by lighting equipment with 87.30% in an 
average time of using from 2 up to 5 hours per day. Public electricity networks (electrical 
sockets along the corridor) with 69.28%, laboratory equipment with 23.56%, office and 
auditorium with 21.71%, which are rarely used in an average usage less than 2 hours. There 
is difference in the percentage of consumption between student’s evaluation and electricity 
audit. For instance, the laboratories equipment is continuously operated day by day, so in the 
technology aspect the energy consumption of those equipment is a large amount. However, as 
the students use the equipment only in their lecture time, the frequency for using laboratory 
equipment is low in their evaluation.  
 
In general, the use of electrical equipment mainly serves the learning purposes, so the energy 
consumption of the students’ activities are considered to be a reasonable amount. The 
consumption of laboratories equipment is uncontrollable as the frequency of usage not only 
in office hours but also during nighttime.  
 
Conclusions 
 
The electricity consumption structure of IU-VNU is analyzed to discover the electricity 
savings and CO2 mitigation potential in 2030, especially in space cooling service that 
consumes electricity the most. The technology transfer from conventional to advanced 
devices will bring energy efficiency as well as environmental and economic benefits. Under 
the assumptions in this study, IU-VNU can achieve 13% reduction of electricity consumption 
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as well as CO2 emissions, that lead to nearly 1.5 billion Vietnam Dong (nearly 70,000 USD) 
savings annually. This saving money can be used for replacement of conventional to 
advanced energy-saving devices. Moreover, consumer behavior change, particularly in 
students, will greatly contribute to the success of electricity saving actions within the campus. 
Since IU-VNU is constructing a new building (namely A3), the findings in this study will be 
useful for the selection and installation of devices, especially for air-conditioners and office 
equipment when A3 building will become administrative building and A1-A2 buildings will 
be for classrooms and laboratories. 
 
This study remains several limitations due to the lack of information for all electrical devices 
used in IU-VNU campus (such as at canteen and parking lots). Moreover, the availability of 
devices in the stock market for 2030 and the share of devices is subjectively assumed. 
Therefore, In terms of data uncertainty associated to CO2 emissions, we can refer to the 
method and reference from IPCC (International Panel on Climate Change 2019), in which the 
average uncertainty for electricity consumption and related emission factor is 18%. 
 
This study suggests that university should have annual energy audits for all activities within 
the campus, with the installation of smart meters at various points. Moreover, a record of all 
electrical devices with detail specification should be kept and updated frequently. In addition, 
a participatory planning process (integrating end-users such as faculty, staff, and students) 
should also be implemented to increase consumer’s awareness and engagement in reducing 
energy waste towards sustainable energy-use campus. Since the solar energy is having 
incentives from the Vietnamese government, it’s worth noticing that IU-VNU may install the 
roof-top solar panels to reduce the electricity dependence on grid power. 
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