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Abstract. Several concerns about energy have been discussed during recent 
decades, such as the shortage of traditional energy resource, increase of energy 
price and destruction of the living environment. To solve these problems, sus-
tainable development of energy become a preferential task all around the world. 
Under current circumstances, applying energy saving measures and using re-
newable energy resource are two of the best choices. The goal of this study is to 
assess the potential of applying energy saving measures and adding renewable 
energy resource for the campus of Lund University in Sweden. Energy con-
sumption simulations towards representative buildings were performed for both 
current and future climatic conditions, meanwhile, investigating the potential of 
adding solar and wind energy. For energy saving perspective, results show that 
adding insulation material to old walls, adjusting heating and cooling set points, 
applying high-efficient heat recovery system, and adding shading devices 
would have significant effects. Effects of future climatic conditions on heating 
and cooling energy consumption are considerable. From adding renewable en-
ergy resources perspective, results show that the campus of Lund University 
have enough potential to applying solar and wind energy resources by installing 
PV systems and small-scale wind turbines. Besides, future climatic condition 
would not have huge or certain influence on renewable energy applications. 
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1 Introduction 

The European Union set up the target to reduce the greenhouses gas emissions and 
innovated the 20-20-20 strategies, which points out that the EU countries must reduce 
20% greenhouse gases emissions, 20% building primary energy and increase renewa-
ble energy usage by 20% between 1990 and 2020 (Karlsson et al, 2016).  

With the fast growing of housing demand in Sweden, the energy demand of building 
consuming increase dramatically. Approximately 40% of total energy use in Sweden 
were used for building operation and 8% of it were used for construction process 
(Berggren & Wall, 2011). A study by Langer et al. (2015) shows that the amount of 
energy-efficient buildings like passive houses has been increased rapidly to 7.2% of 
total amount of buildings in Sweden. These indicate that energy demand of buildings 
has been highly concerned and the energy-efficient building would develop quickly 
and become popular in Sweden. Applying more renewable energy resource also plays 
a significant role in having a brighter future. In Sweden, several areas are inside or 
near arctic circle with extreme cold climate, which demand more energy than other 
areas to keep a satisfied indoor environment. Thus, it is of immense importance to 
assessing the renewable energy potential for environment protection and sustainable 
development.  

This work investigates the potential of applying energy saving measures and adding 
renewable energy resources in the campus of Lund University in Sweden, for current 
and future climatic conditions.  

2 Energy saving techniques  

The efficiency of retrofitting measures as it would be affected by plenty of parame-
ters, like location, climate and so on. Nik et al. (2016) pointed out nine retrofitting 
measures which are applicable for residential buildings in Sweden for current and 
future climate. One key point for recognizing the proper building retrofitting tech-
niques is their long-term benefits (Nik et al. 2016). Previous study for buildings in the 
campus of Lund University assessed the long-term performance of various energy 
retrofitting measures for exterior wall and roof for current and future climate condi-
tions (Jensen 2016). Results predict a heating energy saving of 20-30% for wall retro-
fitting and 5% for roof. It shows that the retrofitting measures are economically infea-
sible but environmentally beneficial. 

Except wall retrofitting, window change is also an important measure for energy sav-
ing. Poor windows and frames could lead to several problems, such as draught and 
acoustic. Also, window with poor water tightness would have the risk of moisture 
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problem. Cuce (2017) shows that about 33% of heat could be saved by using airtight 
windows. Many recent researches show that windows and shading devices with opti-
mized design would significantly reduce energy consumption and increase thermal 
comfort (Stevanović, 2013). Due to office buildings are popular to be designed with 
large glazed windows, most of the related researches were performed for office build-
ings (Atzeri et al. 2014). 

3 Renewable energy resource application  

Covering the energy demand of buildings, especially in cities and urban areas, 
through greater application of decentralized energy systems is a developing topic. 
Perera et al. (2016 & 2017) have shown the potentials of Energy-Hubs for integrating 
larger shares of renewable energy sources. Applying solar energy resource is a new 
rising trend of urban development. The solar photovoltaic (PV) systems have rapidly 
developed in the 21st century. The domination of the PV module market was modules 
made by traditional technologies such as crystalline silicon. New raised PV module 
technologies are also applied worldwide (Baharwanni et al. 2015). The method for 
quantifying the solar potential which presented by Compagnon (2004) is setting up 
threshold values to qualify external envelope of buildings for active or passive heat-
ing, photovoltaic electricity production and daylighting. Based on Lund Solar map 
(Kraftringen, 2012), Kanters and Wall (2014) presented a new threshold value for 
acceptable categories.  

Wind energy is also one of the most popular renewable energy resources. Almost 15-
30% of total electricity production is generated by wind power in some European 
countries (IEA, 2013) (Higgins & Foley, 2014). Although hydropower and nuclear 
power take a great proportion in electricity supply in Sweden, an enlargement of re-
newable energy use has come into sight from the 21st century, in which wind power 
contribute the most. In 2016, 605 MW of new wind power has been installed in Swe-
den. The total wind power of 6422 MW was distributed over 3335 projects in Sweden 
until 2016 (Swedish Energy Agency, 2016). Following the development of wind en-
ergy application technology, small-scale wind energy generators has made significant 
and speedy development (Rolland & Auzane, 2012). The main advantages of invest-
ing in small-scale wind turbines are generating electricity for personal need and re-
duce energy dependence on unrecycled energy source like fossil fuel. Also, it is ap-
preciated to make personal or corporate contribution to the environment of human 
lives (Thorstensson, 2009). 

4 Assessing energy retrofitting and renewables in the campus 

In this study, the main focus of energy simulation was on two representative buildings 
inside the campus, Maskinteknik huset (M-huset) and Ingvar kamprad designcentrum 
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(IKDC). M-huset is a historical old building and a representative building of all build-
ings in LTH campus which were built in 1960s. The IKDC was completed in 2002, 
with a modern construction and large window. The focus of assessing renewable en-
ergy potential was on several buildings inside the campus.  

Weather data is a necessary element to assess the building energy performance as well 
as the potential of renewable energy generation. A method for the impact assessment 
of climate change of buildings was suggested by Nik (2016), which is based on syn-
thesizing one typical and two extreme weather data sets out of regional climate mod-
els (RCMs): Typical Downscaled Year (TDY), Extreme Cold Year (ECY), and Ex-
treme Warm Year (EWY). More than energy simulations, the application of the 
method has been also verified for hygrothermal simulations in buildings (Nik, 2017). 
Representative weather data were generated for 2009-2038, 2039-2068, and 2069-
2098 and used for energy simulation in IDA ICE energy, solar potential simulation in 
DIVA for Rhino, PV output simulation in System Advisor Models, and wind analysis 
in WRPLOT View.  

4.1 Energy consumption simulations 

The energy models for IKDC and M-huset (see figure 1) were made in IDA ICE and 
simulated for current and future weather conditions, for more details on modelling 
buildings, the reader is referred to Huang and Yang (2017). Several retrofitting build-
ing technologies (in table 1) were assessed to reduce the energy consumption based 
on the simulated model. 

 

Figure 1: IDA ICE 3D model: IKDC in the left, M-huset in the right.  

Table 1 Retrofitting building technologies applied to M-huset. 

 
Type Original condition Retrofitting condition 

Case 1 
Adding insulation material 

to walls 
Thermal transmittance: 2.21 

W/(m2K) 
Thermal transmittance: 0.103 

W/(m2K) 

Case 2 Changing windows 
Thermal transmittance: 1.37 

W/(m2K) 
Thermal transmittance: 0.79 

W/(m2K) 

Case 3 
Adjusting temperature set 

point 
15°C for heating, 27°C for 

cooling 
14°C for heating, 28°C for cooling 

Case 4 Improving heat recovery Heat recovery rate of 60% Heat recovery rate of 80% 
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system 

Case 5 Adding exterior shading - 
Adding “drop arm awing” shading 

device 

4.2 Renewable energy potential assessment 

Efficient PV panels has been installed on M-huset in 2014 (MonoX Neon PV panels 
and inverters from Fronius SYMO). With the total area of 1050 m2, the estimated 
peak power is about 191 kWp and annual production is approximately 182,000 kWh. 
Based on outdoor temperature, solar radiation, and PV output in 2015 recorded by 
Akademiska Hus, PV panel simulation was run in System Advisor Model (SAM). 
The losses of electricity generation were adjusted based on the measured PV output 
data. This model was then used for parametric study of electricity consumption cover-
age proportion (covering whole consumption in May when both radiation and con-
sumption are high and in December when radiation is lowest in the year), and future 
scenarios (2009-2098).  

To analyze the wind variation in Lund, the histogram of wind frequency distribution 
in the reference year was generated in WRPLOT View. As big scale wind turbine is 
not available to install inside campus for space limitation, small scale wind turbines 
were taken into comparison of different rated power wind turbines and estimation of 
wind potential. Three wind turbines with vertical blades and two wind turbines with 
horizontal blades from Aeolos Company were chosen in this study. For more details 
on characteristics, the reader is referred to Huang and Yang (2017). Power-Wind 
speed diagram from product catalogue for different products were used for individual-
ized but representative simulations. 

5 Results of assessment in the campus 

5.1 Energy consumption simulations 

After comparing measured energy consumption data received from Akademiska Hus 
and simulated energy consumption data gathered from IDA ICE for M-huset, the 
simulating model with annual heating demand, annual cooling demand and annual 
electricity demand of 79.8 kWh/m2 year, 7.37 kWh/m2, and 79.6 kWh/m2 year is re-
ferred to the reference model. Results for the IKDC could be found in Huang and 
Yang (2017). Effects of energy retrofitting measures for M-huset on the annual heat-
ing demand and the annual cooling demand is plotted in figure 2, including adding 
insulation material to old walls (case 1), changing windows (case 2), adjusting tem-
perature set point (case 3), Improving heat recovery rate (case 4), and adding shading 
device (case 5). When applying all five measures together for M-huset, the annual 
heating consumption reduced by 27% from 2,267,501 kWh/year to 1,662,628 
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kWh/year and cooling consumption reduced by 12% from 209,432 kWh/year to 
184,306 kWh/year.  

 

Figure 2: Energy consumption variations of M-huset when applying energy saving measures 

Energy consumption variations for M-huset in future weather condition of typical 
downscale year (TDY) are shown in figure 3, results for the IKDC could be found in 
Huang and Yang (2017). 

 

Figure 3: Energy consumption variations of M-huset in TDY weather file for different period. 

5.2 Renewable energy potential assessment 

The annual solar radiation of M-huset and the IKDC are showed in figure 4 (results of 
other simulated buildings could be found in Huang and Yang (2017)).  

 

Figure 4: Annual solar radiation of the IKDC and M-huset. 

Although energy generation of the simulated data and the measured data received 
from Akademiska Hus varies in different months, the accumulated data are almost 
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overlapping curves. Thus, the simulated case with an annual PV generation of 
191,445 kWh is defined as base case for M-huset for further assessment. Parametric 
simulations for covering different coverage proportion of electricity consumption in 
M-huset are showed in figure 5. Information of the adjusted and simulated PV mod-
ules are listed in table 2. Case a is the scenario when monthly PV generation equal to 
monthly electricity consumption in M-huset in May. In this case, electricity consump-
tion in M-huset during May to August can be covered by PV panel, which need 7.4 
times bigger scale of the existent PV. Case b is the scenario when monthly PV gen-
eration equal to monthly electricity consumption in M-huset in December. In this 
case, electricity consumption in M-huset during the entire year could be covered by 
PV panel. However, it need 94.8 times bigger scale of the PV already installed.  

Table 2: Information of parametric simulated PV modules. 

Case Nameplate capacity [kWdc] Number of modules Total module area [m2] 

Reference 192 648 1029 

Case a 1420 4800 7622 

Case b 18150 61440 97567 

Figure 5: Comparison of different coverage proportion of energy consumption. 

The PV generation simulation results received from System Advisor Model (SAM) 
under typical downscale year (TDY), extremely cold year (ECY), and extremely 
warm year (EWY) are showed in figure 6. It indicates that monthly PV generation, 
annual PV generation, and PV power all are varied from time to time, no certain trend 
were found.  

 
Figure 6: Annual PV generation in TDY scenario for 2009-2098. 
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Annual energy generation by wind turbine in local climatic condition was compared 
with measured energy generation data at stable wind speed of 6m/s and 7m/s condi-
tion from Product catalog, showed in figure 7.  

 

Figure 7: Energy generation of wind turbines.  Figure 8: Wind speed variations in 2009-2098.  

The wind speed variations gathered from weather file under typical downscale year 
(TDY), extremely cold year (ECY), and extremely warm year (EWY) were simulated. 
The series called Triple showed in figure 8 is a combination of wind speed variation 
result in TDY, ECY and EWY scenarios. It indicates that the interquartile range of 
wind speed has decreased into a lower interval with the passage of time. 

Comparison of wind class frequency distribution in TDY scenario for 2009-2098 and 
reference model, which generated by WRPLOT View, are showed in figure 9. It is 
obvious that maximum ratio appears in the interval when wind speed is between 5.7 
to 8.8 m/s in reference year and period 2009-2038. However, after 2038, the interval 
when wind speed is between 3.6 to 5.7 m/s become the most likely interval.  

 
Figure 9: Comparison of wind class frequency distribution in 2009-2098. 
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From applying energy saving measures perspective, although several energy saving 
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renovating is applied, it need a slightly long time for construction which may affect 
the daily operation of the building. From assessing the potential of adding renewable 
energy resources perspective, simulated annual solar radiation is more than 
800kWh/m2 which reached an available level. Meanwhile, annual wind turbine ener-
gy generation are higher than approximate wind turbine output with stable wind speed 
of 6 m/s from Product catalog. Thus, several simulated buildings inside the campus 
have enough potential for applying solar and wind energy resources by installing PV 
systems and small-scale wind turbines. Besides, for solar energy application, to cover 
the electricity consumption in M-huset only seven times bigger scale of the PV al-
ready installed would be needed, which indicates that it is a possible application since 
M-huset still have plenty of unused roof area with high annual solar radiation. Where-
as, the energy consumption in winter is hard to reach due to space limitation. For 
wind energy, although big scale wind turbines have higher efficiency, shorter invest-
ment payback time, and lower environmental burden than small-scale wind turbines, 
land limitation and noises problem make only the small-scale wind turbines be suita-
ble to install inside the campus. Moreover, although majority of wind speed would 
slightly lower down and the power generation of wind turbine would decrease in fu-
ture, no certain variation trend was found for solar energy in this study. 

For limitation, some admissible errors would arise when hourly data was needed to do 
comparison between realistic data and simulation results due to the uncertainties in 
measuring and recording data. Besides, a lot of input data like heating and cooling set 
points, supply air temperature etc. were set based on logical assumptions. Although 
conclusive results were adjusted with the realistic measured data, various uncertain 
parameters would have positive or negative effect on the conclusive results.  

Further research could be focus on the innovative retrofitting techniques with building 
automation and control or artificial intelligence. As well as other renewable energy 
resource like biomass, hydro, tidal energy and so on are deserved to do research. 

7 Conclusion. 

From the masses of results, several valuable conclusions were drawn. For applying 
energy saving measures perspective, results show that adding insulation material to 
old walls, adjusting heating and cooling set point, applying high-efficient heat recov-
ery system, and adding shading device would have significant effect on decreasing 
heating or cooling energy consumption. From assessing the potential of adding re-
newable energy resources perspective, the campus of Lund University has enough 
potential to applying solar and wind energy resources by installing PV panels, small-
scale wind turbines. Moreover, for future climatic condition, heating and cooling 
energy consumption would reduce and increase respectively. However, future climat-
ic condition would not have huge or certain influence on renewable energy applica-
tions.  
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