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Abstract. Nearly 75 % of the world’s energy is consumed in urban areas and it is expected that together with the cit-
ies expansion it will grow rapidly in the future. Therefore the energy management in the urban areas is crucial in the 
context of depleting fossil fuels, climate change, energy supply security and energy poverty. Energy load forecasting 
is essential for the sustainable energy supply management. 
Planning of the energy systems starts at the stage of urban spatial planning when only limited data are available, most 
often those are only restrictions on building density and nature of possible land use.  Existing practise of energy de-
mand evaluation at the stage of urban spatial planning lacks integration of different energy forms and different 
evaluation approaches. Currently applied methodologies demonstrate significant approach differences when evaluat-
ing electricity and heat loads. The practise to calculate only peak and annual demand is insufficient. They should be 
expanded and incorporate seasonal or even hourly energy load profiles.  
The model has been developed to address the needs for integrated energy load forecasting at urban scale. This model 
is designed to forecast urban scale heat, electricity and natural gas load in residential building areas. Following the 
analysis of different existing energy forecasting methods, end-use energy load forecasting approach was incorporated 
into the model. Created model is based on Lithuanian conditions, but it can be easily adjusted to other conditions as 
well. The paper describes the model and possibilities of further improvement of integrated urban energy planning. 
 
 
Keywords: energy load forecasting, energy planning, electricity load, heat load, urban planning, heat supply, inte-
grated planning. 

 
 
 

 
1. Introduction 

 

Half of the world’s population lives in cities and nearly 
75 % of the global energy consumption is used in urban 
areas. It is expected that together with the cities expan-
sion urban energy consumption will grow rapidly in the 
future (The World Bank 2009). Therefore a sustainable 
energy planning at urban scale gains an increasing and 
pending attention. 

The starting point for energy supply planning is pre-
dicting an energy load. As alternative energy sources 
broadly replace conventional, an energy load forecasting 
becomes even more sophisticated task as it is not enough 
to estimate energy design loads and annual demands al-
ready, but detailed energy load profiles and their integra-
tion are required. 

Several methods have been proposed to assess spe-
cific energy consumption of the existing building stocks. 
Some of them employ statistical bottom-up approach 

using census data (Fracastoro & Serraino 2010) or moni-
tored heat consumption data of DH systems (Popescu & 
Asachi 2007; Şerban & Popescu 2008), electricity con-
sumption data from power utility companies (Widén et al. 
2007; Pedersen et al. 2008). Additional data became 
available with the spread of automated reading meters 
(Wallin et al. 2009). 

The simultaneous assessment of heat and electricity 
loads is necessary when designing CHP (Huamani & Or-
lando 2007) and energy storage systems.  The importance 
of integrated planning of systems with different energy 
carriers was noticed also when planning energy at urban 
scale (Geidl & Andersson 2007; Hashimoto et al. 2007). 
Planning of systems with different energy carriers re-
quires application of harmonized prediction methods for 
different energy forms. 

Besides the integration of power, heat and natural 
gas systems in the energy planning, urban planners high-
light the need for higher degree of integration between 
both land and energy planning. The coherent land and 
energy planning approach is one of the main principles of 
sustainable city planning. 
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Energy load forecasting models can be divided into 
statistical, energy modelling and intelligent computer 
systems. Hybrid models that use statistical data together 
with elements of energy modelling are also common (Pe-
dersen 2007). 

Statistical models are the most suitable for the 
steady state situations, were no major changes are fore-
seen. In this case the planned territory almost fully corre-
sponds to the existing one from which the data is ob-
tained. Another way is to collect statistical data of exist-
ing typical buildings and to perform a forecasting by in-
corporating this data into the spatial build-up structure of 
the newly planned territory. Statistical methods are rather 
simple but the statistical data cannot be directly applied 
when conditions are expected to be different. There are 
certain variables that have to be evaluated: climatic data, 
the structure of energy users and their behaviour, con-
stantly tightening requirements for energy efficiency and 
etc. On the other hand, if the data are taken from the more 
developed country that is close culturally compared to the 
country where the planning is taking part, there is a pos-
sibility that in the future the behaviour of the energy end 
users in the planned country will undergo similar change. 
Due to this fact the actual statistical data of more devel-
oped countries (the part that is determined by the end 
users behaviour) can ideally fit to the future prognosis of 
less developed ones. 

The modeling methods are much more time consum-
ing than the direct application of the statistical data. Ad-
ditionally the precise results are received only if input 
data are correct. Thus energy modelling is common when 
evaluating individual buildings but is rarely used to pre-
dict energy consumption in building groups. From the 
common experience it is known that there are some fac-
tors that cannot be fully determined especially if it is re-
lated to the energy end users behaviour.  
 

2. Organisational analysis of energy planning at urban 

scale 

The organisational structure of the urban planning in 
Lithuania was investigated in order to expose shortcom-
ings of the existing planning process and to construct a 
model allowing to overcome them. 

By preparing spatial planning documents municipalities 
put into action their responsibility for the planning of 
urban land use and energy infrastructure. The function of 
urban land use planning is to prepare and control the use 
of land within a municipality for buildings or for other 
purposes. Heat generation and supply planning is very 
important function of the municipality. Municipality is 
also responsible for electricity supply and distribution, 
and in near future, as distributed generation is spreading, 
it will have stronger role in electricity generation plan-
ning as well. 

The spatial planning could be divided into three levels: 
general planning, special planning and detailed planning. 
Energy planning is integrated into each of these levels. 
For example, in Lithuania the first level corresponds to 

general spatial plans. The main aim of the general plan-
ning is to define land use. Energy planning at this level is 
limited to preliminary energy infrastructure planning in 
order to reserve land for the infrastructure needs. In the 
second level energy planning corresponds to heat supply 
plans, natural gas infrastructure plans, power supply in-
frastructure plans. The detailed planning is intended to 
plan at the level of separate land parcels. Figure 1 shows 
all three levels of energy planning. The two levels that are 
depicted by dashed line in the figure, corresponds to ur-
ban scale planning. 
 

 

Fig 1. Scheme of the organisational structure of local en-
ergy planning 

 

The land use planning has a high and direct impact on 
energy planning. The process of energy planning starts 
from the energy demand forecast and it is strongly related 
with the intended land use. Land use planning allows 
predicting energy demand in both, spatial and time di-
mensions. At the moment time dimension in land use 
planning is not sufficient for energy planning purposes. 
General plans in Lithuania provide indicators that are 
designed to restrict land use in terms of maximum built-
up intensity and land use purposes. This results in evalua-
tion of the maximum possible energy demands (usually 
with tangible reserve assurance) and designing of corre-
sponding energy infrastructure that would be capable to 
supply planned amounts of energy. 

In the first planning level there is a need to reserve land 
for infrastructure developments. This is performed by 
making reservation of territories for the infrastructure 
objects and forcing restrictions of land use due to the 
sanitary zones near energy infrastructure objects like heat 
plant, gas distribution station, power transformation sta-
tions, etc. In order to establish the aforementioned reser-
vations and land use restrictions the number of the main 
infrastructure objects and their capacities are required. 
For this purpose the forecasting of design energy loads 
are made based on the maximum urban intensity for each 
planned territory that urban planners provide in general 
plans.  

In the second level of the energy planning urban use data 
from the general plans is applied to predict energy loads 
in the newly planned territories. Nowadays in practise 
there is not enough urban data for the second level of 
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energy planning. There would be a great waste of re-
sources to plan the energy infrastructure for the maximal 
loads that could be estimated based on the maximal urban 
intensity allowed. The shortcoming of this approach is 
that this maximal urban intensity is reached only at the 
end of the planning period or is not reached at all. For 
example, general plans in Lithuania look at ten years in 
detail and at 20 years for conceptual planning. Some of 
the developments are planned at the nearest future, some 
– after five or ten years. That causes that energy infra-
structure would be with excess capacity that will finally 
form a sink costs for the system operation effectiveness. 
Thus introduction of detailed time dimension in planning 
is essential. It is also important that build-up of the areas 
distributes in time would have a simple update procedure. 

From here we can observe that there are two separate 
procedures that have to be kept along the planning: urban 
planners are able to make predictions on urban develop-
ment timing, as the energy planers should supply and 
constantly update energy technological and economical 
assumptions. 

The second level of energy planning also requires more 
elaborated investigation of energy loads. The integrated 
development of different energy systems infrastructure is 
essential at this level. Despite that the practise is to plan 
each type of infrastructure separately. 

Analysis of energy planning organisational scheme shows 
the need of energy load forecast method that fulfils these 
requirements: 

− is integrated in terms of energy infrastructure of 
different kind and land use; 

− is simple to use by energy planners at local 
level; 

− is adjustable (can be easily revised as more ac-
curate data are obtained). 

Creating a sustainable, integrated planning process eve-
ryone has to bear in mind that in this process all major 
energy infrastructures should be involved. This requires 
very complex coordination both in compounding neces-
sary competences and applying organisational setup. This 
paper presents energy load forecasting model that is 
meant to simplify and integrate planning process of new 
urban unit. 
 
3. General description of the energy load forecasting 
(ELF) model 

 

This paper presents energy load forecasting (ELF) 
model that allows evaluating energy needs of planned 
urban unit in integrated manner. Scheme of the ELF 
model is shown in Figure 2.  
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Fig 2. Schematic structure of the ELF model 

 
ELF model consists of the input data (two blocks 

depicted by the blue dashed line), the modelling part (the 
two green blocks) and the output data (depicted by red 
continuous line). 

The model has two blocks of input data: energy data 
and urban data. The idea of the chosen structure of input 
data is to divide the actual energy planning and the prepa-
ration of the energy assumptions. First one is left to the 
urban planners but the construction of assumptions 
should be delegated to the field experts both on the state 
and local levels. The division into these blocks of input 
data also allows to adjust forecasts when the input data 
changes. Model can be adjusted at two levels: at central 
level it can be updated if there are changes in building 
regulations different that were predicted; at local level 
urban data can be revised as data on construction sched-
ule or urban intensities become more accurate. 

The modelling part of the ELF model is divided in 
two blocks. Final energy demand is evaluated at the first 
step. It includes heat demand for space heating, ventila-
tion and hot water preparation, electricity demand for 
lighting and appliances. Then energy transformation in 
buildings is considered. The reason of this division is to 
provide intermediate results to urban planners that allow 
making more informed decisions related to energy trans-
formation in buildings. The example of such decisions 
could be share of buildings that are intended to connect to 
district heating (DH) network. 

Output of the model is forecast of energy peak loads 
and annual energy demand. Forecasting of energy load 
profiles on hourly basis is left for the further development 
of the ELF model. Each load is divided into three forms 
of energy carrier: electricity, heat and natural gas. 

Input data are described in more detail in following 
sections of the paper. 
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4. Urban input data 

 
Urban input data that influence forecast of energy 

service demand is building type and area in planned terri-
tory. All planned territory should be divided into areas 
that are consistent unbroken in terms of urban indicators 
such as land use (type of buildings) and urban intensity 
(or building height and density). Then for each area fore 
mentioned urban indicators should be specified. 

Urban planners usually establish maximum permis-
sible building intensity, but urbanisation of territories 
extends during some years and maximum permissible 
intensity is rarely reached at all. To predict energy de-
mand evolution in all planned period it is necessary to 
have prognosis of construction in different territories as a 
function of time (in years). Construction time has impact 
not only on the occurrence of additional energy load but 
also on characteristics of this load. For example, build-
ings constructed after ten years from now will have better 
thermal characteristics and different electrical systems. 
Thus in order to ensure sufficient accuracy urban inten-
sity should be presented in form of construction time 
schedule. 

Possibilities of land use are defined in the general 
plans. If it is possible to predict building type more ex-
actly, more reliable results of energy load will be re-
ceived. It could be indicated what percentage of each 
planned parcel will take one type of residential building 
stock: single family house, cottage, low rise multi apart-
ment buildings, high rise multi apartment buildings. 

The next group of urban input data are assumptions 
about energy transformation in buildings. The decision 
what part of buildings will be heated by DH, what are 
fuel restrictions, what RES goals are in heating and elec-
tricity sectors of the municipality are the responsibility of 
municipalities and they are reflected in the strategic 
documents. 
 

5. Energy input data 
 
ELF model considers electricity demand for lighting, 

appliances, heat demand for space heating, ventilation 
and hot water services. Energy demand for food prepara-
tion on stoves is not included into the model as it com-
prises rather small part of overall energy consumption. 
Space heating requirements include energy needs to com-
pensate heat losses through building envelopes and due 
uncontrolled air infiltration. Heat requirement for fresh 
air provision is calculated separately as heat demand for 
ventilation. As only residential areas are considered at the 
moment, energy demand for air cooling is not included 
into evaluation, but with rising demand for comfort it can 
be an issue in coming years. 

Model can be created to evaluate all types of urban 
land-use type but at first we simplify the task to residen-
tial building areas. 

While forecasting energy load is important to look at 
the input parameters as variables that depend on different 
factors. Such insight allows to correct factors that are 
likely to change in the future. It also allows to look what 

parameters and how could be adopted at different place 
than they were estimated. We divide input parameters 
into four groups as it is shown in Table 1. 

 
Table 1. Energy input parameters dependence 

Are ingrained in 
construction stage 
(building properties) 

specific heat losses, possibil-
ity to regulate indoor air 
temperature and ventilation, 
use of natural light 

Depends on weather 
or season 

outdoor air temperature, 
temperature of cold water,  
natural light 

Depends on con-
sumer purchase be-
haviour 

efficiency of lighting bulbs, 
COP of boiler 

Depends on curtail-
ment consumer be-
haviour 

indoor air temperature, venti-
lation rate, hot water con-
sumption rate 

 
The input parameters that depend from building 

properties, also depend on construction time (as different 
requirements could be in place at different years) and on 
type of building. 

Input parameters that depend on consumer behav-
iour also depend on type of building (differences of peo-
ple living in individual houses and multi flat buildings). 
The attempt to structure consumer behaviour is assuming 
different control strategies for HVAC systems (indoor air 
temperature, ventilation rate, hot water consumption rate) 
and usage patterns for hot water, lighting and appliance 
usage. 

The assumptions about properties of energy equip-
ment in buildings aim to integrate into ELF model infor-
mation about efficiency and kind of energy transforma-
tion in buildings: coefficient of performance of boilers or 
other equipment of energy transformation in a building.  

Urban and energy data are used to generate energy 
load profiles. The considerations about the methods that 
could be used in ELF model are presented further. 
 
6. Energy load modelling 

 
Energy load modelling at urban scale and in building 

has some significant differences. Input data in case of an 
urban scale is less accurate and thus the modelling proce-
dure should be adequately simpler. There is also no use to 
introduce factors which influence the results less than an 
uncertainty of assumptions that are inevitable greater at 
the urban scale. 

Even when sufficient data about each type of build-
ings in the modelled building stock are available for ex-
plicit energy modelling, the accuracy is diminished by an 
issue of aggregation. Every building has its own energy 
use time routine and energy use peaks of several build-
ings do not match. Consequently the peak energy demand 
of a group of buildings is less than the sum of peak en-
ergy demand of the buildings. Coincidence factor is the 
relation between the peak energy demand of group of 
buildings and sum of the peak energy demand of each 
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building. The common approach is to use statistically 
established coincidence factors to calculate peak energy 
demand at urban scale. But there are no established pro-
cedure how to evaluate the influence of the coincidence 
when considering energy load profiles. 

Coincidence of energy consumption could be evalu-
ated in two ways. One way is measuring energy use of 
the building group and of each building in this group si-
multaneously. Then statistical methods could be em-
ployed to get average meanings of coincidence factor for 
particular types of building groups. This method has a 
shortcoming that obtained values will not be reliable to 
apply for long term energy forecasting – energy related 
behaviour is changing. 

Another technique of energy load aggregation is to 
simulate energy use profiles considering different time 
schedules of each building energy use and then to sum 
them up. Some researches applied this approach and also 
included random number generator to simulate the nature 
of the behavioural factors (Yao & Steemers 2005). 

We propose to use combined approach for the ELF 
model. Available statistical data should be used, but cor-
rections should be made were appropriate using energy 
modelling approach. 

In order to find what statistical data and what model-
ling should be employed in the model, further we analyze 
how different factors influence energy load. 

The scheme of the relationships among energy load 
and different factors is presented in Figure 3. 

 

 

Fig 3. The scheme of the relationships among energy 
load and different factors 

 
We distinguish “fixed” and “variable” factors in or-

der to form a structure of the ELF model. Outdoor air 
temperature goes as separate data block. Daylight data 
and behavioural factors are transformed into time sched-

ules of indoor air temperature, hot water consumption, 
lighting and use of appliances.  

We propose that it is possible to adopt research re-
sults from other European countries to form time sched-
ules, but to use modelling to include factors that are spe-
cific to Lithuanian conditions: properties of buildings, 
weather data, etc. 

Further analysis is needed in order to investigate 
what methods to generate each energy load are proposed 
by other researches and how it could be applied at 
Lithuanian conditions. This investigation is out of scope 
of this paper. 

Next section of the paper demonstrates example of 
the model application in the case. 
 

7. Example of model application 
 
Case analysis is presented to investigate the signifi-

cance of presented approach to consider construction time 
in different areas. The fictitious planning area in Lithua-
nia is used for the purpose of this analysis. It consists 
from 2 ha single family houses territory and 1 ha of 
apartment blocks territory. Planning period is 20 years, 
80 % of maximum urban intensity in the area of single 
family buildings and 100 % of maximum urban intensity 
in the area of apartment blocks are reached by the end of 
the planning period. Maximum urban intensity are corre-
spondingly 0,4 and 1,2. Two different scenarios of ur-
banisation timing are investigated. The major part of 
buildings are constructed in the first 5 years of planning 
period in the I scenario, and the major part of buildings 
are constructed in the last 5 years of planning period in 
the II scenario. The whole construction time schedule in 
two scenarios is shown in Table 2. 

 
Table 2. Construction time schedule expressed as part of build-
ings that are constructed during particular year 

Planning year 1 2 3 4 5 6 7 8 9 10 11 

single family 
houses 

5 5 10 30 10 10 5 5 0 0 0 

I 
sc

en
ar

io
 

of apartment 
blocks 

0 0 0 50 50 0 0 0 0 0 0 

single family 
houses 

0 0 0 0 0 0 0 0 0 0 0 

II
 s

ce
n

ar
io

 

of apartment 
blocks 

0 0 0 0 0 0 0 0 0 0 0 

 
Planning year 12 13 14 15 16 17 18 19 20 

single family 
houses 

0 0 0 0 0 0 0 0 0 

I 
sc

en
ar

io
 

of apartment 
blocks 

0 0 0 0 0 0 0 0 0 

single family 
houses 

0 0 5 10 10 30 10 10 5 

II
 s

ce
n

ar
io

 

of apartment 
blocks 

0 0 0 0 0 50 50 0 0 

 
Assumptions that have been made in energy part are: 

envelope insulation, air tightness and ventilation heat 
recovery requirements will be straightened each 5 years 
and that will condition decrease of heat demand require-
ment in buildings that are built in corresponding years by 
10 %. Hot water consumption will remain constant. Elec-
tricity consumption will increase by 2 % annually and 
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this increase will not depend on the year of building con-
struction. 

Heat load forecast is presented in Figure 4. 
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Fig 4. Allocation of heat loads during planning pe-
riod 

 
Electricity load forecast is presented in Figure 5. 
 

 

0

50

100

150

200

250

300

350

400

450

500

1 2 3 4 5 6 7 8 9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

Planning years

A
n

n
u

al
 e

le
ct

ri
ci

ty
 d

em
an

d
, 

M
W

h
/y

ea
r

I scenario

II scenario

 

Fig 5. Allocation of electricity loads during planning 
period 

 
As it could be seen from Figure 4, heat load could vary 
significantly when the same urban intensity is reached but 
the construction of buildings distributes differently during 
the planning period. The discrepancy in the case analysed 
is 23 %. 
As electricity load does not depend on the construction 
time of buildings, electricity load is the same at the end of 
the planning period in both scenarios. But as demon-
strated in Figure 5, electricity, as well as heat, load distri-
bution in time differs significantly. Not paying attention 
to this could result in inefficient planning of urban energy 
supply infrastructure and generators. Thus the ELF model 
that evaluates the construction timing helps to integrate 
land use and energy planning and thus to avoid costly 
mistakes. 

 

8. Conclusions 

 
1. This paper presents investigation and review of sus-

tainable urban energy planning. Problems indicated in 
Lithuanian legal and practical planning base compara-
tively close corresponds to the reviewed researchers’ 
findings abroad. Despite generally approved deficit 

for sustainable, integrated planning measures there are 
only pre-assumptions for the ones.  

2. This paper presents model of energy load forecasting 
for integrated energy planning that is identified as a 
core starting topic for the whole adequate planning 
process. 

3. Integrated and sustainable approach is implemented in 
the ELF model by sustaining these principles: 

− analyze all three common energy carriers 
(electricity, district heat, natural gas) together; 

− see an energy planning in the context in the 
land use planning; 

− evaluate the outcomes of land use planning 
to energy use in the early land use planning stage. 

4. The unique features of the ELF model are as follows: 
model is intended to produce energy prognoses in 
form of aggregated electricity, heat and natural gas 
hourly and annual load profiles for planned urban ter-
ritories simultaneously; in order to simplify the use of 
the model and encourage to integrate energy and land 
use planning input data are divided in two blocks: ur-
ban indicators and energy data. 

5. ELF model input data division is made due to the ex-
isting necessity in dividing experts’ responsibilities 
and base them on their field of expertise. Urban plan-
ners should have up to date energy forecasts that are 
constructed by energy economy specialists. These as-
sumptions should be constantly updated. Due to that 
planning process is adaptive and could more easier be 
adjusted in relation to the unforeseen or changing fac-
tors.  

6. ELF model could serve to a number of purposes. De-
sign energy load estimations with the time of their 
emerging allow planning urban energy supply infra-
structure with more preciseness. Energy load profiles 
gives opportunity to look for more sophisticated sus-
tainable energy supply and generation solutions. ELF 
model could be also used to model the impact of en-
ergy efficiency and RES support incentives at the na-
tional or local level. Model could also provide insight 
how to reduce energy demand peaks by introducing 
various incentives to change occupant behaviour. 

7. ELF model at the moment provides peak load and 
annual energy demand forecast for common energy 
carriers. But it requires further improvements in en-
ergy load modelling method in order to generate 
hourly energy profiles. There is also a lack of input 
data that could ensure hourly energy forecasting at ur-
ban scale in Lithuania. 
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