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Abstract

 

This paper analyses possibilities and barriers for the end
user and for the network owner using energy efficiency ac-
tions as alternatives to grid reinforcement. From 1998
throughout 2001 E-CO Partner and the network owner Vik-
en Nett have completed a project called “Implementation
of Demand Side Management in Oslo” [1]. Results from
this project are used as input to the ongoing project “New
technology for controlling power load in Oslo” which started
in 2001. The paper is based on results from these projects
which have produced interesting results regarding method-
ology of motivating different end users for DSM actions, as
well as methodology of DSM analysis for the network com-
pany.

A huge potential for postponing reinforcements at differ-
ent grid levels through intelligent energy solutions among
the end users is documented. It is possible to reduce or curb
the peak load with 10-15% in a city area within a 3-4 year pe-
riod. This implies energy efficiency actions such as building
automation including load control, ordinary rehabilitation
and converting from electrical heating to district heating or
other energy carriers. For the network owners, the project
has shown that DSM actions in a certain city area can be re-
alized at a 30% lower cost than the costs of grid reinforce-
ment. The paper is focused on motivation of the end user,
as well as technical and economical approaches of DSM. Re-

sults are presented from both the end users’ and the net-
work companies’ point of view.

 

Definitions

 

Several concepts are used in this paper. These concepts are
defined as follows:

 

ENERGY AUDITING

 

Energy analysis accomplished within the end-users build-
ing. Mapping all kind of energy consumption both electrical
and energy based on other carriers. Energy consumption and
historical peak load for the actual building are compared to
similar buildings and similar group of end-users. All possible
energy efficiency actions are localized and a cost-benefit
analysis regarding all possible actions is carried out.

 

ENERGY EFFICIENCY ACTIONS

 

Actions which improve the end users energy consumption as
regards the volume of energy consumption (energy saving),
the time/profile of using energy (peak load reduction) and
the energy state (choice of energy carrier).

 

DEMAND SIDE MANAGEMENT ACTIONS (ABBREVIATED AS 
DSM-ACTIONS)

 

Energy efficiency action accomplished by the end users i.e.
management on the demand side. The end-user adapts his
consumption to the existing capacity of the electricity grid.

 

LONG-TERM DSM ACTIONS

 

DSM actions which is completed by the end-user and do not
require any involvement by the network company. The end-
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user adapts his electrical energy consumption to the existing
electricity grid without involvement from the network com-
pany. There is no need for follow up of the end-user after ac-
complishing the DSM action.

 

SHORT-TERM DSM ACTIONS

 

DSM actions which is completed by the end-user and do re-
quire some involvement by the network company. The end-
user adapts his electrical energy consumption to the existing
electricity grid. There is need for continuous follow up of
the end-user after accomplishing the DSM action. Remote
control of the end users power load is defined as a short-term
DSM action.

 

Introduction

 

DSM action as an alternative to grid reinforcements is solely
based on cost-benefit:

Where: 

– the utility’s total cost concerning implementing DSM ac-
tions

– the utility’s total cost concerning grid reinforcement ac-
tions

In its simplest way, the philosophy is based on the fact
that every shortage of electric capacity can be approached by
either reinforcing the already existing distribution network
to meet the future demand, or on the other side try to adjust
the consumption to the capacity that already exist. The lat-
ter means implementing DSM actions. The way to go, are
simply decided from a cost-benefit analysis, where all costs
concerning the alternatives are taken into account and the
cheapest alternatives are chosen.

In several cases, DSM actions are profitable compared to
conventional grid reinforcements. However, for the utility,
one has to make sure that the actual DSM actions serve as
remedial actions concerning capacity problems in the distri-
bution systems. This meaning that the utility has to make
sure that all suggested actions are followed up and actually
implemented with the end-users. All experience shows that
end-users have to be strongly motivated to implement ener-
gy efficient actions, in spite of the fact that the end-users
will reduce their own costs.

Planning and design for conventional grid reinforcement
actions are well described tasks with predictable parame-
ters. However, DSM actions in Norway represent an ap-
proach where the methodology and parameters included are
not so well defined.

The results gained throughout the project have given val-
uable experience concerning procedures, methodology, pos-
sibilities and barriers for carrying out energy efficient

actions. The paper will concern methodology of DSM anal-
ysis for the network company and methodology for motivat-
ing end-users to participate.

 

Technical Approach – Methodology for DSM

 

Based on project experiences, a working process for the net-
work planning considering DSM was established. The flow
chart diagram in Figure 1 shows the project’s recommended
approach of how to evaluate and consider DSM actions as an
alternative to grid reinforcements [1].

 

IDENTIFYING BOTTLENECKS

 

A bottle-neck means a grid constraint due to load exceeding
capacity. The bottleneck can appear in different parts of the
network, e.g. a power transformer in the substation, distribu-
tion transformer, lines or cables in any part of the distribu-
tion network (MV or LV). The ordinary way to solve such a
problem is to install larger transformers and/or larger lines or
cables.

Bottlenecks are identified through supervision and load
forecasting. To be able to consider DSM actions, one has to
gain knowledge of the load profile of the actual component
or section. Through measurement and time-registering of
the peak load, analyses of the profile will tell when the prob-
lem will arise. What time of year, what time of the week and
most important, what time of the day will there be a capacity
problem?

By conducting a rough search of the network- and custom-
er information system of the utility, one can get an idea of
what kind of customers and consumption which are served
by this particular section of the network. By concentrating
on the biggest consumers, one can sort out the consumers
that are time-recorded (in Norway, all customers with an an-
nual consumption above 100 MWh/year are hourly me-
tered). Next step will be to sort out the actual consumers
with a load profile that coincide with that of the bottle-
neck’s profile. Once this is accomplished, one can establish
from empirical data whether it is possible to meet the capac-
ity constraint with DSM actions. In addition to consider the
potential peak-load reduction of these customers, one also
has to consider the time frame from when the capacity prob-
lem will arise with the time available for implementing
DSM actions.

Experience from the project shows that a realistic time
frame from initialisation of long DSM actions to achieving
actual load reduction, will take at least 3-4 years. Generally
most end-users prefer to invest in DSM actions in connec-
tion with maintenance plans or other investments. Several
other motivation key factors influence the time frame of
DSM actions. These are studied more closely in later chap-
ters. If a realistic potential for load reduction through DSM
actions is established, within a realistic time frame, one can
move on to the next level, see Figure 1. Regardless of the re-
sults from the above mentioned initial work, the conven-
tional grid reinforcement alternative must be mapped
according to the necessary technical actions and total cost
(C

 

grid-reinforcement

 

).

Â £ ÂC CDSM Grid reinforcement

Â CDSM

Â CGrid reinforcement
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MOTIVATION AND ENERGY AUDITING

 

Based on the results from the previous activity,”Identifying
bottlenecks”, a certain group of end-users are chosen for fur-
ther studies. Each end-user is to be contacted to be in-
formed about the project and to map the status of the
present energy consumption. Through the first contact with
the end-user the project has to clarify if the end-user recent-
ly has made an energy auditing or done similar evaluation of
the energy consumption. Moreover, the project has to map
if the end-user recently has completed energy efficiency ac-
tions and if the end-user in the close future has plans for re-
habilitation or extension of buildings. Viewed in the light of
the first contact, the project arranges a meeting with each
end-user to evaluate the need and possibilities for an energy
auditing, as well as possibilities for realizing DSM actions. A
second goal from a first meeting is to gather required infor-
mation for further motivation work as described in chapter
below: “Implementation of energy efficiency actions”. In
the pilot projects [1] and [2] in Oslo, all activity among the
end-user regarding mapping and implementation of DSM
actions were paid for by the end-user himself and the local
authority in Oslo. In certain parts of Norway, among them
Oslo, there are possibilities for subsidies from the local au-
thority regarding energy auditing and certain energy effi-
ciency actions. To what extent the DSM actions are to the
benefit of the network company, the possibilities for subsi-
dize the end-user have to be evaluated. For instance chang-
ing the network tariff is one way to reward the end-user for
implementing DSM actions.

 

LOAD PROFILE ANALYSIS

 

Once the energy auditing is conducted and the different
DSM actions are identified, the effect of these actions on the
power system can be analysed. A model was established to
simulate the new improved load profile for each customer,
based on the detailed energy auditing with definite pro-
posed actions for peak load reduction. The new calculated
load profiles for each customer are added up, and then sub-
tracted from the original load profile of the bottleneck. By
analysing this “new” bottleneck profile, one can determine
whether the DSM actions can solve or postpone the bottle-
neck problem and thus serve as an alternative to conven-
tional grid reinforcement.

 

EVALUATION

 

Possible peak load reduction of DSM measures is compared
to the load forecast in the particular grid area. Based on an
expected progress plan of DSM actions of 3-4 year, a conclu-
sion is made whether DSM actions will be sufficient for
postponing the planned grid reinforcement or not. Figure 2
shows a picture of how the evaluation is done.  If DSM
actions are considered as an adequate alternative to the
planned grid reinforcement, estimated DSM costs (C

 

DSM

 

)
and grid reinforcement’s costs (C

 

grid-reinforcement

 

) is to be
analysed using the Net Present Value method.

Taken in consideration the exposure-period of the grid re-
inforcements that can be achieved from DSM actions, the
net present value of C

 

grid-reinforcement

 

 is compared to the C

 

DSM

 

of to day. Based on these evaluations a decision is made
whether DSM action is to be an alternative to grid reinforce-
ment or not.

However, in many cases the best approach might be a
combination of both grid reinforcement and DSM meas-
ures. Then the most cost-effective DSM actions are chosen
to reduce the level of investments otherwise required. This
approach is not further discussed in this paper.

Load profile analysis
X Simulate new profile per

customerafter proposed DSM actions.
X Simulate bottle-neck profile after
proposed DSM actions

Motivation and Energy Auditing

X Power reduction per DSM action
X Motivation

CDSM

CGrid-reinforcement

Identify all cost for
conventional grid-

reinforcement

Grid-reinforcement DSM

Identifying bottle-necks
- Analyse bottle-neck profile
and perform a feasibility study:
¿ Can DSM be implemented within
critical time frame?
¿Is it possible to solve

bottle
-

neck with DSM actions

Evaluation
¿ Will DSM actions be

adequate?¿How long will DSM postpone
reinforcement

¿Is CDSM less or equal toC Grid-reinforcement ?

NO

NO YES

YES

Load profile analysis
X Simulate new profile per
customer after proposed DSM actions.
X Simulate bottle-neck profile after
proposed DSM actions

Motivation and Energy Auditing

X Power reduction per DSM action
X Motivation
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CGrid-reinforcement

Identify all cost for
conventional grid-

reinforcement

Grid-reinforcement DSM

Identifying bottle-necks
- Analyse bottle- neck profile
and perform a feasibility study:
 • Can DSM be implemented within
critical time frame?
 •  Is it possible to solve bottle-
neck with DSM actions?

Evaluation
 •  Will DSM actions be adequate?
 •   How long will DSM postpone reinforcement?

 • Is CDSM less or equal to CGrid- reinforcement?

NO
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Figure 1.  Flow chart showing methodology for considering DSM actions.
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Figure 2. Example- Load forecast with and without implementation of DSM.
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Implementation of Energy Efficiency Actions – 
Three Pilot Tests in Oslo

 

Three pilot tests were carried out in Oslo in the period 1998-
2003, [1], [2]. These projects evaluate the existing potential
of peak power reduction for residential customers and com-
mercial customers, as well as potential for energy savings
and choice of alternative energy carriers to electricity. Con-
sequences and limitations for implementation of DSM were
further studied in the pilot cases, including analysis of me-
tered data, questionnaires and model simulations. The fol-
lowing alternatives for Demand Side Management were
studied in Oslo:

 

•

 

Implementation of smart house concept, DSM-actions: 
Two different concepts for residential customers were 
tested for respectively 156 blocks of flats and 17 semi de-
tached houses. The achieved reduction of peak power 
consumption was up to 15% of historical maximum me-
tered peak load (kW). Energy savings (kWh/year) were 
metered from +9% (increase) to -18% (reduction). The 
variation in the results were dependent on how the end-
users adjusted the smart house equipment as well as 
changes in the households electrical equipment. [1], [6]. 
The time horizon for realizing such DSM actions is em-
pirically 1-2 years for residential customers.

 

•

 

Improved energy efficiency, long-term DSM actions: In-
stallation of new equipment, replacement of electrical 
energy carriers, renovation of buildings, installation of 
smart house solutions for a wide type of buildings (end-
users). The research project, related to implementation 
of integrated DSM-package for 40 industrial customers, 
situated in an area with limited transmission capacity, is 
carried on in Oslo. A peak load reduction is expected to 
be achieved within the year 2003. The peak load reduc-
tion is divided in two different grid areas and is estimated 
at 3,7 MW (11%) from the existing 34,2 MW and 0,8 MW 
from existing 25 MW (3%). From the 40 participating 
end-users, 13 end-users started implementing actions in 
2001. These 13 end-users have an estimated peak load at 
15,7 MW. This implies an aggregated peak load reduc-
tion of 28,4% (4,46 MW) achieved within the year 2003. 
For the 13 end-users, it is also estimated an expected en-
ergy saving at 25%, equivalent to 14,7 GWh/year. The 
time horizon for realizing the DSM actions is 3-4 years. 
[1], [9].

 

•

 

Switching off or regulating uninterruptible power load, 
short-term actions: The end-user is letting the network 
company control uninterruptible power load remotely. 

Reduced tariffs were offered to a chosen group of com-
mercial customers who allow the network company to re-
motely control power load in limited time period 
(maximum 3 hours). The network company require con-
trolling the load momentarily or within 1 hour. The tech-
nical solution for remote control for one thing 
concerning, alerting the customer and durability of the 
interruption, will ensure no impacts on the end users ac-
tivity. A considerable potential for controllable power 
load is documented among 7 of 14 participating end-
users. These 7 end-users have a maximum peak load of 
18,1 MW and are offered a reduced tariff from the net-
work company. The potential for controllable load among 
the 7 end-users is estimated at 8,8 MW or 49% referred 
to maximum peak load. The time horizon for realizing 
this kind of short-term actions is 0,5-1 year. To what ex-
tent this potential will be realised will come to light dur-
ing 2003. [3], [9].

 

THE COSTS OF DSM ACTIONS - EXPERIENCE FROM THE 
PILOT STUDIES

 

Some of the most important results for the network compa-
ny are the experienced costs of DSM actions.

Up until recently, DSM actions have not been used as an
alternative to grid reinforcement because of the uncertainty
concerned with costs and time frame of implementation.
Referred to Figure 1, the studies regarding commercial
customers in Oslo have experienced costs for the network
company as shown in Table 1

 

. 

 

The network company’s cost
regarding grid reinforcement in the particular area was
estimated to approximately 110 Euro/kW. Compared to the
actual DSM cost at approximately 74 Euro/kW, DSM
actions were preferred to the planned grid reinforcement.
All energy efficiency actions which were implemented were
profitable to the end-user. However, the cost-benefit incen-
tive was not always the most vital incentive for the end-user
to accomplishing DSM actions.

 

MOTIVATION OF RESIDENTIAL CUSTOMERS

 

Evaluating motivation, related to implementation of tech-
nology for controlling electrical heaters and boilers (DSM-
actions) was initially carried out as a part of a research
project, IDO [1]. The following stakeholders were defined:

1.  Network company, operating in a given concession area,

2.  Resident, owner/leaseholder of the housing unit.

Two different DSM actions were implemented, see Figures
3 and 4:

Both local and remote control of electrical heaters and
boilers were implemented in 17 row houses. The 17 resi-
dents represent a small test group with large variations. We
find couples with adult children, couples with small chil-
dren, single parents, single pensioners, and couples without
children. Some of these are skilled in the use of computers
and the Internet, while others are unskilled and without ac-
cess.

DSM activities
DSM costs

[Euro/kW]

Identifying bottle-neck: 7,4                           

Motivation and energy auditing: 34,3                         

Load profile analysis: 13,1                         

Evaluation: 5,2                           

Implementation: 13,8                         

Total DSM costs: 73,9                         

Table 1. Empirical DSM costs in the project “Implementation 

of DSM in Oslo”, [1].
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Local load control of electrical boilers was implemented
among 8 blocks with 156 flats. The 156 residents represent
a large group with wide variations. Common for the two
DSM actions which are implemented, is that the network
company is given the opportunity to control the energy con-
sumption among the residents. The load control (remote or
local) directed by the network company is limited by a max-
imum allowed peak load for both the customer groups. The
row house participants have an active participation in the
project through their possibilities to controlle their energy
consumption manually or from an internet home page.
Former ECEEE paper [6] gives more details regarding the
row house residents experience to the chosen equipment for
load control called Ebox. Compared to the row house partic-
ipants, the block residents have equipment for power con-
trol which requires no involvements from the end-user
himself. The network company automatically controls the
electric water heater in each apartment referred to the total
peak load for the actual block. This is done without any im-
pact to the residents’ hot water consumption.

 

KEY MOTIVATION FACTORS FOR RESIDENTIAL CUSTOMERS

 

When implementing DSM actions among the residential
customers, the following incentives and goals were identi-
fied:

 

1.  Network Company:

 

•

 

Reduced net load via decreased peak load or improved 
load profiles of their customers

 

•

 

Maintained or increased incomes from transmission of 
electricity

 

1

 

2.  Resident:

 

•

 

No intervention in the surrounding outdoor area due to 
avoid grid reinforcement

 

•

 

A safe alternative load control solution which do not im-
pact on comfort

 

•

 

Reduced electricity costs

The project experienced that several key factors were of vi-
tal importance to comply with these goals and incentives:

 

Cost allocation

 

All the participating residents are a part of a cooperative
building society. The administrative board was given the
possibility to participate in the implementation of DSM ac-
tions to avoid grid reinforcement. The reinforcement would
involve paying about 62 000 Euro to the network company
and extensive civil works in the surrounding area to the
blocks. To participate in the project, avoiding the civil works
was much more important to the building society than
avoiding the required payment for grid reinforcement.

 

Contact persons and decision-making process

 

Dialogue with the chairmen of the board of the housing
corps was vitally important to promote the project. The
project wan the boards confidence and participation through

 

1.  Network companies in Norway have income regulation-regime.

 

Metering 

GSM 

E-Mail 

Radio  

transmitter 

Server 

Internet 

Local control 

End-user 

Remote 

Control from the 

grid owner 

 Transformer station 

Figure 3. “Smart house – solution” Ebox based on Internet and wireless radio communication – short-term DSM.

Metering.
Network Company: Local power
control related to a maximum
allowed peak load, Pmax

Figure 4. “Smart house – local solution” based on two-way com-

munication inside the building – long-term DSM.
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documentation regarding the alternative DSM actions and
through written agreements.

 

Electricity costs

 

Seeing that the households today only pay to the network
company for energy consumption and not for peak load, the
reduction of peak load gave no direct incentive to each resi-
dent. The project evaluated the need for changing the tariff
to make them participate. Through the dialog with the
board, it was obviously no particular need for changing the
tariff regarding their participation. However, reduction of
electricity costs through reduction of energy consumption
was of importance to make the row house residents use the
Ebox equipment.

 

Human factors

 

Row house residents:

 

The motivation for using the Ebox is linked to its functions
as a device for private control of the cost of energy consump-
tion, and a device that enables the network owner to control
the peak load. The different members of the test group
claimed varying motivations in relation to these. One part of
the group was highly motivated and found it interesting to
participate in the project as such. They wanted to test the
technology and followed the project closely. They also
thought that the Ebox worked well. Another part of the test
group was sceptical. They considered it a duty to partici-
pate, and loyally used the device. To some of these the Ebox
was a foreign body and not integrated into the household.
Others used it actively even when they were not satisfied
with its functions. A third group was mostly indifferent.
They were not particularly conscious about energy con-
sumption, and were prepared to pay the costs of electricity
whatever they might be. The Ebox was installed, but they
did not pay much attention to it and had not tried to adjust
it.

 

Block residents:

 

The major part of the participants, 83%, answered positively
to the question if they were satisfied with the network com-
pany controlling their electrical water heater without influ-
encing their comfort. Six of the participating residents have
during two years of the project experienced some problems
with access to hot water. The reason to this could be low
boiler capacity compared to consumption or faults with the
boiler. The project experienced that all problems related to
the boiler very easily was blamed to the project even if it was
not the actual reason.

 

MOTIVATION OF COMMERCIAL CUSTOMERS

 

When implementing long term and short term DSM actions
among the residential customers, the following stakeholders
were identified:

1.  Network company, operating in a given concession area.

2.  Owner of premises – a company or organisation, owning 
a commercial building. Owner of premises may use a 
building himself or rent it to other companies.

3.  Leaseholders – a company or organisation, renting 
premises from the above-mentioned actor.

 

Long term DSM actions

 

Mapping of structure for motivation and incentives, related
to implementation of long term DSM-actions was initially
carried out as a part of the research project IDO [1]. Follow-
ing incentives and goals were identified among the stake-
holders:

1.  

 

Network Company:

 

•

 

Reduced net load via decreased peak load or/and im-
proved load profiles of their customers

 

•

 

Maintained or increased incomes from transmission of 
electricityMaintained or increased incomes from trans-
mission of electricity

 

2.  Owner of premises:

 

•

 

High profitability of his investments

 

•

 

Strengthening of his position on the real estate market

 

•

 

Low operation and maintenance costs

 

3.  Leaseholders:

 

•

 

Low rent fees

 

•

 

Good standard in the rented building, including ventila-
tion and air conditioning

 

Short-term DSM actions

 

Mapping of structure for motivation and incentives, related
to implementation of short term DSM-actions was initially
carried out as a part of a research project “New technology
for controlling power load in Oslo” [2]. Following incentives
and goals were identified among the stakeholders:

 

Incentives and goals regarding short-term DSM actions

 

1.  Network Company:

 

•

 

Alternative 1: The major goal is to conclude a tariff agree-
ment with the end user which implies the opportunity to 
switch off or remotely control uninterruptible load for at 
least 3 hours duration.  The interruption of the power 
load shall occur immediately with no alert. This is called 
“momentary control of uninterruptible load”.

 

•

 

Alternative 2: The second best solution to the network 
company is to “control uninterruptible load with 1 hour 
alert”. Compared to “momentary control of uninterrupt-
ible load” the only difference is the one hour of alert.

 

•

 

A secure solution for remote load control, preferably an 
automatic remote control solution without any manual 
operations.

 

•

 

Maintained or increased incomes from transmission of 
electricity. Maintained or increased incomes from trans-
mission of electricity

 

2.  Owner of premises:

 

•

 

High profitability of his investments.

 

•

 

Strengthening of his position on the real estate market.

 

•

 

Low operation and maintenance costs.

 

3.  Leaseholders:

 

•

 

Low rent fees.
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•

 

A secure solution for remote control which do not affect 
the comfort and the activity to the end-user. The end-
user prefers a minimum of installation and a manual rou-
tine for load control followed up by the end-user himself. 
The end user usually prefers one hour of alert from the 
network company, before activating load control.

As it appears from the above, the network company and the
end user have contradictory goals regarding the solution of
load control. The tariff agreement will be the key for solving
these conflicting goals.

 

Key motivation factors for commercial customers

 

Regarding both long and short-term actions, the pilot stud-
ies experienced that several key factors were of vital impor-
tance to comply with the abovementioned goals and
incentives:

 

Ownership vs. rent of premises

 

The experience shows that the organisation of the owner-
ship itself is crucially important to companies’ relations to
DSM. Three main different organisation types were identi-
fied: Self-ownership: The most simple organisation model,
when a company both owns and uses a building itself. In this
case companies have usually a continuous overview over
electricity consumption and have the least problems com-
pared to others when it comes to evaluation of proposed
DSM activities and further implementation of them. Com-
panies belonging to this group have a clear incentive struc-
ture: to minimise its electricity bills, minimise required
investments and related risk exposures.

Single owner with several leaseholders: This is a common
practice with several companies renting their premises from
an owner company as shown in Figure 5. In this situation the
owner usually covers a small share of electricity costs for
common areas and transfers the major share of costs directly
to his leaseholders.

This leads to opposite incentives between owners and
leaseholders: an owner wants to invest as little as possible in
DSM, since electricity costs are paid by leaseholders. The
renters wish to reduce their electricity bill, but usually do
not have an opportunity to make the required investment.

The situation is even more complicated since rent con-
tracts often have a fairly short duration (2-3 years) and have
to be regularly renewed. Leaseholders do not want to com-
mit any substantial investments since they may have to
move to another building. Planning and implementation of
DSM actions become complicated for owners since the situ-
ation becomes unpredictable in the long run. Additionally,
implementation of DSM actions meet practical complica-
tions since certain types of activities have to be implement-
ed at the same time in order to be efficient. Our experience
shows that it becomes difficult to reach an agreement about
this with leaseholders.

Joint ownership with several leaseholders: The situation
is different when several companies own the premise in
joint ownership, which is led by a manager as it is shown in
Figure 6. 

This model usually includes the same set of complica-
tions as the previous one. The decision making process in
this type of company assumes that all owners are agreeing,

which is difficult in practice when it comes to DSM-related
investment.

 

Cost allocation

 

Allocation and accounting of costs related to electricity bring
additional complications in implementation of DSM ac-
tions. As it was mentioned before, an owner of premises
transfers electricity costs directly to leaseholders. Allocation
of costs in companies, participating in the study, was done in
two ways:

 

•

 

Each leaseholder had an individual electricity meter and 
paid according to the metered data.

 

•

 

Leaseholders paid a share of the electricity costs, usually 
according to sq. meters of the rented floor space.

The last variant creates additional barriers for DSM since it
makes use of electricity anonym and in practice removes all
incentives from leaseholders.

 

Contact persons and decision making process

 

Both interest and personal engagement of those responsible
for technical operation in a company have a crucial impor-
tance in planning, implementation and continuous follow-up
of DSM activities. Competent persons should be informed
about both the economic and technical sides of the company’s
operations. The experience shows that low interest, lack of
responsibility or negligence from technical staff can compli-
cate considerably both evaluation and implementation of
DSM.

 

Financing of DSM and recovering of investments

 

Companies usually prefer to base their investment analyses
on so-called payback period estimation. It is a relatively sim-
ple and easy to understand method for estimation of invest-
ment profitability over relatively short time periods. (For
longer periods it is more appropriate to use Net Present Val-
ue method.) The experience shows that commercial cus-
tomers prefer to initiate DSM activities with 2-3 year
payback period, while DSM with payback periods exceed-

Owner of premises 

Renter 1 Renter 2 Renter X 

Figure 5. Owner of premises with several leaseholders (renters).

Manager 

Owner A 

Renter 1 Renter 2 Renter X 

Owner B Owner X 

Figure 6. Joint ownership with a manager and several lease-
holders (renters).
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ing 4 years are strongly opposed by company’s management
and usually rejected by owners (board of directors). On the
other hand, companies are willing to accept DSM actions
with longer payback periods if they have a maintenance-
related profile, like installation of new windows, new venti-
lation, doors etc. [5]. Commercial customers have pointed
out that there is a considerable risk factor in DSM-related
investments since the power electricity market has become
highly volatile and unpredictable when it comes to spot prices.
Possibilities in alteration of existing network tariffs may also
contribute to a considerable risk exposure.

 

Financing of DSM and corporate organisation

 

Results from our study give the impression that companies
and organisations have very different requirements to the fi-
nancing of DSM. Private companies with relatively low-built
horizontal organisation structure, decentralised financing and
decision-making tend to require very high profitability from
proposed DSM-actions and expect correspondingly short
payback periods. At the same time, according to the contact
persons, these companies are better positioned to commit the
required investment as long as it is feasible from a financial
point of view. Other type of companies, usually public, have
absolutely opposite behaviour: They consider approval and
obtaining of the required investment to be the most compli-
cated part, while the profitability of the investment and future
operating costs are less important.

 

Electricity costs

 

Electricity costs usually have a relatively small share in a
company’s costs, when e.g. compared to labour costs. The
result is that a company avoids implementing any DSM ac-
tivities if they are expected to increase labour costs, as for
example movement of energy-intensive production process-
es to low-load periods (night). Additionally, it may cause a
conflict with existing legislation, regulative working norms
and standards. Companies which traditionally used to work
during night time, as for example bakeries, are much more
flexible when it comes to adjustment of load profiles.

 

MOTIVATION MODEL – STRUCTURING OF INCENTIVES FOR 
COMMERCIAL END USERS

 

The following model is a proposal for structuring the end us-
er’s motivation and incentives, based on experience and re-
sults accumulated within the IDO project [1]. In this paper
key motivation factors related to financial aspects are de-
fined as incentives. The main objective in the motivation
model shown in Figure 7 is to systemise key factors, which
are essential for definition of appropriate DSM actions for a
given customer and, therefore, have the highest possibility
to be implemented.  The proposed model includes two parts
as it is shown on Figure 7.

 

Part A

 

Organisation form is related to a composition of different
factors and details, related to a given company implement-
ing DSM.  The model summarises previously mentioned
differences in priorities between companies with a flat or-
ganisation (usually private companies) and companies with
vertical structure (usually public institutions) related to in-
vestment and profitability of DSM.

 

Recommendations for implementation: 

 

 A possible solution
for companies with a flat structure is to emphasise initiatives
with low risk and high profitability (even though they may
require high initial investments). These companies require
follow-up and intensive advisory services throughout the
implementation process.

Companies with a vertical structure prefer solutions with
low initial investment, but can accept high operation costs.

 

Part B

 

Part B is related to analysis of existing potential for reduc-
tion of energy- and power consumption, which can be real-
ised via DSM.

 

Objectives:

 

 Development of proposals for DSM should
start from definition of concrete objectives in a given net-
work area, including required reduction of peak load or al-
teration of load profiles.

 

Actions:

 

 Definition of actions, which can be implemented,
starts with a preliminary technical evaluation of the poten-
tial for load management and energy efficiency improve-
ments existing in a given company.

Economic analysis: The analysis of the proposed actions
includes investment analysis, profitability, operation and
maintenance costs. The analysis also considers support
schemes, based on expected consequences from actions.
Development of several scenarios, based for example on dif-
ferent electricity contracts and network tariffs, may improve
the evaluation process. Choice of the most appropriate ac-
tions: Comparative analysis of the proposed actions, togeth-
er with factors related to company’s priorities, choosing the
set of most appropriate actions.

It is important to note that the model relates to informa-
tion and data which are usually publicly available. It is there-
fore assumed that it is possible to work on Part A before or
at the same time as Part B.

 

Network Tariff – The Motor Oil in the 
Motivation Model

 

Today the electricity price in Norway consists of three parts:
energy price, network tariff and taxes. Most end users in
Norway have an energy price which follows the spot price in
the competitive Nordic electricity market, Nordpool. This
implies that most end users today have an energy price
which makes about 40-60% of the total electricity price,
while network tariff makes about 20-40% and the taxes
make about 20%. The price signal form the network compa-
ny affects the majority of the motivation key factors. The
network company Viken Nett decided two different strate-
gies related to the tariff agreement for the two projects “Im-
plementation of DSM in Oslo” [1] and “New technology for
controlling power load in Oslo” [2]. To promote long-term
DSM actions the network company did not offer the end-
user any new tariff or changes in the existing tariff agree-
ment. To promote short-term actions the network company
offered the actual end-users a new tariff related to the limit-
ed controllable or interruptible load.  In Table 2, the existing
tariffs for uninterruptible consumption and the new offered
tariffs for limited remote control of uninterruptible con-
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sumption is shown for an end-user connected to the lowest
grid level.

Table 2 shows that the pilot customers were offered 40-60%
reduction of the power load costs related to the load which is
controllable or interruptible in limited periods. The network
company require duration of at least 3 hour of each remote
interruption or load control.

 

Conclusions – Experience and Knowledge 
Gained

 

In several cases, DSM actions can be proved to be profitable
compared to conventional grid reinforcements. But to be
profitable to the network company it must be ensured that

the actual DSM actions serve as remedial actions concerning
capacity problems in the distribution systems. To achieve
this, the means which are used have to comply with the in-
centives and goals among both the Network Company and
the end user. All experience shows that end users have to be
strongly motivated to implement energy efficient actions, in
spite of the fact that the end users can save money for them-
selves.

Through comprehensive studies in Oslo a methodology
for implementing DSM actions as an alternative to grid rein-
forcements has been developed. A pilot study in a random
grid area in Oslo, shows a general potential for energy saving
and peak load reduction, so called long-term DSM actions,
of 10-15%. This potential is related to a wide type of meas-
ures, among them installation of new equipment, replace-
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ment of electrical energy carriers, renovation of buildings
and installation of smart house solution. There is a similar
potential among residential end-users related to electrical
heating and electric boilers. In difference to Central Europe,
Norwegian households are mainly dependent on electrical
heating. The time horizon for realizing long-term DSM ac-
tions is empirically 3-4 years for commercial customers and
1-2 years for residential customers.

From studies of a random group of end-users in Oslo, the
potential for short-term DSM actions seems to be pretty
large. Considering only uninterruptible consumption, it has
been documented that 49% of peak power load can be con-
trolled or interruptible for a limited period of time i.e. dura-
tion of at least 3 hours. The time horizon for realizing these
kinds of actions is empirically 0,5-1 year.

Implementation of DSM actions depends on several mo-
tivation key factors, such as “ownership vs. rent of premis-
es”, “cost allocation”, “contact persons and decision-making
process”, as well as financing solution for the DSM actions.
All energy efficiency actions which were implemented in
the pilot studies were profitable to the end-user. However,
the cost-benefit incentive was not always the most vital in-
centive for the end-user to accomplishing DSM actions.
The network tariff which makes about 20-40% of the total
electricity cost, affects the majority of the motivation key
factors. To what extent DSM actions is accomplished in cer-
tain grid area, as well as the time horizon for implementa-
tion, depends on key motivation factors and how these are
being exploited.

Due to increases in energy and peak load consumption, as
well as the need for grid maintenance, grid reinforcement
will always be an important topic to all Network Companies.
These studies of DSM implementations provides useful re-
sults and methodologies to energy planning among network
owners and local authorities, as well as district heating sup-
pliers in Norway and in other European countries.
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Type of network tariff Grid level

Fixed 

price

(Euro/year)

Power 

load 

interval

(kW)

Power 

load 

price 

(Euro/kW)

week no

2-14

week no

15-27

week no

28-40

week no

41-1

0-200 53

200-1000 45

> 1000 37

New tariff offered for limited controllable or interruptible 

load ”momentary remote control”. 

Pilot project [2]:

230V 

or 

400V

689               

-

17               0,0041        0,0028        0,0028        0,0041        

New tariff offered for limited controllable or interruptible 

load "remote control with 1 hour alert".

Pilot project [2]:

230V 

or 

400V

689               

-

28               0,0041        0,0028        0,0028        0,0041        

689               
230V 

or 

400V

Tariff for uninterruptible consumption, 

ordinary tariff for commercial customers in Oslo

Pilot project [1]:

        0,0127         0,0057         0,0034         0,0048 

Energy consumption 

price (Euro/kWh)

Table 2. Network tariff agreement concluded with pilot customers.


