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MEDICINE

& HEALTHCARE

Modern medicine is one of the areas where the results of breakthrough developments in science and
technology are most clearly seen. New biological products enable precisely directed correction of this or
that disorder in the body without damaging other organs. In future, nanorobots the size of a molecule
will be used for targeted drug delivery.

There is a shift from standardized meth-
ods of treatment to personalized selec-
tion of medicinal products based on the
genetic characteristics of each individual
patient. Genetic technologies are being
developed that will allow the correction
of genetic abnormalities before birth or
the use of a few injections to cure dis-
eases previously considered incurable.

The development of regenerative medi-
cine, including the preparation and use of
stem cells and 3D-bioprinting, is bringing
closer what were previously fantas-
tic-seeming possibilities for growing and
replacing tissues and organs, and the de-
velopment of ideas at the intersection of
medicine and information technology is
changing standard approaches to health
monitoring and treatment. For instance,
the spread of portable medical and test-
ing devices allows the efficient collection
of a large amount of data which can be
used for the effective prevention of

diseases, as well as early diagnosis and
timely treatment. Developments in labo-
ratory technologies lead to dramatic im-
provements in the accuracy and speed of
tests and expansion of the range of
analysis methods, including at home.

In order to create an effective system of
health care, many countries introduce
unified information systems that facili-
tate a patient’s access to health care at
various hospitals. The development of
telemedicine involving the remote provi-
sion of medical advice increases the ac-
cessibility of quality health services by
dwellers of remote areas, while at the
same time optimizing the costs involved
in organizing health systems.

Trends observed in modern medicine are
present in Russia, too. For example, Rus-
sian companies and research institutes
are producing internationally recognized
results in the field of 3D-bioprinting, cell
and gene therapy, personalized medicine,
and targeted drug delivery; Russian hos-
pitals are implementing medical infor-
mation systems and adapting to the use
of telemedicine. However, because of the
social importance of the sector and the
high level of regulation, government poli-
cy is of great importance for the deve-
lopment of the medical industry. Thus,
financial support from the government is
needed to eliminate the incipient techno-
logical lag in medicine caused by the lack
of the infrastructure funding in the
1990s, and the development of cellular
technologies and active incorporation
thereof into medical practice is limited
by the underdeveloped legal framework
in this area. It is important, therefore to
implement strategic programs of the



Government of the Russian Federation
aimed at the development of the phar-
maceutical and healthcare sector
through the promotion of innovation and
technological advances in the industry.

The Federal Target Program for the De-
velopment of the Pharmaceutical and
Medical Industry up to 2020 was adopt-
ed with a view to introducing an innova-
tion-based developmental model for the
pharmaceutical and medical industry. Ac-
cording to the stated aims, by 2020 do-
mestic production must account for at
least 50% of the total volume of the do-
mestic market in value terms, and at
least 80% of goods produced must be
innovative and under patent protection. It
is also anticipated that, in the course of
the implementation of the program, 75%
of pharmaceutical companies and 85%
of companies producing medical equip-
ment will be upgraded.

To achieve these goals, the state program
envisages the allocation of RUB 1.5
trillion for the funding of research

and development activities. Another
instrument of partnership between the
government, innovation-oriented indus-
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trial companies and research and educa-
tion entities is the creation and
development of scientific and industrial
clusters. The program resulted in seven
medical and pharmaceutical territorial
innovation clusters being set up in Rus-
sian regions (in the St Petersburg, Mos-
cow, Kaluga, Tomsk and Novosibirsk
Regions and the Altai Territory), bringing
together the most active organizations
in the area of the development and pro-
duction of innovative pharmaceutical and
medical products.

One of the first examples of the success-
ful development of innovative medical
products demonstrating the ability to
compete with international corporations
is presented by BIOCAD, whose pharma-
ceutical complex is situated at the Neu-
dorf site in the Saint-Petersburg. In early
2014, company registered with Ro-
szdravnadzor (the Federal Service for the
Supervision of Public Health and Social
Development) a bioequivalent of Ritux-
imab, Trastuzumab and Bevacizumab —
anticancer medicines based on
monoclonal antibodies. The production
capacity of the existing plant will meet
the Russian demand for biological medi-

cines used for treatment of cancer and
autoimmune diseases, and will replace
the imported medicines Herceptin, Avas-
tin and MabThera. Today, federal budget
expenditures on purchase of the three
medicines are RUB 13 billion per year,
and BIOCAD's bioequivalents will be 30%
cheaper than foreign medicines'.

In order not to lose their share in the
growing Russian market, 54% of foreign
importing manufacturers are considering
the possibility of contract-based produc-
tion on the premises of Russian
manufacturers.

' http://www.kommersant.ru/doc/2474182
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Head of the Academician P.V. Sergeyev Chair

of Molecular Pharmacology and Radiobiology, MBF,
the N.I. Pirogov Russian National Research
Medical Institute

‘The main reasons why Russia is lagging behind the West in the develop-
ment of modern methods of treatment and diagnosis, and not achieving
definitive results, are improper organization of research teams, the lack
of contact they have with the production sphere and inappropriate imi-
tation of the Western system. It is essential to create expert groups con-
sisting of niche specialists who are capable of taking a holistic view of
the various lines of development within medicine and offering ways of
creating more effective and safer treatment methods. Expert groups
would set specific tasks for research laboratories, monitor their perfor-
mance and be responsible for practical implementation of solutions.”

EVGENY ZAYTSEV

Managing Partner at RMI Partners

“The biopharmaceutical industry can no longer function as it has done
for the last few decades. It is well known that most drugs (90%) help
only 30-50% of patients. Accordingly, the remaining patients do not re-
ceive any therapeutic effect, while the world's health systems spend
hundreds of billion of USD on useless drugs every year. That is why doc-
tors, patients, insurance companies and regulators today are demanding
a personalized approach from drug developers. Often, companion diag-
nostic products for a medicine are developed before the medicine gets to
the market. If previously medicines were designed to attack the disease
mechanism, and such attacks were increasingly carried out at a deep
molecular level, today medications even at the research stage are aimed
at specific categories of patients with particular biomarkers — metabolic
or genetic characteristics — which influence the effectiveness of the
medicine. Today, medicines are targeted and delivered precisely to those
organs and tissues where they are most needed, and means of con-
trolled release allow the effects of a medicine to be adjusted over a cer-
tain period of time.”

PERSONALIZED
MEDICINE

"Treating the person, not the disease" is
a key principle of personalized medi-
cine (PM) and an approach that affords
great opportunities for improving the ef-
ficiency and safety of medical services.

The purpose of personalized medicine is
to ensure that every patient receives the
medical product that is best for their
needs. This is achievable through the use
of suitable diagnostic tests which reveal
specific mutations in the patient and the
development of drugs (e.g., anti-cancer
drugs) that are effective against specific
mutations. Although it will take time to
realize the potential of personalized
medicine, it is now widely believed that
the days of the "one drug for all" principle
are numbered.

Personalized medicine is a fast-developing

field. For example, in the USA, the market

for commodities and services related to
personalized medicine is estimated at
USD 232 billion and is set to grow by
119% annually, doubling by 2015.

This trend is aided by the big pharma-
ceutical companies (e.g., Roche has al-
ready made PM the center of its
strategy since 2006 by making invest-
ments in 2 areas: pharmaceuticals and
diagnostics), as well as by new players.
Sony is embarking on a new venture con-
nected with the study of the human ge-
nome and the application of the results
in personalized medicine (the company is
known as P5 Inc.). Google has also made
an appearance on the market (its
subsidiary Calico, established in 2013,
investigates problems of aging and con-
comitant diseases).




Personalized medicine begins with re-
search into the nature of a disease and
its patterns as defined by means of bio-
markers (e.g., proteins, genes and other
biological markers in the body's liquids
and tissues that could be indicative of
disease or response to drug therapy).
Biomarkers help to reveal targets for
drug action and facilitate the selection
of the drug and dosage.

Biomarkers are critical for the develop-
ment of personalized medicine. They can
be used to evaluate the risk of progres-
sion of the patient's disease and predict
the most probable course of progression,
to divide patients into categories based
on biological signature and probability of
response to treatment, to monitor treat-
ment and to check disease progression
and response to treatment to determine
whether a drug has had any effect or
whether there has been a relapse.

MEDICINE
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One of the main lines of research in the
area of personalized medicine is the
search for new biomarkers, and particu-
larly protein biomarkers or DNA-based
biomarkers. The appearance of new bio-
markers enables a pharmaceutical com-
pany to develop and commercialize
innovative drugs and improve diagnostic
tools. For example, in 2014, a new bio-
marker, TMAO (Trimethylamine N-oxide),
was found to identify the risk of cardio-
vascular diseases, which could help to
predict the probability of heart attack or
stroke, and there is ongoing research
into biomarkers for the treatment of Alz-
heimer's disease and oncological
diseases.

Biomarkers Use for the Treatment

of Different Diseases

Oncology

Cardiovascular
Autoimmune
Neuroscience

Metabolic / endocrinology
Ophtalmology

Infectious disease

Genitourinary

Biomarkers will play much a more signifi-
cant role than now in the medicine of the
future. At present, companion tests are
required or desirable for the prescription
of only a small proportion of drugs. Mar-
ket players believe that, in the long term,
the number of new drugs used in combi-
nation with companion tests will grow
rapidly.

Russia has strong scientific potential in
the area of personalized medicine: rele-
vant research is conducted at Pirogov
Russian National Research Medical Uni-
versity, the PA. Herzen Moscow Cancer
Research Institute and the Orekhovich
Institute of Biomedical Chemistry.

40%

0% 5% 10% 15% 20% 25% 30% 35%
I
Using biomarkers for treatment
I efﬁcacy evaluation
I
I
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GENE THERAPY AND
SOFTWARE DEVELOPMENT

The study of an individual’'s genetic features is one of the fun-
damental elements of personalized medicine, enabling the iden-
tification of a patient's predisposition to specific diseases and
the provision of tailored medical treatment, including the selec-
tion of drugs and the scheduling of treatment. Today, the major-
ity of clinical trials in this area are focused on cancer control,
since one of the causes of the appearance of malignant tumors
is the abnormality of the gene structure. In order to keep the
prescribed treatment and its negative impact on the body to a
minimum, gene therapy has been actively developed. Gene ther-
apy may be defined as treatment by means of direct impact
upon and modification of the human cell genetic apparatus.

Gene therapy may involve the introduction of new DNA into the
affected cell, as well as stimulating the functioning of the
body's own genes through the introduction of a therapeutic
gene. This is a fundamentally new approach to the treatment
of diseases, focusing on elimination of the initial cause of the
disease rather than its effects.

Gene editing is a safe and effective method of treatment of
serious diseases, as it eliminates the need to take drugs that
have a negative impact on the entire body. Scientists are look-
ing at gene therapy as a possible method of treatment for dis-
eases such as AIDS and the restoration of eyesight in patients
with hereditary progressive forms of blindness.

Specialists at Washington University have developed a mecha-
nism that can be used to perform procedures with artificial
DNA molecules. It may lead to the creation of a universal cell
programming technique based on the mathematical descrip-
tion of the chemical system (a set of instructions for the pro-
gramming of chemical reactions in the cell with the aid of
DNA).2 Such systems could work as "smart" suppliers of drugs
or disease sensors at the cellular level ?

The joint project undertaken by the Human Stem
Cells Institute (HSCI) and Biofund RVC involving the
creation of the Genetico Centres Network in Russia
to carry out work in the sphere of personalized medi-
cine may serve as an example of the realization of
the personalized medicine approach.* The main pur-
pose of the project is to prevent diseases with a ge-

netic component, to provide patients with timely
information about the possible development of he-
reditary diseases, to provide consultation, diagnosis
and individually tailored drug therapy, and to pre-
vent cancerous diseases. The total amount of invest-
ment in the project in the first two years will be RUB
180 million. The project will be implemented
through the Centre for Genetics and Regenerative
Medicine, an HSCI subsidiary.

Scientists at Berkley University have developed the CRISPR
methodology which makes it possible to edit (program) the
genome and change the genetic code as desired. The new tech-
nology enables any part of the human genome to be “repaired”
with maximum precision without provoking gene mutations.
This methodology helps not only to treat or prevent inherited
diseases, but also to edit the genome even at the embryo stage.®

2 http://habrahabr.ru/post/196048/

> http://www.qwrt.ru/news/520

5 http://russian.rt.com/article/17940

©  http://medvestnik.by/ru/issues/n_8658.html
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USE OF NANOROBOTS
FOR TARGETED DRUG
DELIVERY

Scientists worldwide are conducting research aimed at the cre-
ation of systems for targeted drug delivery. The delivery of a drug
directly to the primary site of a disease makes it possible to re-
duce adverse reactions of the body to the impact of the drug
(e.g, in the context of chemotherapy), as well as to reduce the
therapeutic dose of the drug and increase its efficiency.

A wide range of targeted drug delivery technologies has been de-
veloped, from localized drug delivery to chemical modification and
encapsulation.

One of the most promising trends in the development of targeted
drug delivery is nanorobots — molecule-size robots that can
move, process and transfer data, accurately locate the site of a
disease and deliver the necessary substances®. Nanorobots can
be used for the removal of thrombus and concrements, the treat-
ment of atherosclerosis and the diagnosis and treatment of dia-
betes through control of the blood glucose level; nanorobot
capabilities can be also used for oxygenation of tissues, resto-
ration of the vascular system and monitoring of the concentra-
tion of various nutrients in the human body.°

Nanorobots could be used to diagnose and treat cancerous
diseases without the need for chemotherapy. The first nanorobot
was developed in 2014 by Korean scientists at the Chonnam Na-
tional University."

Russian scientists at the Prokhorov General Physics Institute, the
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry and the
Moscow Institute of Physics and Technology were the first in the
world to be able to program nanoparticles to carry out logical op-
erations with the aid of biochemical reactions. A specially adapt-
ed outer layer enables nanoparticles to react to the presence of a
specific substance, acting as a signal.

The creation of an artificial chromosome is one of
the methods of DNA programming. Researchers at
the Human Stem Cells Institute (HSCI, Moscow),

in cooperation with the Institute of Cytology RAS
(Saint Petersburg) and the National Health Institute
(Bethesda, USA), have developed an artificial chro-

mosome that can fight against hemophilia.

Scientists from Japan, the USA and other countries
are conducting research aimed at the development
of artificial chromosomes programmed to treat vari-
ous diseases. Chromosomes contain necessary genet-
ic information and transmit it to cells. If the testing
and practical application of artificial chromosomes
proves successful, they could be of great significance
for the treatment of various diseases, including in-
herited diseases.

Despite the wide range of possibilities, the absence of
corresponding mechanisms for controlling nanorobots was im-
peding active development and implementation. This problem
was successfully solved by the use of propeller engines which
make nanorobots move in the required direction, passing through
vessels and penetrating into cells by virtue of the action of the
magnetic field on the screw mechanism."" If the results of animal
testing are successful, nanorobots will probably be used for the
treatment of human diseases in the near future.

/" http://cyberleninka.ru/article/n/napravlennyy-transport-lekarstvennyh-preparatov-sovremennoe-sostoyanie-voprosa-i-perspektivy
8 http://nanorobotics.insa-cvl.fr/WorshoplCRA2014/tc-biorobotics.com/icra2014/docu.php/start.html

9 http://www.azonano.com/article.aspx?ArticlelD=2035

' http://www.techandinnovationdaily.com/2014/01/16/cancer-fighting-nanorobots/
" http://www.epochtimes.ru/uchenye-sozdali-nanorobotov-s-dvigatelem-v-forme-shtopora-98930605/
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REGENERATIVE
MEDICINE

TREND
USE OF STEM CELLS

Stem cell therapy is a relatively new
medical trend. Active research in this
area has been conducted since 1998,
when American scientists discovered hu-
man embryonic stem cells and demon-
strated their ability to differentiate into
almost any type of human body cells'.

Applocation of Stem Cells

Stem cells can help to restore any organ,
and the use of such technology in regen-
erative medicine, reducing the need for
the use of donor organs, has great pros-
pects: in 2013, Russian doctors per-
formed about 1400 transplantation
surgeries, which accounted for around
16% of the demand at most. Today a
great deal of faith is put in the potential
of stem cells to treat such socially signif-
icant diseases as diabetes, diseases re-
sulting in loss of skin integrity,
myocardial infarction, muscular dystro-
phy and neurodegenerative diseases.'

So far, scientists have been able to use
stem cells to produce tissues of the liver,
muscles, eye cornea, heart and other or-
gans. In April 2014, researchers man-
aged to create artificial blood cells in
vitro from induced stem cells. Industrial
production of sterile artificial blood may
commence in 2016.'.

EYES

visual system treatment

HEART

recovery of cardiac muscle

VESSELS

tissue recovery

|

|

SKIN

transplantation of tissue and skin
recovery as in burn treatment

FAT CELLS

for recovery surgery

NERVES

recovery of nerves in spiral
chanel and peripheral nerves

TEETH

recovery of tooth tissue

|

|

INSULIN-
GENERATING CELLS

for treatment of diabetes

BONES, CARTILAGES
AND TISSUES

merging and recovery of bones,
recovery of joints, lung and liver tissues

BRAIN CELLS

Parkinson’ and Alzheimer’
disease treatment

12 http://www.cellmed.ru/page.php?id=14

'* http://vnauke by/news/Stvolovye-kletki-i-regenerativnaya-medicina
" http://www.rg.ru/2014/04/16/krov-site-anons.html




Scientists at the Novosibirsk Scientific
and Research Institute of Traumatology
and Orthopedics were the first in the
world to develop a technology for cultur-
ing human bone tissues from stem cells.
The first sample of bone grown in vitro
was presented at the International Sym-
posium held in Novosibirsk. At present
the development is at the in vitro stage,
but it may become possible to perform
surgical operations to restore damaged
parts of bones and joints using cultured
tissues, providing a possible alternative
to prosthetics.

MEDICINE
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The Global Stem Cell Therapy Market by Region
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The number of stem cells in an embryo is 1 cell per 10 thou-
sand, while in an adult it is 1 cell per 5-8 million." This is a key
factor in the main area of research in this field, which is the
search for new methods of producing stem cells in vitro. Until
recently it was only possible to clone stem cells taken from
embryos and newborns. In 2014, American scientists managed
for the first time ever to clone stem cells obtained from the tis-
sues of adult humans.'® They have also found a new method
for deriving stem cells from dental pulp cells.

The discovery by Japanese scientists of a method for producing
stem cells from adult cells using acid constitutes a significant
breakthrough, and the further development of this method will
provide simple and affordable ways of obtaining pluripotent
cells.

Annual Growth Rates of the Cell Therapy
Market by Clinical Area

0%  10% 20% 30% 40%

Organ transplant
Oncology
Cardiology
Ophthalmology
Cord Blood and Cell Banking
Dental
Neurology
Orthopedics
Urology

Skin

Others

Source: MedMarket Diligence, LLC.

Promising research results are conducive to increased invest-
ment in cell technology development by the big pharmaceutical
companies, private investors and government agencies. . “The
volume of investment and the quantity of research into stem
cells are growing” says Yusef Hesuani, CEO of 3D Bioprinting
Solutions. “The quantity of clinical stem cell research at the
National Institute of Health is increasing by 10% annually.” As
a result, experts predict that the global stem cell therapy mar-
ket will exceed USD 96 billion by 2015".

Programs for the creation of cord blood cell banks
have been established in many countries of the
world. However, this type of cell suits only the donor
or his/her immediate family. This is why high priori-
ty is being accorded to research relating to the cre-
ation of multipurpose stem cells of non-embryonic
origin.

Japan announced the creation by the Center for iPS

Cell Research and Application at Kyoto University of
the first national bank of multipurpose stem cells of
non-embryonic origin which do not cause host reac-
tions. At present, cells are produced using skin cells
taken from the patient; however, this takes too long
and the costs exceed USD 100 thousand. Applying
methods developed by Professor Shinya Yamanaka
will make it possible to grow and store cells in ad-
vance. It is expected that, by the end of 2014, mate-
rials will have been accumulated which could be
used to grow any human tissues and even organs
without a host reaction from the body. In ten years’
time 80-90 % of the population will be able to bene-
fit from transplants of organs grown in such banks.
The Japanese Government intends to allocate up to
USD 300 million to finance the professor's activities
over 10 years.’®

> http://izvestia.ru/news/569643

'® http://www.gazeta.ru/science/news/2014/04/18/n_6092145.shtml

7 http://www.forbes.ru/reklama/249846-kletochnye-
tekhnologii-stanovyatsya-vse-bolee-priviekatelnymi-dlya-
vlozheniya-investi

10
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TREND:

APPLICATION OF 3D PRINTING
IN REGENERATIVE MEDICINE

One of the trends in the development of innovative medical
technology that focuses on satisfaction of the demand for do-
nor organs demand is bioprinting — 3D printing using living
cells. “Worldwide there are currently around 80 companies, re-
search groups, and various organizations working in the field of
bioprinting. Among them are three academic groups and our
privately owned company engaged in the development of this
field in Russia’, — says Youssef Hesuani.

According to some forecasts, the 3D market for products
based on complex materials such as living cells will grow hun-
dreds of times over the next 10 years. It is expected that in the
years to come 3D-bioprinting will begin to meet the growing
demand for cartilage tissue, and printed versions of complex
organs such as kidneys and livers are expected to appear on
the market by 2030.

3D Bioprinting Market
888
451 I
2014 2018 (forecast)

Source: TechNavio.

80* 1-

of patients in need of
kidney transplantation
are still waiting for donor
organs

for transplants

Tissue cells come in
form one nozzle of the
3D printer, and from
another comes hydrogel,
which forms a support-
ing structure

Printed cells naturally
connect with each oth-
er, strengthening the
tissue structure

years

expected waiting time

The 3D-printer forms
the 3D tissue structure,
printing layer by layer

The hydrogel supporting
structure is removed
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“Today, there are two major unsolved problems impeding the active
development of 3D-printing: vascularization (the formation of tis-
sue inside the blood vessel network) and innervation (supplying tis-
sue with nerves). Solving these would be a major step towards
achieving the ability to print complex organs’, says Yusef Hesuani.

Scientists at Harvard University have obtained impressive results in
this area. In 2013, a team under the guidance of Professor Jennifer
Lewis managed to create a biological tissue with a branched blood
vessel network. For that purpose they used special "ink" consisting
of various types of cells. The application of 3D printing may sub-
stantially accelerate the creation of artificial organs for testing
drugs and possibly, in the long term, for transplantation to humans.

In 2013, the American company Organovo announced the printing
of a sample of liver tissue more than 500 microns thick which re-
tains the same type of metabolic activity as a natural one for at
least 40 days. In mid-2014, the company said that liver tissue print-
ed using their technology also has predictive potential. According to
Yusef Hesuani, the use of 3D-bioprinting to obtain samples for the
purpose of pre-clinical studies of pharmacological agents has great
prospects. The creation of the liver construct by Organovo is the
most prominent achievement in this area. Tests using liver tissue
printed by Organovo revealed a negative effect of a medicine
which had previously been studied in the laboratory and successful-
ly passed a series of pre-clinical animal tests.

TREND:

BIONIC ORGANS

One of the trends in bionics — applied science consisting in
the application of organizational principles, properties, func-
tions and structures found in nature to the design of technical
devices — is research associated with the development of bi-
onic prosthetic devices and implants. Despite the imperfection
and high prices of such technologies at the current stage of
development, some devices have been already used for trans-
plantation into humans.

The main focus at this stage is the improvement of already
created bionic organs and the development of new ones; for
instance, modern prosthetic devices controlled by neural sig-
nals enable their owners to perceive objects. Leg prostheses
created in the Vanderbilt University are connected to nerve fi-
bers in the leg, which enables them to be controlled by the
"power of thought', while arm prostheses can now be controlled
through the implantation of tiny electrodes into the brain by
neurobiologists at the University of Pittsburgh.

3D Bioprinting Solutions is a Russian company which
develops 3D bioprinting technology and is involved in
the development of reproductive medicine technology
in Russia. It formed the first laboratory in Russia for
the 3D bioprinting of organs and tissues. “3D Bioprint-
ing Solutions is one of 10 companies in the world and
the only one in Russia involved in designing both a bi-
oprinter and all bioprinting components: bioinks and
biopaper”, says Yusef Hesuani. The owners of Invitro
have invested funds in the company, and in 2014 USD
3 million was reported to have been invested. The pur-
pose of this innovative project is to solve the problem
of the shortage of donor organs for transplants. A bio-
printer was created at earlier stages, and "bioink’, 'bio-
paper” and elements of branched vessels were
produced. The company remains hopeful of demon-
strating the first 3D bioprinter in 2014. In the long
term the biotechnological research laboratory plans to
produce a kidney; according to experts, this objective
can be achieved by 2030. The choice of this organ was
not accidental, as according to the FSBI Shumakov
Federal Research Center of Transplantology and Artifi-
cial Organs of the Ministry of Health of the Russian
Federation, in 2012 24,000 people were dialysis- de-
pendent. The cost of caring for such patients is at least

minimum USD 1 million over 12 years.

12
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In 2013, London's Science Museum unveiled a bionic human
called Rex which is made entirely from bionic organs, with the
exception of lungs, bladder, stomach and brain, since scientists
haven't yet managed to create these organs artificially. Technol-
ogy for improving memory and intelligence, which will probably
be used by people in a few decades’ time, is currently at the de-
velopmental stage.

Bionic organs can be used not only for prosthetics, but also for
the treatment of diseases such as diabetes. Scientists of the
Boston University created a pancreas with "smart" insulin pumps
which is connected to a sensor measuring blood sugar level and
determines the required amount of insulin to be delivered by the
pumps. The pancreas can be controlled by a mobile application.

According to expert forecasts, the global market for artificial and
bionic organs will have grown to USD 38.75 billion by 2020 with
an annual average growth rate of 9.3%.'° The creation of artifi-
cial bionic organs will enable hundreds of patients' lives to be
saved, and prosthetic devices capable of reacting to signals from

9 http://www.grandviewresearch.com/press-release/
global-artificial-organ

the central system will make it possible for people with severe
injuries to resume a normal life.

In February 2013, Wentai Liu, Professor in Bioengi-
neering (UCLA), created the first bionic eye for blind
people, the Argus II Retinal Prosthesis System, which

was successfully used twice during operations on 16
and 22 January 2014 by surgeons at the University of
Michigan. These prosthetic devices enable people to
orientate themselves, read texts in large print and see
the contours of objects and faces.>®
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MOBILE MEDICINE

The mHealth market, consisting of wear-
able devices, mobile applications, data
analysis tools, portable medical devices
and telemedicine, is actively developing.
According to analysts' forecasts, the
turnover of the global mHealth market
will increase fourfold by 2017 to up to
UsD 50 billion.

Apart from the fact that remote supervi-

sion devices facilitate diagnosis at home,

without the need to visit a specialist in
person, they also help to optimize the
working process in clinics. For example,
blood pressure monitors can automati-
cally measure pressure level at time in-
tervals set by the doctor and send data
to the attending doctor via the internet.
If the figures obtained exceed a permis-
sible level, the doctor is informed imme-
diately and can take emergency
measures without losing time. It is ex-

pected that among mobile applications
those that focus on health monitoring
will be the most popular — by 2017 their
share will be 65% (USD 9.8 billion).
Among these, particular attention will be
paid to technologies designed to help
monitor the health of people who have
chronic diseases or are recovering after
iliness. The share of such programs will
account for 70% of the market (USD 6.8
billion) in 2017.

TREND:

USE OF PORTABLE
DEVICES

The development of the market is con-
firmed by data from the International
Consumer Electronics Show (CES-2014),
where the number of companies offering
digital medical devices has risen by 40%
compared with last year to 300 firms.?'

The Global mHealth Market, USD billion

Wearable devices
Portable devices
Telemedicine
Mobile applications

Data analysis tools

Juniper Research predicts that the global
market for portable devices will grow by
more than 70% annually and amount to
USD 7 billion by 2017.

According to Egor Rudy, the co-founder
of the PROFI.RU service, there will be ac-
tive development in the area of portable
diagnostic devices and methods provid-
ing detailed data, primarily because of
people’s increased awareness of the im-
portance of looking after one’s health
and the need to monitor it on a day-to-
day basis.Compared with fitness brace-
lets, which help to measure a limited
range of basic parameters (pulse, respi-
ration rhythm, etc.), the functional capa-
bility of modern portable medical devices
is considerably wider. For example, one
of the most awaited innovations of 2014
is the Scanadu Scout: simply placing a
tiny sensor on various parts of the body
enables a person to obtain almost all in-
formation about his body that is required

21 http://yvek.ru/raprkeTbl/HoCcUManA-MeaMUMHA/
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for sports activities or looking
after his health: pulse, tem-
perature, oxygen level in the
blood, pressure, breathing rate,
ECG, and psychological stress
level.

“Portable devices facilitate
comprehensive monitoring of
human health and faster
patient-doctor feedback,
accelerating the adoption of
emergency measures when
needed and, in the future,
enabling the administration of
medications to be managed
with dosing devices built into
organs’, — believes Alexander
Galitsky, the founder of Almaz
Capital Partners venture fund.

There is also expected to be
great demand for diabetic de-
vices. This trend can be ob-
served in the development of
noninvasive glucose meters.
The first noninvasive glucose
meters were rather large and

weighed 4-5 kg, while today

they are the size of an ordinary
watch, and improvements are
continuing to be made.

MEDICINE
& HEALTHCARE

DMITRY YURCHENKO

General Director of the Knopka Zhizni Project

“We borrowed the idea of creating an emergency call system for the elderly and
disabled from the United States. There, the emergency call button and the drop
sensor (option) are embedded in a person’'s mobile phone, bracelet or pendant. In
Russia, there was no such solution before we came along, while in the USA it has
existed for over 30 years.

The first thing we encountered in Russia is mental attitudes that are different from
those in the West and Asia. In the West, older people often take care of themselves.
They have a habit of getting insured, “laying straw” for their future. People are will-
ing to pay for insurance products. In fact, our product is also a kind of insurance —
the ability to make an emergency call in the event of an accident.

In Asian countries, on the contrary, people adopt a comfortable approach towards
old age, and children take special care of the elderly. Services similar to the “life
button” are easily promoted as “symbols of love and care”.

But Russia lies between these two attitudes. We primarily take care of children and
ourselves, and the elderly are accorded a low level of priority. But the elderly them-
selves are fatalists — what will be, will be. In fact, we are fatalists at any age: if corpo-
rate voluntary health insurance is not provided, people will not buy it independently.

In Russia, many people like the service, but not many are willing to pay for it. It is
too early yet to say that we have created a market. It will take five to ten years for
people to acquire awareness of the need for such a service, and for a constant de-
mand to emerge. Potentially, we might gain around 100,000 customers over the
next three to four years. After 10 years, that figure could grow to 1 million people.
In the United States, television advertising is broadcasted in prime time: ‘I have
fallen and I cannot get up ..." It is hard to imagine similar advertising in Russia —
the service is very expensive, and the market is not yet ripe.

As regards the scale of the problem, in Russia there are currently 18 million elderly
people, and by 2020 there will be around 40 million (about 1/3 of the population),
as those born during the “baby boom” reach retirement age. Currently, out of 18
million elderly people one-third require emergency assistance at least once a year,
and 25% of them do not receive timely assistance — they cannot make a tele-
phone call or call for help, as there is no one around.

During the first year, our project was funded by money from investors. Over time,
state support became of key importance to us. We received grants from the Foun-
dation for Assistance to Small Innovative Enterprises in the Field of Science and
Technology (the Bortnik Fund), won tenders organized by the RVC, and received in-
vestments from the IIDE Now, the main cash flow comes through public procure-
ment. The state buys the device and the service and sells them as part of social
welfare programs.”
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In 2014, Google, in cooperation with Novartis, an-
nounced contact lenses with incorporated glucose
meters that can receive data on blood sugar level in
real time.

"Smart contact lenses" consist of a wireless chip and a
miniature sensor placed between two layers of the
lens material that measures the glucose level in a
tear. In order for the data to be transferred and pro-
cessed the device is synchronized with a smartphone
or tablet PC. Lenses can measure the level of glucose
once per second. Now the company is working on the
addition of a light-emitting diode capable of giving
signals if the glucose level exceeds the permitted val-
ue. A prototype of such lenses was demonstrated in

January 2014. Now the company is conducting nego-

tiations aimed at getting the product released on the
market in 2015.

Almost all portable electronic devices and portable diagnostic
devices are used along with smartphone applications. By 2015
the number of users of diagnostic mobile applications is ex-
pected to reach 500 million, and this number will increase by
1.7 billion by 2018.

In May 2014, Samsung announced a cloud platform SAMI (Sam-
sung Architecture Multimodal Interaction) and a wrist device, Sim-
band, which monitors the physical condition of the owner. The
bracelet transfers data to the cloud via sensors, where it is stored,
processed and systematized. SAMI is capable of interacting not
only with the Simband device: anybody who wants to develop ap-
plications and devices for the platform can do so.

Their major competitor is Apple, which in early June 2014 an-
nounced the release of HealthKit — a software package for the
new |0S 8. This technology, similar to SAMI, enables health data
to be measured and transferred to other applications and directly

to medical institutions. The daily collected information enables in-
surance companies to be warned of risks of imminent payments
on insured events and helps doctors to evaluate a patient’s health
condition with more precision.

Increasing the amount of data collected from portable devices is a
driving principle in the development of the analytical tools seg-
ment and corresponding processing technologies. The market for
analytical data processing tools is actively developing and
becoming more accessible. According to Ovum Agency, the market
will grow from USD 5 billion in 2013 to USD 11 billion in 2018
with an average growth rate of 30%. One such tool is Big Data, an
application which in some cases enables research time to be cut
from one year to a few weeks and helps doctors to determine the
risk of disease.”?

22 http://www.computerra.ru/90582/vanderbilt-puredata/
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smartphone users will be
using mobile health apps
for diagnostics by 2018
compared to 500 million
in 2015

Another tool that enables the processing of a huge amount of data
and the diagnosis of illnesses is the supercomputer Watson. IBM
began preparing the computer for use in medicine in 2011: the
machine has "studied" more than 3 million pages of medical books
and the medical records of 1.5 million patients.?* Today Watson is
already used for practical consultations; the accuracy of its diagno-
sis of cancerous diseases and selection of the optimum method of
treatment is 90%:.** With the aid of the computer medical compa-
nies such as WellPoint Inc?> can process data quickly and suggest
optimum solutions based on the patient's genome.

TREND:

DEVELOPMENT OF NONINVASIVE
INTERFACES IN MEDICINE

Noninvasive and minimally invasive methods of treatment and
diagnosis have become more and more popular in recent

times. In addition to glucose meters, new portable devices for
home noninvasive diagnosis are being developed and commer-
cialized. For example, in 2014 a noninvasive hemodynamic
monitoring system was created (control of stroke volume and
cardiac output), which produces data similar to the data ob-
tainable with the aid of invasive catheters, using just a finger
cuff and a standard cardiac sensor. This technology makes it
possible not only to measure absolute values of the cardiac
function, but also to monitor changes in those values in real

time.?®

5 http://habrahabr.ru/post/166467/

24 http://www.forbes.com/sites/bruceupbin/2013/02/08/
ibms-watson-gets-its-first-piece-of-business-in-healthcare/

» http://www.wellpoint.com/PW_D014812.htm

% http://mhealthrussian.wordpress.com/2014/07/21/clearsight/
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The introduction of noninvasive methods
of early diagnosis and treatment of dis-
eases has made it possible for patients
to use interfaces at home and report
necessary information to the doctor on a
regular basis prior to an appointment,
which helps save the doctor's time and
means that the patient doesn't have to
visit the clinic so often.

In addition to noninvasive diagnosis
methods, minimally invasive methods are
used during treatment or surgeries. For
example, the Russian company Smart
Innovations (Tomsk) is developing a
new-generation noninvasive insulin
pump. The system will measure and con-
trol sugar content in the blood without
any punctures and calculate the amount

VLADIMIR
KOVALSKY

General Director of
MEDESK

“Patients and health care institu-
tions need quick access to vast
amounts of information that has
to be quickly transferred between
them. Soon, there will be a com-

pletely new generation of inte-
grated health records, which will
include data collected by patients
themselves as well as those ob-

tained by physicians in clinics
and laboratories. There is a need
for an ecosystem enabling easy
interaction between patients and
doctors”.

of insulin needed to prevent a future in-
crease in the sugar level. These data will
be transferred to a microcontroller which
controls the speed of delivery of insulin
through the skin into the blood. Insulin
will be transferred to the blood via a
plaster saturated with a special sub-
stance to enlarge the skin pores. Invest-
ments in this project amounted to RUB
11 million, and commercialization is
scheduled for 2015.

The importance of noninvasive or mini-
mally invasive methods of treatment is
linked to the fact that many operations
involve a high degree of surgical risk, and
this means that many patients have to
decline such operations. In such cases
innovative minimally invasive procedures

make operations for high-risk patients
possible. For example, the Micra Tran-
scatheter Pacing System is one tenth of
the size of an ordinary pacemaker and
does not require any surgical incisions of
the chest, but only involves making a
pocket under the skin and inserting it in
a femoral vein. This product is now un-
dergoing a large-scale clinical trial with
the first results expected by the end of
201427

27 http://newsroom.medtronic.com/phoenix.
zhtml?c=251324&p=irol-newsarticle&id=
1883208

UNIFIED INFORMATION SYSTEMS

IN HEALTH CARE

The creation of an effective system of
health care is not possible without a uni-
fied information space. Many countries
have begun implementing programs
aimed at the creation of a unified infor-
mation space: NHS Connecting for
Health in Great Britain has had USD 25
billion invested in it up to 2014, while the
governments of Germany and the USA
also plan to invest scores of billions in
electronic medicine over the next ten
years.?®

“However, no country has so far been
able to achieve full implementation of
EMR (Electronic Medical Records) — a
system for the automation of multiple
types of medical establishments,” says
Egor Rudy. “One of the reasons for this is

the strict governmental regulation of
medicine. Liberalization of the law in
Russia would boost innovation in this
area, facilitating the faster introduction
of EMR and the development of
telemedicine”.

The Ministry of Health Care and Social
Development of the Russian Federation
has developed a conceptual framework
for the development of the information
system in health care over the period up
to 2020 in which two main lines of de-
velopment may be discerned: the forma-
tion of a unified reference information
base and maintenance of individual pa-

8 http://urotoday.ru/issue/4-2012/article/
opyt-primeneniya-sovremennykh-informat-
sionnykh-tekhnologii-v-rabote-ambulatorno
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healthcare facilities
in Moscow implemented
UMAIS

tient records.?® The first element involves
the creation and implementation of an
automated electronic medical card sys-
tem for maintaining patient health re-
cords, making appointment with a doctor
online, and the creation of a unified in-
formation space for doctors. The key
purpose of the second element is the
maintenance of day-to-day records of
medical care.

The Unified Medical Information Analysis
System (UMIAS) is implemented at 614
health care facilities in Moscow*®, and as
of July 2014 more than 24 million pa-
tients have made a doctor appointment
online®'. In 2013, the Ministry of Health
Care approved the standard form of a
unified electronic medical card within the
framework of this system, and as of to-
day more than 7,300 healthcare organi-
zations use individual record-keeping and
electronic medical cards®. By autumn
2014 they will have been introduced in
all outpatient departments in Moscow.*

MEDICINE
& HEALTHCARE

miln

Appointmets made
via UMAIS by
July, 2014

TREND:

TELEMEDICINE
DEVELOPMENT

The main advantages of telemedicine lie
in the increased accessibility of
high-quality medical services to resi-
dents of remote territories, time saving
and cost optimization for the organiza-
tion of health care system. Telemedicine
is widely used in Western countries. Out-
patient departments are widely equipped
with means of visual communication, au-
dio systems and other necessary equip-
ment. Physicians are able to collect data
on patients' condition in real time and
monitor patients around the clock. There
are services that enable qualified home
visit services to be obtained via Internet.
The market for such services will reach
USD 2.8 billion by 2017, and the volume
of the European market for telemedicine
video technologies will amount to USD
414.4 million by 2020 (USD 151.2 million
in 2013).3

° thnd

Moscow healthcare
facilities are using
electronic medical records.

In spite of the great popularity of tele-
medicine and the understanding of its
significance, Russia has only just begun
to enter this market. In 2014 the mem-
ber states of the Eurasian Economic
Community signed the Agreement on
Cooperation in the Field of the Creation
and Development of Compatible Nation-
al Telemedical Systems that allowed pa-
tients and attending medical doctors to
receive video instructions from a remote
medical center.®

2 http://www.gosbook.ru/node/15491

0 http://www.rg.ru/2014/07/16/karta-site-an-
ons.html

http://www.medvestnik.ru/
news/6_min_moskvichey_hotya_by_raz_
zapisyvalis_k_vrachu_cherez_emias/
http://www.rg.ru/2014/04/09/medkar-
ti-site-anons.html

> http://mospravda.ru/health/
article/k_oseni_2014_goda_vo_vseh_po-
liklinikah_moskvi_bydyt_vvedeni_elektron-
nie_medkarti/

Frost&Sullivan
http://www.rg.ru/2014/02/06/telemedici-
na-site-anons.html
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Which Forms of Remote
Consultation With

a Doctor do Patients
Prefer?

21"

of patients prefer to
communicate with
a doctor by email

Source: Cisco Systems.

In the nearest 2-3 years it is also
planned to create a system of military
medicine in Russia that will make it pos-
sible for doctors who are far apart or lo-
cated in remote regions of the country to
exchange experience.*®

The development of this area is restrict-
ed by the reluctance of people to share
their personal data and the low level of
the use of IT-technologies by doctors.*”
Among successful Russian projects in
this field it is worth mentioning the But-
ton of Life project, which has received
investments amounting to RUB 45 mil-
lion. This is an emergency call system

19”

of patients prefer
a video consultation with
a doctor

2 3 %

of patients would rather
call a doctor by telephone

that enables disabled and elderly people
to contact specialists and receive help by
pressing the SOS button on a specialized
device.®®

Significant prospects for innovations in
the area of the provision medical ser-
vices are also noted by the co-founder of
the PROFI.RU service, Egor Rudi: “For
example, the “InfoDoctor” portal, which
provides such services as free medical
consultations, selection of a doctor and
booking into a clinic, is every bit as good
as its foreign equivalents.”

20"

of patients prefer
to communicate with
a doctor via sms

2 O%

would like to use mobile
applications to obtain
a doctor’s advice

EXPRESS
DIAGNOSTICS,
LABORATORY
AUTOMATION
PLATFORMS

The development of laboratory technolo-
gies helps to achieve significantly im-
proved research accuracy and broaden
the range of analysis methods used. The
capacity of the global market for infor-
mation systems was up to USD 1.38 bil-
lion in 2013, and will be up to USD 2.16
billion in 2019 (CAGR 7.7% per year).*

% http://actualnews.org/politika/rossiya/16959-novost-poslednego-chasa-rossii-2 1-iyulya-v-rossii-poyavitsya-telemedicina.html
3 http://mhealthrussian.wordpress.com/2014/07/26/telemed-2/

8 http://i.rbcru/anons/item/fond_razvitiya_internetinitsiativ_investiroval
39 http://www.cnews.ru/reviews/new/publichealth2014/articles/kak_rabotaet_sovremennaya_laboratoriya_1/
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World Market of Laboratory
Information Systems

$2.16
bn
$1.38
bn
2013 2019
(forecast)

One of the key trends in the develop-
ment of laboratory medicine is the auto-
mation of laboratory processes. A variety
of laboratory methodologies provides a
wide range of possibilities for carrying
out investigations. The automation of
laboratory investigations makes it possi-
ble to exclude the influence of human
factors on the performance of tests,
thereby avoiding errors and increasing
the accuracy of the result obtained.
Standardization also cuts the amount of
time spent on investigation and allows a
lesser quantity of material to be used.

Modern laboratory automation platforms
permit the use of multiple test methods
with minimal sample use, and provide for
high investigation accuracy and auto-
mated quality control. Thus, the activities
of the governments of developed coun-
tries, primarily the USA, are directed at
building completely automated laborato-
ry information systems (LIS) at health-

MEDICINE
& HEALTHCARE

care facilities. Medical laboratories have
been split off as independent businesses,
and this has become a pronounced trend
of the last few years that has enabled
costs to be reduced and profitability to
be increased, as well as reducing the lev-
el of dependence on the availability of
relevant specialists in healthcare facili-
ties. Thus, the medical laboratory is de-
veloping into a modern hi-tech enterprise
with minimal use of manual labor.#°

Another trend in the development of the
LIS-market is integration with mobile
systems due to the growth of the mobile
medicine market. The development of
mHealth means that some laboratory
analyses can be carried out by the pa-
tient himself through a smartphone. A
set of assays carried out on an ongoing
basis (remote tests with the help of
smartphones supported by laboratory
results) and data processing increase the
precision of diagnostics.

The development of the remote assay
segment is a result of progressing tech-
nologies in the field of sensor diagnos-
tics that makes it possible for assays to
be carried out at home, producing results
on an express basis.

Semiotic (a portfolio company of RVC
Biofund) attracted RUB 84 million invest-
ments to supply in 2015 a batch of chips
that enable up to 100 diseases to diag-
nosed through one test, including onco-
logical, infectious and autoimmune
diseases.

The European Center of Innovation Deve-
lopment, a resident of the Biomed Cluster
of the Skolkovo Center, is developing a
line of biosensors for multi-parameter
individual express-immuno-diagnostics
that consists of an electronic biochip (the
matrices of 256 measuring cells), a
mobile measuring device and software. As
regards interfaces enabling the instant
diagnosis of disease, mention should be
made of a joint product of GT and DARPA.
The companies are working on the cre-
ation of an interface that can change the
color of paper upon contact with a nasal
packing according to whatever disease
might be identified, and is capable of
diagnosing a range of diseases in less
than one hour.*’

3D MODELING
IN MEDICINE

The application of computer technolo-
gies in medicine is a trend that has been
developing over the last few decades.
One of the focuses of the application of
3D graphics in medicine is the creation
of 3D models of organs and joints.

3D modeling is used as the most
important stage of organ bioprinting,
since printing is carried out on the basis
of the model provided. The 3D pattern
must exactly reproduce the vascular net-
work and organic structure of an organ.

40 http://www.cnews.ru/reviews/new/publichealth2014/articles/kak_rabotaet_sovremennaya_laboratoriya_1/
41 http://www.gmed.com/news/diagnostics-demand-device-could-be-game-changer
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One recent development is the commer-
cialization of 3D modeling services in or-
thopedics for the creation of scale
models of skeletons and organs. These
models are necessary for diagnostics
and the discussion of methods of treat-
ing complicated traumas and diseases
and manufacturing implants. The 3D vi-
sual tools allow the selection of appro-
priate instruments for an operation,
preliminary design and shaping of im-
plants and demonstration of an injury to
a patient.*? The ability to demonstrate a
surgical operation to a patient is another
area of medicine where 3D graphic tech-
nologies may be employed.*

3D modeling is extensively used in ortho-
pedics, maxillofacial and anaplastic sur-
gery. Diagnosis of diseases and injuries
of the musculoskeletal apparatus is
based on spiral computed tomography
enabling 3D reconstruction of the exam-
ined object.* The doctor’s ability to see
patient information (tomography, 3D
data of X-ray machines, ultrasonography,
etc.) allows significant improvements in
the quality of work and the planning of
surgical interventions.

3D models make it possible to simulate
characteristics that cannot be assessed
through other approaches. Medical pro-
fessionals use current imitation and sim-
ulation technologies for the creation of
models of complex human organs, in-
cluding the heart and the brain. 3D mo-
dels make it possible to simulate, forecast
and understand the activities of complex
systems in the organism and evaluate the
effects of new medicines on them.*

For instance, scientists at various re-
search institutions in the USA and China
have developed methods of creating 3D
tumors with the characteristics of real
malignancies with 90% living cells after
3D printing. The model thus produced
may be used to study the mechanisms
by which cells spread, reactions to drugs
and other molecular characteristics.

They have developed a universal meth-
odology for creating tumor models of
any type that will lead to increased
knowledge in the field of oncology and
expand the possibilities of therapy. There
are plans to model a tumor using the
cells of a specific person, which would
make it possible to forecast the progress
of the disease and select optimum ap-
proaches for treatment.*

42 http://www.dvfu.ru/-/2012-01-13-v-meditsinu-prishlihtm
4 http://krasgmu.ru/sys/files/ebooks/el_medinfo/800.html

IS

4 http://compassmag.3ds.com/ru/4/INDUSTRIYA/IMITACIYA-CHELOVEKA

IS

© http://www.abc-gid.ru/news/show/4105/

4 http://compassmag.3ds.com/ru/4/INDUSTRIYA/IMITACIYA-CHELOVEKA

The scientists have also succeeded in
creating a highly detailed model of the
heart, providing an understanding of the
mechanics of a particular patient’s heart
in order to assess the safety and effi-
ciency of treatment methods.*’

3D technologies are also used for the
development of simulators for doctors,
enabling them to practice particular skills
and feel mechanical action on tissues
and organs.

4 http://bone-surgery.ru/view/virtualnoe_modelirovanie_v_travmatologii_na_osnove_dannyh_kompyuternoj_tomo/
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INFORMATION

PECHNOLOGIES

Developments in information technologies lead to changes in all areas of life and increase the comfort
level for every individual. Everyday activities — from education and health care to financial services —
are becoming shifting to a digitized format, with improvements in quality, convenience and availability.
An important role in this process is played by the development of high-speed data networks and the in-
crease in smartphone penetration (according to forecasts, the penetration rate will exceed 50% by
2019%), which facilitates digitization and gives users increased mobility. In addition to smartphones,
new types of portable mobile devices are becoming widely available: from “smart” watches and brace-
lets to virtual reality devices. These open up new possibilities — from monitoring health and accessing
content without the need for frequent access to one’s smartphone to major changes in the communica-

tions and media industry.

The increasing number of devices used by
humans that generate a lot of information,
the growing volume of data transmitted
and the increased opportunities in the field
of data processing and recognition in-
crease the relevance of these tasks. An-
other consequence of the advent of large
data volumes is the challenge of personal
data protection both through the creation
of special software and hardware solu-
tions and through legislative initiatives.

In line with the development of informa-
tion technologies, industrial production is
also changing, including mass customiza-
tion of products and further robotization
of work processes. The application of low-

cost 3D-printing enables the creation of
unigue objects: from components of space
engines, batteries, and computer chips to
beauty accessories, gifts, and even food.
This opens up new opportunities for run-
ning small and medium-sized businesses,
as well as driving the spread of 3D-print-
ers in the mass segment. Robotization is
ongoing in a wide range of fields in agri-
culture and industry. The development of
robotics extends the range of application
of robots, enabling them to replace people
in dangerous operations and at highly tox-
ic production sites and assist the elderly
and disabled in their everyday lives.

The development of information technol-
ogies in Russia is proceeding in line with
global trends. The trend of the transfer
of activities onto digital platforms and
greater mobility of services provided is
relevant in Russia due to the increased
penetration of cellular services (growth
exceeded 170% in 2013) and the grow-
ing proportion of smartphone subscribers
(it amounted to 32% in 2013 and is ex-
pected to reach 94% in 2019%). The
country is witnessing the active develop-
ment of latest-generation data networks,
built on LTE technology, coupled with the
growing popularity of portable devices.

“€ Smartphone Connections Forecast:
2014-19, Ovum

4 Smartphone Connections Forecast:
2014-19, Ovum
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MIKHAIL
ROMANOV

EY CIS,
Telecommunications,
Media and Technology
leader

“The need to find new sources of
growth and ways of optimizing of
companies’ activities is what drives
the development of new technolo-
gies. The development and deploy-
ment of breakthrough innovations
transforms business principles, cre-
ates new markets and changes con-
sumer habits.

The rapid displacement of leading
corporations is especially character-
istic of the information technology
market.

Today's corporate champions — Ap-
ple, Facebook, Google, Cisco, and
Amazon — have displaced giant
companies which, 10 years ago,
were at the top of the list of greatest
IT companies. Some companies
which were in the top ten 20 years
ago have now virtually ceased to
exist as independent corporations.
Well-known software developers

— Microsoft, IBM, Intel — have re-
tained their leadership for decades.
In 2012-2014, the software sector
accounts for more than half of
mergers and acquisitions in the IT
industry. Every year, the software
market grows by an average of 5%.
By 2013 it amounted to USD 369
billion. We consider it to be quite an
achievement that Russian compa-
nies from the software sector, such
as ABBYY, Kaspersky, Acronis and
Parallels, are worthy competitors on
the global market'.

In many spheres of human life — educa-
tion, financial services, and processing of
large amounts of data — world-famous
brands are entering the Russian market.
However, alongside this process Russian
companies are developing, too. The most
successful Russian projects focus on soft-
ware development (compared, for exam-
ple, with initiatives for the development
and promotion of new devices), which
may be explained by historical strength in
the field of mathematics, which deter-
mines the success of knowledge applica-
tions. Thus, successful Russian projects in
the field of secure communications, online
educational services and computer vision
are likely to develop in the future.

3D-printing technology is also gaining
popularity in Russia, and it is not only the
increasing use of 3D-printers. Russian
companies are appearing which develop
and produce their own 3D-printing devic-
es, including 3D-bioprinting. Robotization
and automation of various activities are
not yet sufficiently developed in Russia
(particularly due to the availability of la-
bour resources), but they have extensive
prospects in agriculture, industry and
highly toxic production operations for im-
proving efficiency and reducing costs.

The state support of Russian software
developers will also boost the develop-
ment of IT in Russia. The main goal of
this support is to increase the level of
independency from foreign software
products. The list of remedies designed
by Ministry of Communication and Mass
Media of Russian Federation according
to the order of the President includes the
creation of special fund for IT develop-
ment and tax exemptions.

In order to modernize the economy and
bring high-tech products and technolo-

gies to the market, it is necessary to cre-
ate an infrastructure which supports
innovation. One of the tools to achieve
this goal is the creation of technology
parks (technoparks) — organizations that
provide resident companies with an
equipped industrial, research, information
and infrastructural base. According to the
HSE and High Technology Technoparks
Association NP, in 2014 there are around
80-90 industrial parks in Russia, either in
operation or at various stages of con-
struction and design. About half of this
total specializes in the IT sector.

Technoparks are usually set up on the ba-
sis of universities, research institutes or
industrial companies, and as from 2006
Russia has been implementing the gov-
ernmental program for creation and de-
velopment of technology parks in the
area of high technology, which is coordi-
nated by the Ministry of Communications
and Mass Communications. According to
the Ministry’s data, federal budget invest-
ments in the infrastructure of tech-
noparks by the end of 2013 amounted to
RUB 11.95 billion. In addition, 18,000
jobs were created, and revenue of resi-
dent companies exceeded RUB 31 billion.

The program provides for 13 parks to be
set up in 10 regions: the Republic of Ta-
tarstan, the Tyumen, Kemerovo and No-
vosibirsk Regions and the Republic of
Mordovia, as well as in the Samara, Mos-
cow, Penza, Tambov, and Kaluga Regions.
The most successful parks are in the No-
vosibirsk Campus®, which is home to 289
companies generating RUB 13.5 billion of
revenue and creating 7,700 jobs, and in
Kazan (139 companies generating RUB
6.4 billion of revenue and 3,400 jobs®").

0 http://www.academpark.com/
°! http://itpark-kazan.ru/



According to Alexander Turkot, Mana-
ging Partner at Maxfield Capital, only a
small number of Russian technology
projects currently have competitive ad-
vantages over foreign companies. For
regional companies it is quite difficult
to get access to venture capital. Like
venture funds, it is not always possible
for them to access the information
about regional projects. Maxfield Capi-
tal uses the available channels, such
as the IIDF, the RVC, Skolkovo, and
nominations and tenders, but this is
not enough. Among the fund's portfo-
lio companies there are projects not
only from Moscow, but also, for exam-
ple, from Saint-Petersburg and Novosi-
birsk. Alexander also notes that in view
of the current trend of import substitu-
tion it is important to create a system
in which large Russian companies are

interested in developing and purchas-
ing innovative enterprises, with options

for a venture investor to exit from
portfolio companies, replacing foreign
corporations within the system.

DMITRY
CHIKHACHEV

Managing Partner
at Runa Capital

Are there any promising technolo-
gy start-ups in the Russian market
capable of competing with global
companies in the future?

There are many technology compa-
nies, which have been created in Rus-
sia recently and are already
successfully competing on the global
market. In particular, some of them
are included in the investment portfo-
lio of Runa Capital. For example, NG-
INX — the developer of a web server
for high-load websites ( NGINX tech-
nology is now used by more than 146
million Internet sites); Ecwid — the
developer of the e-commerce plat-
form, which is one of the key partners
of Facebook and PayPal in the world;
and Infratel — the developer of
unique communication software
products which are successfully used
in the United States, Europe, and Asia.
Strong Russian start-ups have a high
potential in the global market.

How do you assess the role of the
regions in the development of in-
novative products?

The emergence of successful innova-
tive companies requires three basic
components: money, specialists, and
technologies. The contribution of
each region is proportional to the de-
gree of development of these three
components. It is clear that Moscow
and Saint Petersburg are historically
the major scientific and educational
centres of the country. The contribu-
tion of other regions is not so great,
but it is certainly present. The inter-
national company Ecwid from Uly-

anovsk and the BARS Group from
Kazan are worthy examples.

What might serve as a catalyst for
the development of innovation in
Russia?

We should speak about state policy
and growth points, not about cata-
lysts. There is no magic here. One
should think systematically and in
terms of the long term. As I said be-
fore, the key components of innova-
tion are personnel and technology. If
there is good personnel and advanced
technologies, the capital will come
itself. In terms of education, I am re-
lying on the government program to
increase the international competi-
tiveness of the leading universities in
Russia (TOP-100) and the reforms
that have begun in Russian science
(reform of the Russian Academy of
Sciences). In particular, the leading
universities may become centres of
growth. Together with Sergey Bel-
ousov and other graduates of MIPT,
we founded Phystech-Union in order
to contribute to the development and
modernization of the university. To-
gether, we supervise a number of ed-
ucational and business projects.

What changes are required to make
Russian technology companies
competitive in the global market?

In my opinion, no changes are re-
quired. Many Russian technology
companies, such as Parallels, Acro-
nis, Acumatica, Kaspersky, Yandex,
ABBYY, Acumatica and others are
successfully competing on in the in-
ternational market. The main thing
is to avoid legislative changes. If
these companies suddenly ceased to
be considered Russian, then we
would have nothing to be proud of.
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ALEXANDER
VASILIEV

CEO, Apps4All

“Mobility is a very broad con-
cept. We face it in all spheres of
human activity. And each of the
current trends has partly to do
with the sphere of mobile
technologies.

An example is advertising tech-
nologies. Currently, mobile me-
dia are the fastest growing
segment of digital media. Peo-
ple's attention is increasingly
focused on mobile devices. Ev-
ery day a person spends almost
100% of the time with his or
her phone, in contrast to the
time he or she spends on tradi-
tional media such as television,
print media, and radio. The ad-
vertising market could not help
but take notice of this fact.

If we talk about the global mar-
ket, we see that mobile adver-
tising in the United States and
the United Kingdom in terms of
funds raised from advertisers is
comparable with traditional
media. Unfortunately, globaliza-
tion trends come to Russia with
a certain delay (usually within
two or three years). But more
and more people are moving
from regular phones and feature
phones to smartphones that
have full Internet access. We
can therefore say with confi-
dence that we expect significant
growth in the mobile advertis-
ing market in Russia in the next
two or three years.”

DEVELOPMENT OF THE
WEARABLE DEVICE SECTOR

Wearable devices are becoming more
and more popular due to their increasing
affordability and the broadening range of
functions they perform. In addition to the
already traditional smart watches and
fitness bracelets, virtual-reality and aug-
mented-reality glasses are becoming
widespread. Forbes declared 2074 to be
the year of wearable technology, and
Bloomberg has predicted that over 100
million wearable devices will be sold
globally this year.

Wearable devices can provide real-time
information to their owners and be used
for communication and information stor-
age. They are extremely popular in busi-
nesses and in the defense industry, as
well as for personal use.

The use of wearable devices in business
makes it possible to increase the effi-
ciency and productivity of labor. For
example, wearable devices are used by
warehouse employees to simplify
searching for goods and reading their
bar codes, facilitating inventory-taking
processes and supply chain
management.

Smart glasses provide employees with
access to information necessary for their
work using voice and gestures and sim-
plify the exchange of photographic and
video information with geographically
remote colleagues. They can be useful
for equipment repair and maintenance

and for promptly notifying employees of
the tasks assigned to them. In the de-
fense industry, wearable devices can be
used to improve situational awareness
and communications between military
personnel.

Wearable devices for personal use have
quite a broad range of functions. A smart
watch, when used in combination with a
smartphone, offers its user the option of
answering messages and calls, using so-
cial networks, and receiving notifications
about planned events. Some models of
watches are designed to integrate with
an automobile’s systems in order to pro-
vide information about it: average speed,
fuel consumption and required
maintenance.

It is expected that the global market of
smart wearable devices will expand rap-
idly, primarily on account of devices des-
ignated for use in the fitness industry
and health care. A significant share of
the wearable devices market will be oc-
cupied by smart bracelets and watches,
the latter of which have great potential.
However, these devices are difficult to
call watches anymore, because apart
from displaying time they can do almost
everything a modern computer does.>
Sales growth is driven by the launch of
new wearable devices by Samsung, Goo-
gle, Qualcomm, Apple, and others.

2 https://edugalaxy.intel.ru/index.
php?automodule=blog&blogid=9&showen-
try=6438
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Sales volume will grow from 15 million
units in 2013 to 70 million in 2017, with

an average annual growth rate of 47%; it STEVE
is expected that wearable devices desig- PAPERMASTER

nated for fitness and sports will account
for 80% of the market in 2017. Over Appconomy CEO
60% of the sales volume will be provided
by developed countries: the USA and

‘Mobile commerce is the tip of the spear for mobile's disruptive
Western European countries.

impact globally — beyond social and communications uses.

E Commerce on the web, and notable success stories such as Alib-
The Global Wearable aba and Amazon.com are widely known. And yet the e Commerce
Devices Market, 2013-2017 market share is still less than 10%. Mobile will drive 90% of the
rest of commerce — in shops, malls and large and small business-
es — through mobile payments and integrated social commerce.

All forms of banking, payments, shopping and commerce will be

6,800

transformed within a few years. Smart phones, wearables, sensors
and pervasive internet access will fuel this boom globally — with
China and Asia among the top innovators'.

800

|
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(forecast)

Source: Juniper Research.
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CASE STUDIES

The South Korean company announced the launch of
its Galaxy Gear smart watch in September 2013; it is compatible
with some Android apps and can work in conjunction with Galaxy
Note devices.

In September 2013, the company introduced the Toq
smart watch, a notable feature of which is the use of a Mirasol
display, which makes it possible to display high-quality color im-
ages with greater energy efficiency than LED displays.

The Japanese company has expanded its line of wearable
devices by releasing the SmartWatch on 2 June 2013; this is a suc-
cessor to the LiveView devices launched back in 2010. The compa-
ny is staking on the device’s versatility; it is compatible with any
smartphone utilizing Android 4.x, and the manufacturer is pro-
moting the creation of apps for the device by third-party
developers.

In September 2013, Nissan launched its own brand of
Nismo watches, capable of monitoring heart rate, body tempera-
ture and other driver biometrics, as well as data which assist in
driving the vehicle, such as average speed and fuel consumption.

The company intends to launch its own version of the
smart watch, the iWatch, in Q4 2014.

Pebble Technology’s smart watch offers a simple, ener-
gy-efficient solution for displaying notifications from a smart-
phone. In 2012 the project accumulated over USD 10,000,000 on
the Kickstarter crowdfunding platform, where the starting amount
was USD 100,000. Unlike their counterparts, Pebble watches uti-
lize a monochromatic display based on Memory LCD technology,
with reduced power consumption enabling the watch to run for up
to seven days without recharging.

The widespread use of wearable devices is re-
stricted by the following technological factors:

< The difficulty of ensuring the confidentiality
and security of data being transmitted;

< Aninsufficiently developed ecosystem of
apps for wearable devices;

< Batteries of acceptable size cannot ensure
long-term autonomous operation of devices
with high processor throughput, display qua-
lity and communication module parameters.

The further development of wearable device
technologies will be aimed at eliminating these
restrictions.

PENETRATION OF
VIRTUAL-REALITY
AND AUGMENT-
ED-REALITY DEVICES
IN THE MASS MARKET

Virtual-reality devices, which enable their users to
immerse themselves in artificially created worlds,
as well as augmented-reality devices, which intro-
duce additional, artificial elements to the percep-
tion of the real world, are being launched on the
mass market, changing people's day-to-day lives
and creating new possibilities in the media space
and the entertainment industry.

The creation of such devices has become possible
due to the rapid development of mobile technolo-
gies, which has led to reduced cost of high-defini-
tion displays, decreased price and reduced
dimensions of sensors and detectors, and im-
proved throughput of processors for processing of
high-resolution images with high refresh frequen-
cy, all of which are necessary for creating the ef-
fect of immersion in a virtual world.
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The idea of augmented reality was pro-
posed as early as the 1990's; it involves
supplementing the real world with com-
puter-generated information, making it
possible to simplify and enrich human
perception of the surrounding world.

Implementation of augmented reality re-
quires the use of devices to analyze the
real world (cameras, positioning and spa-
tial orientation sensors), a computational
processor for processing data, and a de-
vice for presenting information to the
user. Currently widespread smartphones
and tablets possess all these necessary
components.

They are used successfully, for example,
for marketing purposes to integrate print
and video versions of promotional prod-
ucts. Special images are placed in print-
ed editions which, when scanned by a
smartphone or tablet, activate video or
other content which is then shown to the
user.

Unlike smartphones and tablets, which
require at least one hand to use, new
augmented-reality devices — glasses
— do not have this disadvantage re-
stricting their possible uses. The best-
known manufacturers on the market are
Google, Vuzix, Optinvent, Meta-View, and
Recon Instruments.

Despite the advantages of augment-
ed-reality glasses over smartphones and
tablets, the first versions of these inven-
tions can only show additional informa-
tion to the user in real time. However,
the device is incapable of assessing the
surrounding world to an extent sufficient
for superimposing artificial objects over

INFORMATION
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it. For example, Google Glass cannot help
the user "try on" a piece of jewelry from
a catalog. Such capabilities will become
available if depth-measuring sensors are
integrated into the glasses.

The Tango Project® for the creation of
such a device was presented by Google
Corporation in early 2014. However, for
now a smartphone with a specialized
Myriad 1 processor and sensors which
scan the environment at a frequency of
250,000 measurements per second are
used to build a 3D model of the sur-
rounding world.

Results of Crowdfunding for
Structure Sensor

$100 thnd

planned

$1.2 mln

actual

Similar solutions are used in Microsoft
Kinect, as well as in a device being devel-
oped as part of the Structure Sensor proj-
ect™, which raised over USD 1,000,000
through crowdfunding in late 2013. A sim-
ilar device for obtaining a depth map and
software for recognition of human ges-
tures and movements is being developed
by the Russian company 3DiVi*> (Chely-
abinsk Oblast)

The British airline Virgin At-
lantic began an experiment in
early 2014 for improving its
personalized service. Upper
Class Wing service personnel
were provided with Google
Glass spectacles and Sony
SmartWatch 2 watches with
special apps installed which
are integrated with the airline's
systems, making it possible for
them to identify passengers
and check them in for their

flights, promptly obtain updat-
ed information about flights
and give it to passengers, offer
information on expected
weather conditions and activi-

ties of interest at the destina-
tion, and translate information
from a foreign language.>®

* https://www.google.com/atap/projecttango/

** https://wwwkickstarter.com/projects/occip-
ital/structure-sensor-capture-the-world-in-
3d/posts

* http://www.3divi.com/rus/
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Devices for creating virtual reality are being successfully
used in architecture, industrial design and engineering;
however, individual virtual reality devices are only start-
ing to emerge. The first and best-known example aspiring
to enter the mass market is the Oculus Rift virtual reality
headset. The keen interest of enthusiasts in such devices
is confirmed by the success of its crowdfunding. Oculus
VR raised over USD 90,000,000 for the implementation of
the project, of which about USD 2,400,000 was raised on
the Kickstarter crowdfunding platform3”. Over 9,000 users
took part in the funding, and the initial required amount
of USD 250,000 was raised within four hours. In 2014,
Sony offered a prototype of its version of virtual-reality
glasses, Project Morpheus, which speaks of the increasing
interest of large companies in the new trend.

The current version of the prototype has a high-resolu-
tion 7" display and a pair of lenses making it possible to
obtain a stereoscopic effect with a 90-degree horizontal
and 110-degree vertical field of vision. To monitor head
movements, a tracker consisting of a three-axis gyro-
scope, accelerometers and a magnetometer is used, as
well as an external infrared camera. The market launch
of the new version (Oculus VR) is expected in 2015.

Initially, Oculus Rift was created as a computer gaming
device, and such well-known companies as Id Software,
Valve Corporation and Epic Games have already an-
nounced support for it. However, the potential range of
possible applications of the device is a lot wider.

Oculus Rift can be used for educational purposes and for
conducting specialized training. Virtual-reality devices
not only make it possible to visit another continent
during class time, but also to travel to a different era, to
the time of the dinosaurs or to the Renaissance. For ex-
ample, a team from Harvard has developed an Oculus
Rift-compatible application for a virtual visit to the pyra-
mids of Giza®8, and the release of a similar application for
Ancient Rome is expected.

Personal virtual reality devices could become indis-
pensable for training members of hazardous professions
— firefighters, rescue workers, and military personnel
— without needlessly subjecting the trainees to undue
risk. For example, American astronauts already use vir-
tual reality devices in order to simulate their actions
aboard the International Space Station®.

Thanks to the development of data-transfer and online
image-processing technologies, in due time it will be-
come possible to create unpiloted aircrafts which provide
360-degree visibility and are remotely operated by a
pilot.

The application of virtual reality devices could also sub-
stantially alter conventional forms of communication.
After the acquisition of Oculus VR by Facebook in
March 2014, the social network's creator declared that
the device could become a "new communication plat-
form" that would enable sharing not only of photo-
graphs and messages but also "entire experiences and
adventures".°

$250 thnd

planned
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Distinctive features of the gesture recognition technology

Nuidroid presented by Russian programmers are its optimization
for the ARM-architecture (used in a wide range of consumer
electronics, from cell phones to calculators) and full compatibility
with the Android platform. This means that 3DiVi's technology
will enable Kinect-style applications and games to be created on
various Android-powered devices: game consoles, Smart TVs and
tablet computers. Another area in the development of augment-
ed reality devices may be improving the method of presenting
information to the user. To view information generated by the
glasses, their owner needs to shift his or her gaze away from re-
al-world objects and focus on the image created by the projec-
tor, the location of which is greatly restricted by the glasses'
capabilities.

iOptik lenses, presented by Innovega at the CES 2014 exhibition,
make it possible to see remote real-world objects and images

from the projecting glasses which come with the lenses equally

easily, while maximally expanding the field of vision®'. The lenses
act as displays and possess two types of filters: the central filter,
responsible for processing images sent from mini-projectors,
and peripheral or external filters, which process information from
the surrounding world. The consolidated image is generated di-
rectly in the retina. The manufacturer expects to obtain a permit
to manufacture the lenses from the US Department of Health
and Human Services by 2015 and then launch the product on
the mass market.

o1 http://www.cnet.com/news/augmented-reality-contact-lenses-
to-be-human-ready-at-ces/
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Google Glass glasses are currently the most popular

product on the market of such wearable devices. Testing

of the device prototype began in 2012, and the first
mass-produced version became available to order in
2014. The commercial version has the computational ca-
pabilities of a 3-year-old smartphone, a camera capable
of recording high-resolution video, and a mini-projector
located in the right earpiece of the glasses which can
display an image comparable to a 25-inch screen located
at a distance of 2.4 m. The device is controlled using a
set of voice commands and a sensor panel on the right
earpiece. The technical characteristics of the device al-
low it to work for up to 8 hours.

Positive feedback about the use of the device in health
care has been received from employees of the American
College of Surgeons. The first surgery performed using
the glasses took place in June 2013, during the product
testing stage.®?

In doctors' day-to-day work, the capabilities of the device
can be used as a means of displaying supplementary in-
formation about a patient in real time, communicating
with colleagues and receiving remote recommendations,
and implementing a "checklist" to prevent erroneous sur-
geries, and also as a tool for recording teaching videos
from a first-person point of view.

Using Google Glass eyeglasses, surgeons gain the ability
to view x-rays or CAT scans and other test results and
monitor the patient's vital signs using voice prompts, all
without leaving the operating table or taking their atten-
tion from the patient. An example of integrating medical
equipment and Google Glass was presented in late 2013
by Philips®. The convenience of using a projected image
in the work of a plastic surgeon was confirmed by the
first surgery for correction of a nose deformity using
Google Glass, which took place in December 2013 at the
Chicago Medical Center.

Currently, a number of developers are working on appli-
cations that would make it possible to use Google Glass

to complete a pre-surgery "checklist’ for preventing phy-
sician errors. The device will make it possible to perform
these actions by means of voice prompts.

The high-resolution video camera with which Google
Glass eyeglasses are equipped enables real-time broad-
casting of what the medical worker sees. Even though
Skype and video conferences offer similar functions,
Google's device makes it possible to see the image from a
first-person point of view and is the most interactive
tool. Such capabilities will, for example, permit doctors
located in remote areas to receive real-time consulta-
tions from a wide range of experts when acting in
non-standard situations.

The option of recording the surgeon's actions from a
first-person point of view is especially important when
conducting training sessions, since it allows the students
not only to see all of the doctor's actions in real time, but
also to interact with him by asking questions and receiv-
ing comments during the surgery. Moreover, use of the
device makes it possible to observe the doctor's actions
without occupying space in the operating room.
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TECHNOLOGICAL INNOVATIONS
IN THE FINANCIAL SECTOR

Technological progress in the financial
sector, particularly the widespread in-
troduction of mobile technologies, is
rapidly altering the industry's land-
scape, enabling small start-up compa-
nies to hold a significant share of the
market and outpace existing players.
The remedies aimed to solve the “digi-
tal divide” problem in Russia will stimu-
late the growth of telecommunication
service penetration and promote the
mobile financial services. Finally, it will
result in engagement of more domestic
software developers into this market.

TREND:

DEVELOPMENT OF
MOBILE ACQUIRING
SERVICES USING MPOS
SOLUTIONS

An mPOS terminal is a device connect-
ed to a mobile device (smartphone or
tablet) and enabling the use of bank
cards for payment. Currently, mPOS ter-
minals are widespread in North Ameri-
ca, Europe, and several Southeast Asian
countries. Such devices are most popu-
lar with small businesses — companies
involved in the sale of goods and ser-
vices for small amounts (up to USD 50-
100). Some large retailers use mPOS
terminals to simplify customer service
(in addition to existing solutions).

The use of such solutions improves the
convenience and quality of customer
service and in the long run increases
sales; therefore, it is expected that tab-
lets with a connected mPOS terminal
will eventually replace cash registers.®
An mPOS service is a simple and con-
venient solution for entrepreneurs as
well; to use it, one needs to register the
organization with the service, receive
the device and configure it for use with
a tablet or smartphone. Furthermore, it
is possible to use the company’s exist-
ing current account, as well as mobile
equipment already available to the em-
ployees (couriers, agents and salesroom
employees).

mPOS acquiring is one of the most rap-
idly expanding areas on the market of
technological innovations in the finan-
cial sector. The largest number of small
new companies works in this segment;
however, the American service Square
remains the most popular in the world.

The appearance of new companies and
the expansion of market competition is
leading to the reduction of acquiring
fees; the European service SumUp
lowered its price from 2.75 % to

1.95 % in Austria and the Netherlands,
1.75 % in France, 1.5 % in Spain, and
0.95 % in Germany. Another European
company, iZettle, is also lowering its
rates from 2.75 % to 1.5 % in Great
Britain, while offering a new, improved
version of the mobile terminal.

The services are expanding the capabi-
lities of their products: they are offering
the option of accepting cards from new
payment systems (the partnership be-
tween American Express and SumUp)
and adding support of cards equipped
with chips to the devices' capabilities.

The Russian mPOS-acquiring market
has great potential; the country is at
present characterized by a low level of
penetration of offline acquiring, a large
and still growing volume of issued bank
cards, and an extensive level of cellular
communications development. In 2013,
over 10 startups offering mPOS acquir-
ing services were operating in Russia,
the first and largest of which is LifePay.
In the first six months, the service at-
tracted over 6,000 customers using
15,000 readers, by means of which over
USD 1,000,000 in transactions were
made in 2013.

mPOS acquiring is also developing in
the area of expanding the functions of
the terminal's software, which will
make it possible not only to accept
bank cards for payment, but also to in-
teract with CRM and company loyalty
systems in order to improve customer
service and ERP systems for inventory
and stock control.

& http://www.cnews.ru/reviews/new/tele-
kom_2013/articles/rynok_elektronnyh
platezhej_budushchee_za_mpos/
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This startup from Denmark® offers small and medi-
um-size companies a point-of-sale solution based on
an iPad app, and it is also involved in developing
specialized solutions for large companies such as
LOreal and Armani.

The tablet can either be installed at a cash register
or a customer service desk or be used by a company
employee in the salesroom, offering complete access
to information on the goods and their availability in
stock, and also enabling payments using the mobile
terminal for bank card payment. The Wallmob app
also supports integration with other customer sys-
tems, making it possible, for example, to customize
service using information accumulated on each cli-

ent. In 2013 the service raised seed funding worth
USD 1.2 million.

The Russian project LifePAD, which involves the free
distribution of Android tablets, has been actively de-
veloping since 2013. Apps for managing finances, per-
sonal time and shopping are installed on the tablet.
The device is aimed at helping entrepreneurs to be-
come more mobile and efficient and helping private
persons to use the options the device offers in their
daily lives. An important step in the development of
the solution will be acquiring the capability to use a
digital signature on the pre-installed SIM card.®®

The total volume of investments in the project
amounted to USD 7,000,000 and involves different
methods of cooperation with partners: project
partners can pay for their apps to be installed on

the tablet, or partners can share revenues received
from installation of the app on the tablet.

TREND:

EXPANSION OF THE USE OF TABLETS
FOR MOBILE BANKING SERVICES

TREND:

DEVELOPMENT OF MOBILE
FINANCIAL SERVICES

According to a forecast from Juniper Research, by 2017 the
number of active users of mobile banking on tablets will reach
200 million, amounting to 19% of all users (in 2013 this figure
was at 9%). New users will mostly transition from desktop per-
sonal computers and laptops. In connection with this, mobile
banking applications are becoming more widespread.

In 2013 experts noted a new wave of interest in a wide range
of mobile services in the financial sector. One of the drivers of
increased interest in the technology is the growing number of
smartphone users — over 30% of all mobile telephones at the
end of 2013.%7

5 http://techcrunch.com/gallery/mary-meeker-internet-trends/slide/4/
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VLADISLAV
SOLODKIY

Managing Partner
of Life.SREDA Venture Fund

“The development of distribution aimed
at the scaling of market players was
one of the key topics on the mPOS mar-
ket in the first half of 2014. Companies
took various steps to achieve these
goals, such as the creation of unique
partnerships or upgrading of existing
platforms to integrate with outside ven-
dors (through SDK or API). Of equal im-
portance is the search for alternative
sources of income for market players. It
is quite obvious that such business can-
not be developed relying solely on in-
come from transactions. However, the
customer base obtained through devel-
opment of the acquiring business is the
most valuable asset of the companies
concerned, which can be used in the fu-
ture for the upsale of any financial
services.

Square, an mPOS global market leader,
continues to be a key trendsetter and
newsmaker in the industry. This year,
Square management negotiated the
sale of the service with such giants as
PayPal and Apple that have stronger
financial resources and an affiliate net-
work and reach out to potential busi-
ness users of the payment service.
Whether or not this is true, the fact that
the company suffered significant losses
in 2013 and spends money raised too
quickly leads critics to believe that sell-
ing may still be an option. Square has
been the target of criticism since the
company's inception. Many people
doubt the actual value of the company
and criticize it for inability to earn what
it needs through its main product. How-
ever, one should consider the example
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of the Whatsapp sale, where the com-
pany was sold for USD 19 billion with-
out having earned a cent. How many
years did it take Amazon to make any
profit? It may be worth evaluating the
company in the longer term. There is no
doubt that one of the company’s goals
was to establish a large customer base
that would become a basis for earnings
in the future. New services launched by
the company in recent years only sup-
port this hypothesis.

Meanwhile, Square’s competitors in Eu-
rope are continuing to grow, attracting
more investment. The Swedish mPOS
startup iZettle has announced the next
round of funding. The main investors
were Zouk Capital, Dawn Capital and
Intel Capital. The investment raised
amounted to EUR 40 million (USD 55.5
million). Jacob de Geer, iZettle CEO told
reporters that the money would be
spent on business development and the
possible acquisition of other companies
with promising technologies in the field
of online payments, loyalty programs
and CRM, as well as on expanding the
company's presence in Latin America
and Europe.

iZettle has already raised a total of USD
108.9 million. Among its investors are
such companies as American Express,
MasterCard and Banco Santander.

Another major player on the European
market, SumUp, has developed and
launched its own Chip&Pin reader. As a
rule, most companies in the market use
white-label solutions and do not devel-
op proprietary hardware solutions. Pay-
Pal, iZettle, Payleven, and Worldpay use
devices made by Miura Systems. Su-
mUp decided to take a different path
and became the first European service
provider to create its own reader, ex-

plaining this step by the fact that the
existing solutions do not meet their
“strict requirements”. “No vendor could
have supplied us with a Chip&Pin de-
vice to meet out strict criteria for reli-
ability, design and security, along with a
user experience that is so intuitive that
even merchants who have never ac-
cepted card payments before can start
selling immediately without having to
read a manual’, says Daniel Klein, the
company CEO. It took 18 months to de-
velop the device, and will now be sold
for USD 135 in practically all markets
where the company operates. This year,
SumUp also closed another round of in-
vestment with the participation of
Groupon, BBVA Group, our fund Life.
SREDA, and a number of its current in-
vestors. The size of the transaction has
not been disclosed, but it is a two-digit
EUR million figure. The money will be
spent on building a full cycle of the
payment solution, including the devel-
opment of its own payment gateway
and improvement of mobile point of
sale terminals and software. Investment
will also be used to promote the devices
on international markets.

LifePay, a leading player in mPOS ac-
quiring in Russia, showed impressive
growth in 2014: over half a year the
service attracted more than 14,000 new
clients — owners of small and medi-
um-sized businesses. Its monthly trans-
action growth rate is more than 20,000.
The company has distributed more than
28,000 mPOS-terminals in total. Every
90 seconds non-cash payments in Rus-
sia are made through a LifePay
terminal.”



FORUM
OPEN INOVATIONS

Global Smartphone
Penetration

90% 70% 48% Cell
Phones
9% 30% 52% Smartphones
2009 2014*  2019* *forecast

Source: Ovum.

At present, the proportion of users of
‘mobile money” does not exceed 7% of
the number of mobile phone users world-
wide, but experts predict a rise in the
years to come, and assess the potential
number of users at 450 million people in
2017°%.

As in previous years, most mobile finan-
cial services are provided by traditional
banks. However, user demand for sim-
pler and more convenient interfaces,
higher speed and quality and transpar-
ency of services provide a promising
market for rapidly growing innovative
companies.

“In the next 10 years, the role of banks
will not change, but the range of services
from which they will earn will expand sig-
nificantly,” thinks Alexander Galitsky, the
founder of Almaz Capital Partners ven-
ture fund. “The relationships of that
banks and payment systems have with
major mobile platforms are likely to
change. This may eventually lead to the
transformation of Visa and Mastercard,
for example, into VisaSmartphone and

Number of Mobile Payments Made by Clients
of Non-Bank Institutions (2010-2014)

2014 |

b —
2013 Banks
2012 I —
Non-banks
2011 institutions
*forecast
2010 NN
0 5 10 15 20 25 30

Source: World Payments Report 2012, RBS/Capgemini, 2013.

MasterSmartphone, which will change
their operating mechanism.”

There are already a lot of financial ser-
vices, both bank-related and independent,
that provide convenient financial man-
agement services regardless of the user's
location. Such services include per-
son-to-person (P2P) money transfers
without opening an account, where the

user's identifier can be his e-mail address,

cell phone number or a social network
account.

The most famous non-banking institu-
tions which enable one to use an elec-
tronic wallet to make purchases and
transfers are such companies as PayPal
and Fidor Bank, as well as Russia’s Yan-
dexMoney, Qiwi, WebMoney, and Mon-
ey@Mail.ru. Most electronic wallets,
besides payment services, provide ser-
vices for cash flow management and per-
sonal financial planning.

Banks are also developing capabilities
for mobile money management. Russia’s
Instabank and Rocketbank, for example,

give users of their mobile apps the op-
tion of telling their friends about pur-
chases in social networks, as well as
chipping in for joint gifts or splitting a
restaurant or cafe bill.

Access to an enormous volume of data
about the user — geographic location,
social network account, volume and loca-
tion of transactions made — permit pro-
viders of mobile financial services to
more completely integrate with other
services, both financial and non-financial.

8 EY research; “Gartner Says Worldwide Mo-
bile Payment Transaction Value to Surpass

$235 Billion in 2013,” Gartner, 4 June 2013;

“The Mobile Economy 2013,” GSMA/AT.
Kearney, 2013

59 “Gartner Says Worldwide Mobile Payment
Transaction Value to Surpass $235 Billion
in 2013,” Gartner
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Global P2P Lending
Market

355 bn
$485 vn

2011 2013

TREND:

DEVELOPMENT OF THE
P2P LENDING MARKET

P2P lending (peer-to-peer lending) means
the issuing and receiving of monetary
loans by physical persons directly, with-
out the involvement of intermediaries
(banks and credit institutions). The
growth of Internet penetration has led to
the appearance of online platforms faci-
litating the search and interaction be-
tween the lender and the borrower. As
compared to traditional financial institu-
tions, a lot of processes on such plat-
forms are automated, making it possible
to reduce costs and consequently offer a
lower interest rate to borrowers and
greater revenue than in banks to the
lenders.

To make a decision on issuing a loan,
users can utilize the borrower's credit rat-
ing assigned by the platform. To assess
client reliability, companies use Big Data,
analyzing, in addition to the information
provided by the borrower, his credit histo-
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$1le

2025 (forecast)

ry, characteristics of his Internet behav-
jor, data on activities and information in
social networks.

Based on data for 2013, the global P2P
lending market is estimated at USD 5
billion, and the average annual growth
rate in 2010-2013 was 128% (the mar-
ket volume increased from USD 485 mil-
lion to USD 5 billion). Foundation Capital
predicts that by 2025 USD 1 trillion will
be lent through the P2P platform every
year.

The Russian P2P market commenced its
development in 2010; however, in the
past few years its growth has slowed
from 42% in 2012 to 3% in 2013"". The
largest market players are WebMoney
Transfer, Vdolg.ru, Credberry, LoanBerry
and BezBanka. One of the characteristic

features of the Russian lending market is

the insufficient development of the prac-
tice of borrowers forming a credit histo-
ry, which results in complications in
assessing a user's creditworthiness.

/1 data by Json&Partners

The mobile app of the
Starbucks’® coffeehouse chain
already has over 12 million
users in the USA and Canada
who make about 6 million
payments per week, which is
over 15 % of the transactions
in all of the chain's coffee-
houses, and the company is
continuing to expand the ca-
pabilities of the mobile plat-
form. According to the
Chairman and CEO of the
chain, Mr. Howard Schultz,
thanks to integration of the
mobile app with the loyalty
program and the payment
platform Starbucks is able to
offer its customers a com-
pletely new level of service,
while shifting to mobile solu-
tions helps attract the young
generation of customers. For
example, coffeehouse custo-
mers can create new dishes,
place pre-orders and pay for
their purchases from a mobile
phone.
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Lending Club is the world's largest P2P lending service,
founded in 2007; as of mid-2014 the total amount of
loans issued had reached USD 5 billion, the number of
borrowers exceeded 80,000 and the number of lenders
was over 45,000.” The company's board of directors in-
cludes the former CEO of Morgan Stanley, and at the end
of 2013 the service was valued at USD 2.3 billion. In
2014, as part of preparations for its IPO, Lending Club
hopes to be valued at USD 4-5 billion.

Loans of up to USD 35,000 for any purpose are issued
through Lending Club; the average interest rate for a
three-year loan is 12% (from 6.78% for the most reliable
clients to 29.99% for high-risk clients); most loans, over
80% of them, are taken for refinancing existing loans
and repaying credit card debt.

AAGR loans issuing

One of the main factors ensuring the service's success is
a high-quality borrower scoring system, making it possi-
ble to select applications from reliable clients; on aver-
age, borrowers have 16 years of credit history and an
annual income of USD 73,000, so Lending Club works
with the most prosperous 10% of US citizens. Thanks to
high yields and relatively low risk, the service has start-
ed attracting not only individuals but also investment,
pension and hedge funds as creditors. In 2014, the ser-
vice started offering loans to small businesses, and it has
been planning international expansion.

maximum value
of a loan

of loans purposed

the refinancing

of existing liabilities,
including credit cards
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PERSONAL DATA
PROTECTION

When various companies — from communication providers and mobile
app developers to power generating companies — are collecting, trans-
mitting and analyzing an immense volume of user data, the issue of
personal data protection is becoming especially urgent.

Users view the collection and use of personal data with caution and
suspicion: up to 68 % of respondents in a study performed by Ovum in
late 2012 among residents of 11 countries (including Russia)”® ex-
pressed a desire to stop the collection of their personal data on social
networks and by search engines and other services. Furthermore, 50%
of those surveyed are sure that Internet companies use collected per-
sonal data dishonestly, and 36% have doubts about the honesty of
data use.

o3" 36"

75 OVUM, Consumer Insights Snapshot: Personal Data, 2013.

SERGEY
ZOLOTAREV

Big Data Line Director, EMC,
Russia and CIS

“In Russia, banks were the first compa-
nies to begin using Big Data in their op-
erations. Two or three years ago the
trend spread to telecom operators as
well, but the technology is not yet wide-
spread and has so far been used in test
mode. In the United States and Western
Europe, Big Data is actively used in retail
trade, while in Russia we have failed to
use this experience effectively and adapt
it to the needs of our companies.

In the United States and Western Europe,
the “user experience” sphere is wide-
spread, where marketing agencies focus
on studying the Internet audience: they
collect customer data, analyse them and
compile data profiles for business cus-
tomers. One of the most prominent rep-

resentatives of this industry, the

company comScore, has recently entered
the Russian market.

The expansion of the scope of application
of Big Data technology through the accu-
mulation of extensive experience is
among the major trends. Originally, Big
Data was used primarily in research,
then in the area of customer marketing
by banks and telecommunications com-
panies, and later in retail trade. Today,
the processing of large amounts of data
for further use is becoming increasingly
popular in geological exploration and
opinion surveys.”
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In 2013, Silent Circle, a company specializing in solu-
tions in the area of secure communications, managed
to raise over USD 30 million worth of investments for
the creation of a telephone which would ensure confi-
dentiality of communications.” Blackphone, which is

being developed together with the Spanish start-up
Geeksphone on the PrivatOS platform (a customized
Android system), will ensure secure calls, message
transmission, access to cloud services, Internet search
and a Wi-Fi anonymizer. Based on the number of pre-
liminary orders, which started to be taken in February
2014, demand for the device, which costs USD 629, has
exceeded the manufacturer’s expectations.

More and more users are expressing their wish to control the na-
ture of personal data being collected and the manner of their
use by companies. Such companies as Yahoo, Twitter and Pinter-
est are already supporting the Do Not Track standard’, enabling
Internet users to opt out of automatic collection of information
about their visits to web pages.

In such circumstances, the development of software and hard-
ware solutions aimed at protecting personal data and providing
users with greater control over their personal data could become
a more viable strategy than those involving the collection and
processing of personal data. For example, growing demand can
be observed in the market for services providing secure commu-
nications; the secure voice calling apps RedPhone and Silent
Phone and the secure message exchange apps ChatSecure and
TextSecure have been downloaded over 100,000 times each on
Google Play alone.

7> http://www.donottrack.us/

Mr. Pavel Durov, the founder of the VKontakte social
network, along with his brother, Nikolai, developed a
messenger for smartphones that enables the ex-
change of text messages and media files. The app’s
main feature is that it ensures the confidentiality of
information transferred through the use of the MT-
Proto correspondence encoding protocol created by
the developers.

increase of Telegram
users during six months

From October 2013 through April 2014 the number
of the app's users grew from 100,000 to 35,000,000.
After reports of Facebook’s acquisition of the mes-
senger WhatsApp, the Telegram app was downloaded
over 5 million times in one day.
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One of the most actively developing forms of distance learning is online
courses with massive interactive participation and open access (Massive
Open Online Courses, or MOOC). Unlike video recordings of lectures and
other learning materials, MOOCs offer students the option of interacting
with each other and with the instructor and also of performing real-time
assignments. MOOCs can usually be taken free of charge, and upon
finishing one can receive a certificate of completion for a small fee paid
to the online platform.

Currently, the following educational platforms enjoy the greatest popula-
rity: edX, founded by Harvard University and the Massachusetts Institute
of Technology; Udacity, created under the auspices of Stanford Universi-
ty; and Coursera, created by Professors Andrew Ng and Daphne Koller
from Stanford University. They offer free online courses on a wide range
of subjects, from scientific disciplines to art history.

The most famous non-profit organization in the sphere of online educa-
tion is Khan Academy, founded in 2006. Unlike edX, Coursera and Udaci-
ty, which prepare detailed video courses in conjunction with well-known
global universities, Khan Academy specializes in creating and providing
access to a database of short video lectures, mostly aimed at secondary-
school students, to all who desire it. The project is funded by donations,
most of which are given by Google and the Bill and Melinda Gates
Foundation.

Online learning models also offer possibilities for monetization. For ex-
ample, online learning services can issue paid certificates of successful
completion for courses, develop courses for prospective employers, , and
also provide paid access to the database of students who have complet-
ed the necessary set of courses.”®

76 http://rusbase.vc/school/platit-za-onlajn-obrazovanie/

VITALY
BARDALIM

Mersibo Project Manager

‘Online education is undoubtedly a
global trend which has not passed
Russia by. Unlike many fads, which
spread quickly and then fade away,
Russian online education is here to
stay, especially given the size of our
country. There will, of course, be as-
pects of development that are particu-
lar to Russia, but this is perfectly
normal. For example, I do not see any
problems in the area of corporate and
business training, which is growing
very rapidly since students, employers
and providers of educational services
all have an interest in it. Despite the
fact that many methods and training
materials come to us from abroad,
they can be quickly adapted to local
conditions. Various types of supple-
mentary private education such as
cooking or foreign language courses
have excellent prospects, and in this
area there are great opportunities for
small and medium businesses. We
should like to make separate mention
of online learning for children. In my
opinion, this is at an early stage of de-
velopment, but it has huge potential.
Indeed, unlike some adults, children
are happy from the outset to use such
a model of learning. Computers and
gadgets are part of their everyday
living environment, which makes
online learning natural and appropri-
ate for them.”
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MOOCs are gaining popularity; in early
2014, users of edX and Udacity num-
bered about 1.6 million each, while users
of Coursera numbered 6.3 million.”” The
Khan Academy web site is visited by 80
million users annually.”®

Despite the advantages of distance
learning, currently this form of education
is not widespread among institutions of
higher education. One of the reasons is
the low effectiveness of this approach to
education, since success largely depends
on students' internal motivation, and
they often lack diligence.”” For example,
according to data from edX, out of
800,000 people registered at the portal
for the first year of study, almost
300,000 people never even looked at the
contents of the instruction materials, and
470,000 looked at less than half of
them.®® Moreover, the share of students
who complete an online course on aver-
age amounts to 4-7 % of those who sign
up for it®

55"

of respondents consider
that gamification will be
widespread in ordinary life
by 2020, from education
to health

One method of improving the effective-
ness of online learning is gamification of
the educational process. Based on the re-
sults of a poll conducted by the Pew Re-
search Center, 53% of respondents agree
with the statement that by 2020 the use
of gamification will be widespread in daily
life, from education to health care.

Integration of gamification in the lear-
ning process will make it possible to in-
crease students’ involvement in the
educational process, promote faster as-
similation of material, and improve moti-
vation for independent study by offering
rewards.

One of the best-known Russian educa-
tional projects containing gamification
elements is Lingualeo, an online re-
source for studying English®. Game
mechanisms are also used by resources
such as Codeacademy and Netologiya.
New projects, such as SmartFox, a proj-
ect for preparation for the Uniform State
Examination in mathematics that was
one of the first to receive funding from
the Internet Initiatives Development
Foundation, are also being developed in
this field.

Game mechanisms being used include:

» Creation of educational courses in a
game format offering virtual
rewards;

» Using a system of ratings and
achievements for completion of
work;

< Open profiles of other students to
promote competition;

» Gradual presentation of information
(expansion and provision of access
to content) and addition of complexi-
ty to assignments to monitor
progress.

In addition to gamification, Maxim
Spiridonov points to the cross-platform
capabilities of educational applications,
the reduced length and increased num-
ber of lessons as another trend in the
education market: ‘| can take one lesson
at home and do a test, take another les-
son on a smartphone for five to seven
minutes on my way to work, finishing it
with a test, and then, on returning home,
watch a video tutorial on my smart TV.

7 http://www.computerra.ru/92998/mooc-kak-budushhee-obrazovatelnogo-protsessa-za-i-protiv/

’8 http://kommersant.ru/doc/2411173

79 http://www.onlinelearningsurvey.com/reports/changingcourse.pdf
&0 http://www.computerra.ru/92998/mooc-kak-budushhee-obrazovatelnogo-protsessa-za-i-protiv/
&1 http://www.nytimes.com/2013/12/11/us/after-setbacks-online-courses-are-rethought.

html?src=me&ref=general
82 http://lingualeo.com/ru/
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The segment of online learning is under
active development in Russia, and in
2013 educational technologies and
training services became one of the five
most rapidly expanding sectors of the
Internet market.®* In 2011, over two
thousand electronic educational resourc-
es were developed, and currently 76 % of
schools are connected to the Dnevnik.ru
educational network (electronic grade
books, magazines, libraries and educa-
tional media content). According to Max-
im Spiridonoy, the further secondary
education segment is the most profitable
in Russia. “This is due to the fact that
the market is already in place, with a
turnover of around about USD 2 billion a
year. It is a market in which there is al-
ready a habit of paying for services, as
every other parent hires a tutor for his or
her child,” says the General Director of
the Netology service.”

A mandatory prerequisite for mass on-
line training is the availability of suffi-
cient learning materials in a digital
format. In 2012, Connexions launched
the OpenStax College project for the cre-
ation of high-quality freely distributed
textbooks for students, available in both
printed and digital form. During the year
textbooks on physics, sociology and bio-
logy were issued, and they were accepted
for use at over 400 educational estab-
lishments, downloaded 400,000 times
and helped students to save USD 5.5
million. There are plans to issue a total
of 25 such textbooks by 20185

The digitalization of education is taking
place in Russia, and one sign of this is
the use of electronic textbooks. As from
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1 January 2015, in Russia it will be possi-
ble to publish only textbooks which have
an electronic version.®® Electronic text-
books are already being actively used in
South Korea, Great Britain and the USA.

The development of MOOCs in Russia is
especially relevant, since over one half of
those wishing to study at Moscow's
higher education establishments cannot
afford it, often as a result of the geo-
graphical remoteness of their place of
residence from Moscow.®

‘Remote e-learning allows students to
study and do research with their chosen
teachers, regardless of distance,” says
Alexander Galitsky, founder of Almaz Cap-
ital Partners venture fund. “At the same
time, universities are more likely to credit
their students for courses taken at other
universities. For example, if | study at MIT,
and | want to take a physics course at
Harvard, because it is delivered by Mikhail
Lukin®, I can do this with no problem, and
this course will be credited at MIT.”

In October 2013, the global educational
platform Coursera was for the first time
in history joined by Russian institutions:
MIPT, SPBU, and HSE. Over six months
of cooperation, the Higher School of
Economics launched 12 educational
courses, for which over 100,000 people
signed up. The courses can be taken free
of charge, and the cost of a certificate
authenticated by the institution is about
USD 50. However, according to Maxim
Spiridonov, the prospects for Western
educational platforms on the Russian
market are low, since they are geared to
a different mentality and do not take

into account the specific ways in which
education is approached in Russia.

Geographical Structure
of Coursera's Users

32% US
8% India
4% UK

4% Brazil
4% Canada
3% Spain
3% China
2% Mexico
2% Australia
2% Russia

36% Other countries

Nhhy

Source: http://thenextweb.com/insid-
er/2013/10/24/
coursera-partners-13-institutions-pass-100-
total-sees-5-million-students-500-courses/
http://cdn1.tnwcdn.com/wp-content/blogs.
dir/1/files/2013/10/Coursera-Infographic.jpg.

8 http://rusbase.vc/news/EdTech-trends/

8 http://www.forbes.com/sites/skollworldfo-
rum/2014/02/13/
the-future-of-online-education/

& http://rusbase.vc/news/EdTech-trends/

8 http://presscentr.rbc.ru/
pressconf/2014/03/24/1556/

87 Professor of physics, Harvard University,
the chair of the International Advisory
Board of the Russian Quantum Center.


http://thenextweb.com/insider/2013/10/24/coursera-partners-13-institutions-pass-100-total-sees-5-million-students-500-courses/
http://thenextweb.com/insider/2013/10/24/coursera-partners-13-institutions-pass-100-total-sees-5-million-students-500-courses/
http://thenextweb.com/insider/2013/10/24/coursera-partners-13-institutions-pass-100-total-sees-5-million-students-500-courses/
http://thenextweb.com/insider/2013/10/24/coursera-partners-13-institutions-pass-100-total-sees-5-million-students-500-courses/
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The development of Russia’s own educa-
tional online services comes up against
issues that are specific to Russia. “One
of the considerations in the development
of Russian online education is the lack of
the habit of studying outside school and
university,” notes Maxim Spiridonov. In
addition, most Russian services provide
only paid access to content from the
outset, which greatly limits the scale of
the audience and opportunities for pro-
ject promotion. According to Maxim
Spiridonov, the relative unpopularity of
online educational platforms is also ex-
plained by the fact that Russians doubt
the effectiveness of online learning.
Maxim plans to solve this problem within
the framework of project Netology
project by engaging highly qualified
teachers from leading universities for
courses and using their feedback.

Another factor is a shortage of
high-quality content in Russian and diffi-
culties in the monetization of services
caused by the absence of effective de-
mand and the availability of free coun-
terparts. The best-known free, publicly
available projects in this sphere are
Universarium, Interneturok.ru (the Rus-
sian version of Khan Academy) and
Eduson, which are completely free of
charge.®

UNIVERSARIUM

The platform was launched with the sup-
port of Agency of strategic initiatives
and RIA Novosti. Russian universities
such as Lomonosov Moscow State Uni-
versity, Moscow Institute of Physics and
Technology and Plekhanov Russian Uni-
versity of Economics participated in de-
velopment of training courses.

» Over 245 thnd users

» 37 courses (available and in
development)

< 10 partner universities

EDUSON

This service focuses on online business
education. Eduson’s mission is to make a
high-quality education available for the
professionals. The project was initially
orientated on BRIC countries.

» Over 48 min users

» 190 courses available

UNIWEB

Uniweb offers online educations in part-
nership with top Ruiisan univercities. The
Key partner is Russian Presidential
Academy of National Economy and Public
Administration. Lomonosov Moscow
State University, MGIMO University and
Russian International Olympic University
also participated in development of
learning courses.

» Over 5 thnd users
» 35 courses available

< 10 partner universities

NETOLOGY

The online platform for basic and ad-
vanced training of Internet specialists.
The instructors are practicing industry
professionals.

» Over 112 thnd users

» 58 courses available

A prominent place among paid online
learning platforms in Russia belongs to
Uniweb, the first project that has been
able to conclude distance-learning con-
tracts with universities. For higher educa-
tion institutions, cooperation with the
portal is free of charge, and now agree-
ments are in place with nine institutions,
including MGIMO, MSU, RANEPA and
MSSES.® The startup is aimed at busi-
ness education and improvement of pro-
fessional skills; however, there are plans
to launch Bachelor's and Master's Pro-
grams in the future.

8 http://www.vedomosti.ru/career/
news/24218821/
obrazovyvajtes-sami?full#cut

8 http://www.rbcdaily.ru/
media/562949988663542
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DEVELOPMENT OF THE ROBOTICS
INDUSTRY: NEW CAPABILITIES
FOR UNIVERSAL APPLICATION

Achievements in the field of robotics
have given rise to opportunities for using
robots not only in industrial production,
but also in a wide range of sectors, from
agriculture to oil production.

“Reductions in the cost and improvements
in the quality of sensors, along with the
expansion of the affordable functionality
of robots, will lead to large-scale roboti-
zation of our everyday lives: from the
‘smart” home to the driverless vehicle,”
says Alexander Galitsky, the co-founder of
the Almaz Capital Partners venture fund.

The implementation of foreign robotized
industrial solutions might be extremely

Agricultural Robots Market,
2013-2020

16,300
817
|
2013 2020
(forecast)

Source: WinterGreen Research

expensive. The problem of Russian robot-
ics industry is its fragmentation: individu-
al firms and enthusiasts are engaged in
their own projects developing the solu-
tions in mechanics, electronics and pro-
gramming. The industry players hardly
exchange their ideas and participate in
joint projects so finally it causes the
problems in realization. Nevertheless, the
upcoming projects in robotics allow to
expect the future industry development
including the creation of professional so-
ciety and renewal of scientific and tech-
nical basis *°.

% http://habrahabr.ru/sandbox/79741/

6.

billion USD

YURI
BUROV

General Director
of Cubic Robotics

“Today, robotics and autonomous
systems in Russia and abroad are
one of the promising areas for
investment. Investors and inde-
pendent analysts alike are saying
this. Even most conservative esti-
mates would put size of the glo-
bal market at USD 4.5 trillion.

It follows that more and more
robotic projects will appear on
the market every day. In my
view, such projects will mostly be
narrowly focused - in the sense
that there will be no super robot

which can do everything. The
creation of such a robot requires

time and resources, and the cost
could be very high. Such robots
will appear in laboratories, but
not yet in mass production.

However, the market will see
(and is already seeing) relatively
low-cost robots that can perform
one or two tasks, but will do it
much better than people. It is
important to realize that the
market is created not only by
technologies, but also through
the generation of new finished
products. It is products that de-
velop the industry, bringing tech-
nologies from offices and
laboratories into real life.”
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TREND:

INCREASED AVAILABILITY OF AGRICULTURAL ROBOTS

The main application of flying drones
(miniature aircraft or quadcopters) is mak-
ing high-quality photographs of the Earth's
surface at an affordable price. Such
devices are equipped with a GPS module,
cameras for taking images and other sen-
sors. All stages of the flight, from takeoff
to landing, are carried out on autopilot; the
software also generates the optimum
route and adjusts the camera to take the
most suitable images for further
processing.

Compared to satellite images and
images taken from a regular airplane,
pictures produced by drones are a lot
cheaper and of higher quality (more
detail and less dependence on cloud
cover due to the lower flight altitude).

The cost of such devices starts from just
USD 1,000, which opens possibilities for
their usage on the mass market. This
has become possible thanks to the rapid
development of technologies: various
types of sensors (accelerometers, gyro-
scopes, and pressure and magnetic field
sensors), GPS modules, high-perfor-
mance processors and communication
modules. The technical specifications of
all these components are improving,
while prices are falling.

Aerial photographs made by agricultural
drones can facilitate the discovery of
problems resulting from poor irrigation,
soil quality, and pest infestations that
are difficult to detect using other meth-
ods. Moreover, the cameras of modern
drones can simultaneously take pictures
in the infrared and visible ranges, the

combination of which makes it possible
to detect sick plants among healthy
ones.

TREND:

ROBOTIC AUTOMATION
OF HUMAN ACTIVITIES

In 2013 the European Commission, along
with ten commercial institutions led by
Shell, launched the PETROBOT project
for creating a robot to replace humans in
the complex and costly process of main-
taining reservoirs used in the oil, gas and
chemical industries. The European
Union's investments in the project will
total up to EUR 6.2 million over three
years.!

Until very recently, robots used at pro-
duction facilities only had one manipula-
tor ("hand"), and if the production process
involved an action that could only be per-
formed using two "hands’, a second
one-handed robot had to be installed.
More and more companies have been
offering two-handed robots in the past
few years: Seiko Epson, Nachi, ABB, and
Kawada. The use of such robots will fa-
cilitate the joint performance of work by
both robots and humans.® “In medicine,
robots and semi-robots are already per-
forming operations to such a high stan-
dard that recovery after surgery takes
not weeks, but a few days. Further deve-
lopment of robotics will enhance the ef-
fectiveness of treatment and reduce

! http://europa.eu/rapid/
press-release_IP-13-810_en.htm

2 http://spectrum.ieee.org/automaton/robot-
ics/industrial-robots/
four-technology-trends-from-the-interna-
tional-robot-exhibition-2013
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costs, for example by carrying out remote operations,” says Al-
exander Galitsky.

Robots capable of moving through irregular terrain, as humans
can, will be able to replace humans in dangerous rescue opera-
tions and at toxic production facilities, and also provide day-to-
day assistance to the elderly and disabled. “Robotics will
change the labour market,” believes Alexander Galitsky. “Some
professions will disappear, as the relevant activities will be
automated”.

For robots to be used in day-to-day life and in an environment
customary for humans, the robots need to learn how to move
in such conditions. Walking, while intuitive for people, is a com-
plicated process, and it is only recently that progress has been
made in robots' mastering of this method of movement.

The humanoid robot Atlas created by Boston Dynamics confi-
dently walks over uneven terrain and can even run on an even
surface. This has become possible thanks to a qualitative
breakthrough in improving the robot's software.

Its predecessors, Honda's robot ASIMO and QRIO created by
Sony, were able to walk, but they did not manage their balance
well enough, which restricted options for their use. Atlas, how-
ever, has a more advanced ability to maintain equilibrium in
any situation. Equipped with two video systems — a laser dis-
tance meter and stereoscopic cameras — the robot can both
run on a treadmill and walk over a pile of debris. Also, Atlas
keeps its balance after being pushed, changing the position of
its hydraulically controlled body in space and transferring its
weight to one "leg".

Despite the fact that Atlas is as yet unable to perform day-to-
day tasks at home or in the office due to its complete depen-
dence on an external power source, even now it is able to work
in places too dangerous for humans, for example, at nuclear
power stations and highly toxic production facilities, perform-
ing such tasks as opening doors, closing valves, using power
tools, etc.

VALERIA
KOMISSAROVA

Business Development Director,
Grishin Robotics

“The emergence and spread of consumer robotics is one
of the main trends in the global technology market. We
regard consumer robotics as the next great technological
wave on a par with the advent of personal computers
and the Internet and the penetration of smartphones.
Robotics is finally becoming mass-consumed. Some time
ago, computing devices were large, expensive and inac-
cessible; then PCs became powerful and available to ev-
eryone. Now the same thing is happening to robotics.

One of the drivers of the development of robotics is the
fall in the price of components, largely thanks to the
smartphone revolution. Mass production has made com-
ponents cheaper and better-quality. The entry threshold
has decreased, and dozens of start-ups are able to use
sensors, which has led to increased innovation in this
field and the development of the industry:.

The democratization of 3D-printing is a factor in the
growth of the consumer robotics industry. The threshold
for entry to the robotics market is falling owing to the
simplification of prototyping, which facilitates a faster
rate of innovation and the development of the “economi-
cal start-up” concept, the essence of which is to reduce to
the maximum extent the gap between an idea and a
product that can be shown to the consumer. For example,
the company makes a half-ready prototype, puts it to the
market, gets feedback, and after a few improvement
iterations presents the finished product that meets the
demands of the consumer.

The latest trend is production growth in developing
countries. It is becoming possible to produce small and
medium-sized batches of goods without any urgent need

to launch mass production in China. This has been made
possible by the development of new production methods,
3D-printing and the appearance of local production
facilities.”
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The Global 3D-Printing Market,
2011-2021
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3D PRINTING

3D printers are additive manufacturing devices which create
tridimensional objects of practically any complexity layer by
layer based on a digital computer model.

The development of 3D printing and the resulting drop in prices
on 3D printers offer new possibilities for their industrial use in
manufacturing, designing and creating prototypes of products
in all areas of life: for the manufacture of private goods, in the
automotive industry, in the aerospace and defense industries, in
health care and in electronics manufacturing.

The advantages of 3D printing and the increased affordability of
the printers are promoting the rapid development of the market
and enabling private parties and small businesses to utilize them.

“In the corporate segment, 3D-printing technology will enable
problems to be solved faster and more cheaply than now,"
Nikolay Bobrov, CEO of Picaso 3D, the Russian manufacturer of
3D-printers, says with confidence.

These days a 3D printer can be purchased for less than USD
1,000. Inexpensive printers are in particular demand with scien-
tific institutions and enthusiasts who prefer to make things with
their own hands. The availability of new 3D printing services is
also promoting increased popularity and the level at which the
technology is used. For example, 3D printing cloud services,
Cubify and Sculpteo, make it possible to create or upload an al-

Sales of 3D Printers,

2009-2011
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Industrial 3D Personal
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6164
4 486 o978
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ready existing model of a 3D object free of charge, and then
order a printed model with delivery.

Currently, the main driver of the 3D printing market is the use of
printed objects in the automotive industry. Momentum is being
gained in segments for the manufacture of medical devices and
designer and jewelry items. In the health care sector, 3D print-
ing is used to create hearing aids and orthopedic and dental im-
plants. In the mass sector, according to Nikolay Bobrov of
Picaso 3D, 3D-printing will be most actively used for the manu-
facture of spare parts (for household appliances, cars, and so
on), and for printing items designed to meet the needs of the
family: assembly kits, toys and souvenirs. The German concern
Siemens has announced its use of 3D printing for the produc-
tion of spare parts for gas turbines, which, according to the
company, will make it possible to reduce downtime due to repair
work (in certain cases from 44 to four weeks) and lower costs.
Siemens has also become the first company to use 3D printing
for mass production of metal products. A number of large com-
panies, such as EADS and General Electric, have spoken of im-
plementing the technology in industrial production.

In August 2013, the American National Aeronautics and Space
Administration (NASA) successfully tested the most complex
rocket engine part ever created on a 3D printer — a nozzle which
injects fuel into the engine using 40 distribution heads®. The new

% http://www.nasa.gov/press/2013/august/nasa-tests-limits-
of-3-d-printing-with-powerful-rocket-engine-check/

48



49

INFORMATION
TECHNOLOGIESV

technology made it possible to reduce production costs by over

70 % and the production time from one year to four months.

3D printing offers businesses a number of advantages, including
reduction of production costs, rapid implementation of innova-
tions, shortening of the supply chain, mass customization and
the ability to launch new products on the market quickly. At
present, however, there are certain impediments to the further
spread and mass use of 3D printing. The most significant of
these are the limited range and high cost of materials used, the
high cost and complexity of modeling software and the lack of
industrial standards in the sector.

TREND:

IMPROVEMENT OF PRINTING ACCURACY
AND USE OF VARIOUS MATERIALS FOR
PRINTING

Currently existing personal 3D printers can only use various

plastics for printing, while the most advanced industrial de-

vices have expanded the range of applicable materials to in-
clude certain metal alloys. One of the most promising areas
for the development of 3D printing is the broadening of the

range of materials used.

Accomplishing this task will make it possible not only to cre-
ate objects with a set structure, but also complex objects

The Main Industries of 3D Printers

Applications

31% 26%
Consumer Automotive
Products / industry
Electronics

21% 22%

Aerospace and Medicine
military industry and Dentistry

Source: Wohlers Associates http://makezine.com/2013/08/16/
maker-pro-newsletter-24/

with set mechanical, electroconductive and optical charac-
teristics which are capable of performing complex functions.

To achieve this objective, both the development of process-
ing methods for existing materials and the creation of new
ones are needed, as well as improvement of mechanical sys-
tems. Noticeable progress has been made in this field by
teams from Princeton University, who were able to print an
artificial ear from biomaterials and electronics, and also by
representatives of Cambridge University who used retina
cells to create eye tissues.

3D printing technologies are gaining popularity in Russia,
where not only are objects being created with 3D printers,
but there are also companies that manufacture their own de-
vices. For example, work on the project for production of 3D
printing devices commenced in 2011, and the Picaso 3D
Builder became the first device to be mass produced in 2013
at the price of about RUB 85,000. The third generation of
the device, called Picaso Designer, is currently available®.
Maket-City®®, a company from Kursk, offers the Lumen 3D
printer, the construction of which is characterized by open
development, making it possible to set a low price for the
device, starting from RUB 39,000.

9 http://3dtoday.ru/3d-printers/picaso-3d/picaso-3d-builder/#description
% http://cnc.maket-city.ru/
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“The quality of Russian 3D printers today is on a par with
well-known American counterparts,” says Nikolay Bobrov of
Picaso 3D. “However, Russian companies can provide better
quality in meeting the needs of the client: this includes tech-
nical support, maintenance and supervision of the use of a
device, solving basic problems and troubleshooting within
five hours.”

State investment funds are making investments
in companies working on the development of 3D printing
technologies. Another way of stimulating the develop-
ment of the 3D-printing market in Russia is through
government initiatives aimed at import substitution. “We
expect sales of Russian equipment and services to grow
in the B2G segment (schools, universities and state-
owned companies), says Nikolay Bobrov. “Another positive
trend in terms of the development of the market is the
growth of state investment in the upgrading and replace-
ment of equipment in universities and laboratories.”

In 2012, the American National Additive Manufac-
turing Innovation Institute (NAMII), founded by a consor-
tium of business firms, research institutes and non-profit
organizations, received federal funding in the amount of
USD 30 million, and another USD 40 million was later
contributed by the group's members. The institute's opera-
tions are aimed at accelerating the implementation of ad-
ditive manufacturing. On 9 May 2013, the USA announced
the expansion of its network of innovative research and
development centers and public-private partnership, and
also announced the allocation of an additional USD 200

million for the development of 3D printing.

The government plans to invest USD 245 million
in the development of 3D printing over the course of sev-
en years. The Asian Manufacturers Association plans to
build ten 3D printing centers throughout China.

3D printing technology offers great potential for innovative de-
velopment, and it could lead to changes in many industries. The
governments of many countries are taking steps to stimulate
investments in the development of this sector.

Investing in the development of promising techno-
logical 3D printing solutions is to be one of the main
methods for increasing the share of industrial production
in the GDP from 16% in 2013 to 20% by 2020.

The government provides grants of up
to USD 10 million for research and development of 3D
printing technologies; in 2015 the creation of an Addi-
tive Technologies Center is planned, and the government
has allocated £15.3 million (@about USD 25 million) for its
construction.

The Federal Economic Development Agency of
Canada is investing USD 19 million in companies work-
ing on the development of 3D printing technologies.

State agencies are promoting the develop-
ment of the 3D printing industry by organizing thematic
conferences and seminars and by investing in research.

The AeroSwift project developed by Air-
bus, in conjunction with the South-African Council for
Scientific and Industrial Research (CSIR) and the
South-African aircraft manufacturer Aerosud, launched
in 2012, is aimed at developing ways of using additive
printing from titanium-based materials to produce air-
craft parts.




51

CEEAN TECHNOLOGIES
AND ALTERNATIVE

ENERGY SOURCES

Achieving the goal of reducing greenhouse emissions and the de-
structive impact of mankind on the Earth’s climate while the rate of
consumption of the planet's energy resources continues to grow re-
quires, on the one hand, an increased use of clean energy sources,
and on the other, optimization of current energy resources.

Even now, about 19% of all power consumed comes from renewable sources. In the past
few years, the cost of generating power by means of wind turbines and solar batteries
has fallen significantly, and more and more companies are looking at renewable sources
as the most reliable and profitable. “In Europe, solar and wind energy sources are consid-
ered as not the alternative, but the main sources: in some buildings, up to 30% of the
energy balance is provided by wind turbines,” — Oleg Dmitriev, the founder of Vert Rotors
company, which is engaged in the development of wave generators, says.

In order to continue the replacement of hydrocarbon-based fuels, ways have to be
found of improving the efficiency of the transformation and storage of energy from
renewable sources. Further advances in the technology of solar photocell production
will help reduce the cost of power generation; new methods of energy storage and
weather forecasts will help to increase the share of alternative energy sources in the
total generation volume.

Reduction of power consumption is achieved through the use of intelligent systems ca-
pable of minimizing power consumption by households and businesses without human
intervention and also of redistributing it so as to lower consumption during peak hours.

Apart from the growth of power consumption, increases in population augment the
problem of the lack of clean drinking water, which is especially urgent in certain re-
gions. Improvements in water treatment and desalination methods and the use of
new materials for these purposes will make it possible to improve the effectiveness
of the process and lower power costs, which will in turn expand the possibilities for
their application.

SERGEY
SUNCHUGASHEV

General Director
of EcoCat LLC

“‘Innovations in the manufacturing sec-
tor of the Russian economy emanate
mainly from the Russian Academy of
Sciences (RAS). Work done by scientists
has resulted in inventions that have
great value for businesses throughout
the country. The duplication of innova-
tive solutions generated by RAS insti-
tutions is many times less likely than
the duplication of new solutions in the
field of the Internet and IT. The RAS
works in conjunction with industrial
institutions and global business lead-
ers, using the results of inventive activ-
ity to design innovative end products
which are used by enterprises. For in-
stance, EcoCat’s main line of business
involves deploying the results of intel-
lectual activities of the Institute of Ca-
talysis of the Siberian Branch of the
Russian Academy of Sciences in the
sphere of catalytic heating.

In order to establish a strong position
in the global technology market the
Russian Federation needs to give prior-
ity to the development of exactly such
development centres, which currently

account for significantly less invest-

ment than IT projects”.
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ETAY
ZETELNY

EY Israel, CleanTech
Advisory and Global Incentives
Groups Leader.

‘Cleantech is maturing and scaling up
globally. Today, renewable energy is the
fastest growing energy source. Over the
last 15 years the cost of onshore wind
has fallen by 50%, and over the last 5
years solar prices have decreased by 80%
and LED lighting prices by 85%, while
energy storage has got 50% cheaper. De-
spite the reduction in subsidies, the total
installed capacity is on the rise. During
2013 China invested 61B USD in renew-
able energy, USA 49B USD, and Japan
increased its investment by 55% to a to-
tal of 36B USD. Annual new generation
capacity worldwide increased by 83 GW.

One of the most interesting mega-trends
in cleantech is the empowerment of cus-
tomers. Energy transformation, the rapid
growth of the “Internet of things” and
the shift to mobile technology and appli-
cations are all transferring power to cus-
tomers. New cleanweb technologies, the
distribution of power generation, smart
grids and smart homes, improvements in
energy efficiency management tools and
future trends such as electrification of
transportation and energy storage are
changing customers' experience and af-
fecting the traditional utility business.
New players such as Google, Apple,
AT&T and new business models of ener-
gy optimization will keep the demand
for cleantech solutions growing'.

FURTHER DEVELOPMENT
OF ALTERNATIVE ENERGY
SOURCES

Given the lack of development in means of preserving energy, the main
shortcoming of alternative energy sources, such as wind and solar energy, is
the severe fluctuation in the level of the generation depending on weather
conditions. The increased share of alternative sources in the total volume of
the energy generated by energy companies gives rise to a need for energy
back-up, i.e. the creation of other sources that are able to compensate for
shortages of energy supply at particular times. Conventional power plants
operating on hydrocarbon fuels are usually used for this purpose. This is an
expensive solution, and the larger the volume of reserve energy needed, the
greater the cost. Increasing the accuracy of forecasting may help to reduce
the volumes required, thus reducing dependence on conventional fuels.

Global Installed Wind Generating Capacity, GW
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The exact forecasting of weather condi-
tions is especially needed in implemen-
ting ideas relating to the scheduling of
energy consumption and conservation.
Rechargeable batteries of electric cars
have sufficient capacity to supply the
electricity needs of a dwelling for several
days. The use of the following arrange-
ment for reducing the use of hydrocar-
bon energy sources is becoming possible
with the growth in the take-up of electric
cars, which may accumulate energy re-
ceived from a solar array in the day-time,
use it to supply power to rooms and
premises in the evening, when demand is
at its highest, and then recharge at night
and in the morning using energy received
from wind turbine generators. The Na-
tional Renewable Energy Laboratory in
the USA, in partnership with energy com-
panies, manufacturers of transport vehi-
cles and charging plants, is developing a
plan aimed at the integration of electric
cars.®

TREND:

REDUCTION IN THE COST
AND INCREASE IN THE
EFFICIENCY OF SOLAR
CELL ARRAYS

The share of renewable energy sources
in the total volume of electric power pro-
duced in the world is continuing to rise.
The greatest growth among alternative
sources in relative terms in 2013 oc-
curred in the solar power sector, which
increased 28% during the course of the
year. In absolute terms it was second
only to hydropower: the increases
amounted to 39 and 40 GW
respectively.?’

A number of years ago, Xcel Energy, an energy company providing energy
services to 3.3 million electricity consumers, used wind energy forecasts
based on data from two meteorological stations located at wind farms. The
differences between the forecast and actual figures were 20% on average,
and, in some cases, the forecast was not justified at all. This meant that the
full volumetric capacities of wind turbines had to be backed up.

The monitoring solution of the National Center for Atmospheric Research
(NCAR) collects information from a large number of wind generators, and
then uses these data to form a forecast that is combined with forecasts from
five other independent sources. Then, the most probable forecast for each
wind farm is determined with the use of historic data on weather condi-
tions. Based on the forecast produced, the volume of capacity expected to be

generated by a wind farm at fifteen-minute intervals is calculated for the
next seven days.

The forecast obtained through the new system is significantly more accu-
rate than the previous system, allowing the company to suspend the opera-
tion of a number of conventional-fuel-based stations. The forecasting
system is used in six U.S. states, including Colorado, Minnesota, New-Mexi-
co, Texas and Wisconsin, covering more than 3,000 turbines, and its applica-
tion has enabled Xcel Energy to increase the share of wind energy in the
generated volume to 30% and to save up to USD 6 million per year.®®

On one weekend in 2013 more than 60% of electricity in Colorado was
sourced from wind farms, which is a record figure.

The next stage of the development of the NCAR forecasting system will be
the preparation of forecasts for the generation of solar energy, using data
from satellites, thermovisors and pollution monitors and from publicly
owned solar arrays.

% http://www.nrel.gov/vehiclesandfuels/project_ev_grid_integration.html
97 Renewables 2014 Global Status Report, Table R1. http://www.ren21.net/ren21activities/globalstatusreport.aspx
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Total Capacity of Alternative Electric
Energy Sources in the World in 2012
and 2013, GW
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The main generating capacities of solar power engineering are
still centered in Europe (Germany, Italy, Spain and France), as
well as Japan, the USA and China. In this respect, in 2013, Chi-
na was in second place after Germany in terms of the capacity
of its solar power plants, which increased almost threefold to
19.9 GW (compared with the 35.9 GW capacities of Germany's
solar plants).

The popularity of solar power engineering may be explained by
the continued reduction in the manufacturing cost of photo-
cells (generally based on polycrystalline silicon), improvements
in manufacturing methods and economies of scale. In 2013,
large Chinese manufacturers achieved a solar electricity cost
of 0.5 US cents per 1 W. There is a continuing trend in favor of
the relocation of photocell manufacturing from Europe, the
USA and Japan to developing markets: in 2013, over 87% of
production was manufactured in Asia, including 67% in China.*®

Solar Electricity Generation in the 5 Biggest
Countries, GW
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The cost of installed solar energy systems has also decreased,
though not as fast: in the US, the cost of a roof-mounted solar
cell array has fallen by 37%, with approximately 80% of this
reduction attributable to the cost of photocells.

Solutions with innovative materials are also being developed
alongside improvements in existing photocell production tech-
nologies. Thus, new photocells based on calcium titanate may
reduce the cost of production of a solar cell array by more than
4 times.

The rapid improvement in solar power engineering technolo-
gies is explained in particular by intensive investments in this
area: in 2013, USD 113 billion was invested in this trend, which
is more than a half of the entire volume of investments in al-
ternative energy sources.'®

% Renewables 2014 Global Status Report, SOLAR PV INDUSTRY.
http://www.ren21.net/ren21activities/globalstatusreport.aspx

1 Renewables 2014 Clobal Status Report, Table R11. http://www.
ren21.net/ren21activities/globalstatusreport.aspx
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The Costs of Photovoltaic System Production
by the Most Efficient Manufacturer in China,
dollars/W
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Source: Global PV Competitive Intelligence Tracker.

In Russia, the total capacity of solar generation in 2012 was no
more than 5-6 MW, accounting for 0.003% of the total estab-
lished capacity of electric power plants (223 GW).'°" This state
of affairs may be explained by the lack of stimuli for the use of
alternative energy sources, as Russia is not dependent on
foreign energy resources, being, on the contrary, a major
exporter of those resources.

Additionally, the larger part of the Russian Federation is char-
acterized by a low insolation level of no more than 3-3.5 kWh/m2
per day. A maximum solar radiation level of no more than

5 kWh/m2 per day is found only in certain regions of Eastern
Siberia and the Russian Far East, which are notable for their

underpopulation and low economic indicators.

The regions of the Southern and Northern Caucasus and the
Central Federal District, in which economic potential combines
with solar insolation, are the most favorable for the construction
of solar power plants. The first solar power plant was built in
Russia in November 2010 at Krapivenskie Dvory in the Belgorod
Oblast, with a designed capacity of 133,400 kW*h per year.

19T http://minenergo.gov.ru/activity/powerindustry/powersector/struc-
ture/manufacture_principal _views/

The main shortcoming of amorphous hydrogenated
silicon, which is used in the production of thin film
modules, is the deterioration of its optical and photo-
electric characteristics when exposed to sunlight, re-
sulting in decreased efficiency of solar cells. In order
to rectify this fault, silicon nanocrystals are added to
amorphous silicon, but increasing the volumetric
proportion of nanocrystals above a certain level
causes the photoelectric properties of the amorphous
silicon to deteriorate, which is why it is important to
determine the optimum level of additions.!%

Workers at the Physics Faculty of Moscow State Uni-
versity and the loffe Physical-Technical Institute
have determined optimum levels of added silicon
crystals for the purpose of eliminating degradation
and preserving the properties of amorphous silicon,
as well as offering means of obtaining a material
that is compatible with existing industrial
technologies.

The technological parameters of the formation of the
material were developed at the Ioffe Physical-Tech-
nical Institute. The results of the project had a prac-
tical application: the technology developed for the

production of modified amorphous silicon may be

used at the Havel factory for the manufacture of
thin film solar modules, as it is completely compati-
ble with company’s technological processes
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Insolation Level in the Regions
of Russia
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The cost of electricity generated by the
Krapivenskaya electric power plant is
RUB 9 per kW*h. Although the cost of
electricity at the nearby Kursk Nuclear
Power Plant is lower, amounting to RUB
2.3-4 per 1 kW*h, it is much more profit-
able to build a new solar power plant
than to build new power lines and distri-
bution stations'®. In addition, the cost of
the production of electricity generation
is expected to reduce as the volume
generated increases.

Russia also has plants for the production
of photovoltaic modules. For instance,
the solar cell arrays based on polycrys-
talline silicon that were used in the con-

4—45 45—75

struction of the Krapivenskaya electric
power plant were produced at the Rya-
zan Metal Ceramics Instrumentation
Plant (RZMKP).

Developments in the manufacture of
second-generation photoelectric trans-
ducers based on light films are an up-
coming trend. The technology of
manufacturing thin film modules is less
energy-intensive and enables the produc-
tion of flexible, inexpensive modules with
a large surface area, though at the cost
of reducing their efficiency. In 2014,
Hevel began manufacturing thin film
modules using the Oerlikon Solar produc-
tion line in Novocheboksarsk. The project

resulted in the creation of a fully integra-
ted enterprise with a capacity of 130 MW
per year'®.

It is anticipated that products made by
this enterprise will be supplied to coun-
tries of Southern Europe (Italy, Spain and
Greece) and Germany, while up to 15%
of the modules will eventually be sold in
the Russian market.

1% http://www.kommersant.ru/doc/1536273
19 http://www.rusnano.com/projects/portfolio/
hevel
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Perovskite (calcium titanate), which was discovered in
the Urals in 1839, may serve as a material for the cre-
ation of cheaper and more efficient photocells than those
currently on the market. The United States Department
of Energy estimates that the cost of electricity generated
by the most widespread silicon-based photocells amounts
to 0.75 US dollar per 1 W, while generation by fossil fuels
amounts to 0.50 US dollar per 1 W. The use of perovskite
would enable the production of photocells generating
electricity at a cost of 0.10-0.20 US dollar per 1 W.1%

Perovskite, first used in photocells in 2009, showed a low
efficiency in converting solar energy into electricity —
approximately 3.5%. Additionally, the use of liquid elec-
trolyte resulted in rapid dissolution of the mineral,
making it unsuitable for mass use. Through the develop-
ment of technologies over the next few years and the re-
placement of liquid electrolyte with solid materials,
Michael Gretsel, the creator of the cells of the same
name, achieved 15% solar energy conversion into elec-
tricity in perovskite-based photocells. This indicator in
polymer solar cells or standard Gretsel cells represents a
lower level of solar energy conversion into electricity
than in photocells based on crystalline silicon. Neverthe-
less, the major advantage of a material such as perovskite
is its low cost.

Perovskite-based materials do not require power-inten-
sive and complicated manufacturing processes; unlike in
the case of crystalline silicon, neither a vacuum chamber

nor high temperatures are required, nor does the materi-
al have to be at a super-high level of purity. In addition,
the low thickness of perovskite cells (1 micron, compared
with 180 microns for silicon-based cells) means that the
consumption of material is also reduced, as is the weight
of the final structure. At the same time, perovskite can
be applied to various surfaces, such as windows and
walls.

Henry Snaith of Oxford University has organized the Ox-
ford Photovoltaics start-up for the commercialization of
the technology. By July 2013, the company had attracted
£4.4 million in investments, and employed 14 people.®
As noted above, the manufacturing processes for
perovskite-based solar cells manufacturing are quite
simple: it may take the form of spraying liquid material
over a surface or sedimentation from the gaseous state.
On the other hand, experience shows that establishing a
large manufacturing enterprise would take more than
10 years, and the price of silicon-based solar cells might
reach USD 0.25 per 1 W within that time, which would
level down the advantages of perovskite!®.

One possible alternative application for the material
might be to boost the efficiency of conventional solar
cells by applying a film made of perovskite material to
the surface of the photocells. This would increase the
price of the product by no more than by 20%. In the long
run, it would enable the achievement of a reduction in

the cost of electricity generation.
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INTELLIGENT SYSTEMS FOR
CONTROLLING POWER CONSUMPTION

TREND:

INCREASED PRESENCE OF SYSTEMS FOR CON-
TROLLING POWER CONSUMPTION

Global power consumption is expected to
show a 56%'® increase by 2040. Though
the share of alternative energy sources
is increasing, hydrocarbon fuels will cover
up to 80% of energy production, causing
an inevitable increase in the level of pol-
luting emissions into the air.

About 40% of all energy consumed is
used jointly by households and commer-
cial buildings for the purposes of heating,
cooling and lighting'®. According to ex-
perts, about 39% of this energy is used
unnecessarily or lost'®. Intelligent sys-
tems used to control power consumption
in buildings may provide power savings
of up to 30% on current consumption
levels'". As a rule, such systems for in-
creasing the efficiency of resource con-
sumption form part of automated
building management systems com-
prised in the concept of a smart home.

Smart homes are capable of recording
and monitoring the consumption of re-
sources (power, gas and water) by ma-
naging the system of lighting, heating,
ventilation and electrical appliances. For
these purposes, data is collected from
sensors located inside the building and
use is made of information on current
weather conditions and forecasts, the

time of the day and other factors.

The idea is gaining popularity as it be-
comes more and more affordable
through the use of integrated systems
combining sensors, electrical appliances
and power generators; such systems are
also facilitated by the growing penetra-
tion of smartphones used to manage
them. It is expected that, by 2020, the
smart homes market will have a turnover
of USD 52 billion, meaning an annual
growth level of 18%.'"?

Sensors and detectors are also becom-
ing more affordable. Today one can buy
a smart programmable thermostat for
just USD 150-USD 200. The most popu-
lar of these devices is the Nest Labs
thermostat equipped with a humidity de-
tector, luminance sensor and motion de-
tector. What is special about the Nest
Labs product is that it can be taught.
The thermostat enables you to set the
desirable temperature via the Internet. It
also accumulates information on the us-
ers’ preferences and either cools or
heats the house before the residents are
back. The device is also equipped with a
motion detector enabling it to identify
when no one is present in the room and
to decrease the power consumption. In

198 http://www.eia.gov/todayinenergy/detail.cfm?id=12251
19 http://www.eia.gov/tools/fags/fag.cfm?id=447&t=1

"%http://www.bems.trendcontrols.com/en/

February 2014, Nest Labs Company was
purchased by Google for USD 3.2 billion,
which will enable it to keep developing
its products and to conquer international
markets using the experience gained by
the world’s largest search engine.

Intelligent energy management system
technologies represent a promising area
for the Russian market. However, the de-
ployment of such systems is a high-tech
undertaking and requires significant in-
vestment. At present, investments made
by domestic energy companies are
geared towards addressing urgent is-
sues, such as the upgrading of basic
equipment.

It would be premature to expect the
rapid widespread deployment of “smart”
network technology in the Russian ener-
gy sector, but today, pilot projects are
being implemented in this area, one of
them in the North-West Federal District.
This region was selected owing to the
existence of unresolved problems there,
and in particular the need to increase the
transmission capacity of transmission
lines, create redundant power systems
and improve the reliability and quality of
the power supply to consumers in St Pe-
tersburg. Elements of “smart” networks
are implemented not only in the region’s
primary grid but also in distribution net-
works. This involves both the installation
of smart meters for consumers and the
implementation of software solutions for
the processing of measurement signals
and automated management of con-
sumption and emergency modes.

" http://www.knx-gebaeudesysteme.de/sto_g/English/GENERAL_DOCUMENTATION/2CDC500060M0201_HB_EnergyEfficiency_EN.pdf
"Zhttp://www.prweb.com/releases/smart-homes-market-2020/analysis-and-forecasts/prweb11302579.htm
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You can save power costs by adjusting consumption in
the course of the day and consuming less during the
high-peak morning and evening hours and more during
low-peak hours at night. To do this you need tools to
monitor and manage power consumption and options for

the application of lower tariffs during off-peak hours.

Intelligent power accounting is possible through ‘smart
meters’ and is an integral part of smart power networks.
An average consumer takes the readings of their power
meter once a month at most. Smart meters, on the other
hand, are capable of transmitting readings to the power
provider much more often.

Beside, such smart meters are able to meter the consump-
tion rates of particular electrical appliances and inform
the user accordingly, thus enabling the user to analyze
and control the power consumption for those appliances.
The ‘smart meters’ used under the “10,000 Smart Meters”
program by E.ON made it possible for households to re-
duce consumption rates by 10% over 18 months***.“In the
UK, interaction between the user and the energy supplier
is fully automated, so that even meter readings are re-
corded automatically”, - Oleg Dmitriev says.

As mediators between electricity producers and consu-
mers, smart meters receive updates on tariffs from the
powergenerating companies. Such meters are able to ad-
vise users on the best times for using power-intensive
devices, or even to control power consumption without
the user’s involvement, e.g,, by switching on a washing
machine during the night hours when the lowest power
tariffs are applicable.

Miele, the German manufacturer of domestic appliances,
makes its products (such as washing machines, dish-
washers, clothes dryers etc.) compatible with ‘smart elec-
tricity networks’, i.e., such devices can be switched on by
signals received from the Meile@home gateway. Such
devices also have options for exchanging data with other
available smart systems; for example, a device can
switch on appliances under its control once it gets con-
firmation that enough power is being generated by solar
batteries installed on the roof.

Adjusting the power consumption schedule can save
costs only if load-rate tariffs are available. Wholesale
prices for electricity are subject to the flow of demand
and vary significantly in the course of a day and week.
Retail prices are generally set at a fixed rate. In 2012-
2014, the power generating company providing power to
Sacramento, CA, carried out a pilot project introducing
load-rate tariffs'!# that were varied according to the flow
of demand. The purpose of the project was to ensure cor-
respondence between wholesale and retail tariffs. As a
result of the pilot project, power consumption during
peak hours fell by 26%, and only 10% of consumers op-
ted out of the dynamic tariff plan. By 2018, the company
plans to apply load-rate pricing to all consumers with a
view to eventually reduce peak-hour power tariffs.
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DZYUBENKO

Technology&Manufacturing
Director, RM Nanotech

‘Our country has significant potential
for research and development in the
field of membranes and membrane
equipment. The history of the develop-
ment of membrane technology in Rus-
sia is inextricably connected with the
establishment and development of
Membranes Interbranch Scientific and
Technical Complex (ISTC) more than
40 years ago. It was on the basis of
ISTC that the Vladipor Scientific and
Technical Center was established in
1998. The Vladipor Scientific and
Technical Center is the initiator of the
Russian Membranes Project for the ex-
ecution of which RM Nanotech was
founded in 2010.

RM Nanotech exports more than 50%
of its products and is highly competi-
tive with European manufacturers in

terms of the quality of water purifica-
tion membranes.

The main competitors of RM Nano-
tech on the global market are the USA
membrane manufacturers which

either produce entirely new mem-

branes or upgrade existing models ev-
ery three years. In order to remain
competitive, RM Nanotech continues
to invest to R&D, including the devel-
opment of new membrane forms tai-
lored to specific applications, thanks
to the project initiator and sharehol-
der Vladipor, a science and technology
center that has transferred its mem-
brane studies and technological ad-
vances, and in view of the high
demand for better quality water".

INNOVATIVE TECHNOLOGIES FOR
WATER TREATMENT AND
DESALINATION

The problem of the shortage of safe drinking water is already a pressing issue
and is set to become more and more acute as the world population grows. Exis-
ting technologies for water purification and desalination are very power-intensive,
making them too expensive to be applied on a large scale. The general trend is
toward the use of innovative materials and improved technologies in order to in-
crease performance.

Improvement of purification technology can provide reduced power consumption
and increased portability of systems by using new materials and applying innova-
tive technologies. These new materials include membranes based on extra-long
carbon nanotubes as well as biomimetic membranes based on the same princi-
ples as aquaporins. Aquaporin is a Danish company engaged in the commercial-
ization of aquaporins (proteins discovered in 2003); it announced that its products
will be available for commercial use with effect from 2014.

WATER PURIFICATION MEMBRANES
BASED ON EXTRA-LONG CARBON
NANOTUBES

1S http://www.nature.com/ncomms/2013/130813/ncomms3220/full/
ncomms3220.html
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DEVELOPING ENERGY
STORAGE TECHNOLOGIES

TREND:

ENERGY STORAGE TECHNOLOGIES
APPEAR AS THE SHARE

OF ALTERNATIVE POWER SOURCES
INCREASES

With improvements in alternative sources of power and the
continued growth in their share of total energy generated, the
problem of energy storage is becoming increasingly topical.
However, new solutions to address this problem are not being
developed at a fast enough rate.

Accumulator batteries used by a wide variety of devices (from
home appliances to electric cars) are the most popular solution
for conserving energy. Projects aimed at expanding the use of
accumulator batteries are in evidence all over the world.

Germany, the world leader in the use of alternative power
sources, is promoting development in this area by subsidizing
new solutions to conserve alternative energy (mainly acid and
lithium-ion batteries). The project was launched in 2010 and by
2013 it had been allocated EUR 32 million in the form

of preferential-term loans and EUR 5 million in the form of
grants.''®

In 2013, the state of California enacted a decree obliging
power companies to provide for the storage of at least
1,325 MW by 2020 (storage technologies may include
accumulator batteries without limitation).

However, experts believe that accumulator batteries will pro-
vide adequate energy storage only in the short-term future,
and will fall short of covering consumer demands in the long
term; besides, since accumulators do not have proper ener-
gy-saving properties it is essential for other methods to be de-
veloped, including chemical (e.g., hydrogen-based) methods and
compressed air energy storage.'"”

The basic principle consists of using alternative
sources of power to compress and cool gas stored in
gas chambers (for which purpose underground caves
are used) at a pressure of 60-70 standard atmo-
spheres. When the stored energy is needed, the air is
released from storage and heated, activating a gas
turbine that generates power. This method is not
new. It was patented in 1948 and is used by Huntorf
(Germany) and McIntosh (USA) power plants. The
drawback it has is the low thermal efficiency (40-
500%), which is due to the fact that much energy is
lost at the stage of compressing the gas and this
energy has to be compensated to the compressed air
in order for it to be used in the turbine. The air is
heated using traditional hydrocarbon fuel.

The ADELE Project carried out by General Electric,
the German companies RWE and Zuiblin and the Ger-
man Aerospace Centre is aimed at increasing the ef-

ficiency level of this method to 70% through the use
of an adiabatic process (which means that heat does
not enter or leave the system). It is supposed that
heat generated in the course of compressing the air
will be accumulated and then returned to the air
once it is released. A demonstration plant based on

this principle with a capacity of 1 GWh and an out-
put of 200 MW is expected to be ready by 2016.

e http://reneweconomy.com.au/2013/germany-finances-major-push-into-home-battery-storage-for-solar-58041
"7 http://www.greentechmedia.com/articles/read/the-long-term-storage-challenge-batteries-not-included
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Using hydrogen for energy storage involves using excess solar or wind
energy to electrolyze water (split it into oxygen and hydrogen). The hydro-
gen may then be accumulated and used separately (e.g., in power cells) or
as part of a process to obtain methane (e.g, through a Sabatier reaction).
The advantage of this solution is the option to use the existing gas
distribution network.

The process of electrolyzing water requires new facilities. It should be

noted that, unlike storage plants, such facilities are quite compact, do not
involve much capital investment and may be installed almost anywhere.
The hydrogen generated may be used not only to generate power but also
for production and transportation purposes.

Though the hydrogen energy storage solution is easy to implement, its

performance index is low, i.e. ~ 60% of the initially generated power is lost.

In view of this fact, work needs to be done to improve the efficiency of this
technology.

In Novemnber 2013, a German company named Thuga supplied!*® hydro-
gen that it generated by electrolysis to the gas distribution network. After
2014 it is expected to take two years to carry out pilot testing of a 315
kWh unit producing 60 cubic meters of hydrogen per hour. The fuel used
is hydrogen-enriched natural gas, which has a 50% lower nitrogen oxide
emission rate than standard natural gas. After 2016, it is planned to im-
prove the engineering process to achieve full conversion of hydrogen into
natural gas for supply to the gas distribution network.

In France, the GRHYD project scheduled for 2013-2020 is being carried
out jointly by GDF Suez S.A. and AREVA. This project also involves obtain-
ing hydrogen using excess solar or wind energy and then supplying it to
the gas distribution network for space and water heating or using it as
fuel!*® A similar project for using hydrogen to store energy was launched
in 2013 in the Apulia region (Italy) and in Canada.

ELECTRIC CARS

TREND:

EMERGING ELECTRIC
CAR MARKET

By 2014, sales of electric cars are ex-
pected to increase by 86%, amounting to
346,000 per year.'? The major electric
car markets will still remain the USA, Eu-
rope (the Netherlands, Denmark, and
Norway) and Japan. In Norway, around
20% of all cars sold are electric vehicles,
while in the UK electric cars will account
for 2-3 9% of the market by 2020."*'

Competition is becoming more and more
intense both in terms of the luxury cars
market, in which players such as Audi
(e-tron), BMW (i8, i3), Cadillac (ELR),
Mercedes (B-Class Electric Drive), Saab
and Volvo are competing with Tesla Mo-
tors, as well as in the area of low-cost
cars (Nissan, Kia, and Volkswagen are
expected to offer their own models).

The ever increasing popularity of electric
cars is driven both by government incen-
tives and by the enhanced performance
and reduced prices of electric cars.

The Zero Emission Vehicle (ZEV)'??
Project carried out by the authorities of
California (USA) is aimed at decreasing
automotive pollutants and sets minimum
targets for the percentage of electric
cars within the overall volume of car

120http://www.navigantresearch.com/research/
electric-vehicles-10-predictions-for-2014

12T http://www.theguardian.com/environ-
ment/2014/may/03/
uk-electric-car-sales-speed-up

122http://www.arb.ca.gov/msprog/zevprog/
zevregs/1962.2_Clean.pdf
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Electric Vehicle Sales by Country, thousand vehicles
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Source: http://www.iea.org/publications/globalevoutlook_2013.pdf.

sales. The targets are 2% by 2018 and
10% by 2022. It should be noted that in-
stead of manufacturing electric cars it-
self, a company may purchase so-called
ZEV credits from other manufacturers
that have enough of them, such as Tesla
Motors. The system will eventually lead
to an increase in sales of electric cars.
So far, seven other states have partially
joined the California project, and more
states are expected to join.

At the beginning of 2014 the UK pro-
longed by two years its program offering
GBP 5,000 grants to those who purchase
electric cars. In addition, GBP 100 million
was allocated for scientific research in
this area, GBP 50 million for the green
car program and GBP 5 million was for
the program of electric cars for civil
servants.

In Russia, however, the electric car
market is only just getting started. At
present, apart from certain models
manufactured in China, the country offi-
cially imports only the Mitsubishi I-MiEV
model. In 2013, just 100 of these cars
were sold (in total, about 200 electric
cars have been sold since the market
launch). To put this in context, in the
same year, 2.78 million'?* internal com-
bustion engine cars were sold. In 2013,
97,000 electric cars were sold in the
USA (accounting for 0.6% of total motor
car sales); in the same year, 30,000'*
electric cars were sold in Japan and
23,000 in the Netherlands.

By the end of 2013, Russia decided to
cancel its 19% import duty on electric
cars. Renault announced that it is ready
to import its electric cars to Russia; how-
ever, most manufacturers have adopted
a wait-and-see approach.

Russian manufacturers are also develo-
ping electric cars of their own (such as
the Lada Ellada by AvtoVAZ, based on
the Lada Kalina model). The batteries
that the Ellada is equipped with enables
the user to drive 140 km, and it takes

8 hours to charge the battery using your
home socket. The Stavropol Krai authori-
ties have launched a pilot program that
involves purchasing 100 electric cars to
be used as taxis at the Caucasian spa
resorts. The first five electric cars under
this project were supplied in January
2013, and 30 more electric cars were
delivered to dealers for test drives.

125 http://www.aebrus.ru/en/press-releases/
sales-of-cars-and-light-commercial-vehi-
cles.php

12*http://www.hybridcars.com/
december-2013-dashboard/

12> http://evobsession.com/
japan-electrified-vehicle-sales-2013-report/
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Technical Characteristics of the Most Popular Electric Cars

Electric car models

Average Price, USD

Drive Range, km Charging time (min/hours)

Tesla Model S 69 900 335 40 min
BMW i3 41 350 129-161 30 min
Chevrolet Volt Plug-in-Hybrid 39145 61 4 hours
Nissan Leaf 28 800 121 4 hours
Toyota Prius Plug-in-Hybrid 32 000 17 1,5 hours
Ford Focus Electric 39200 122 4 hours
Honda Fit EV 36 625 132 3 hours
Smart ForTwo Electric 28 800 109 6 hours
Chevrolet Spark EV 27 495 132 7 hours

Source: http://www.statista.com/chart/1787/electric-and-hybrid-vehicles-by-the-numbers.

The factors deterring Russians from purchasing electric cars
include their high price and the lack of charging infrastructure.
On average, electric cars cost twice as much as similar internal
combustion engine cars. After the import duty was cancelled,
the price of an officially imported Mitsubishi I-MIEV car de-
creased from RUB 1.8 million to RUB 999.000, and a Lada El-
lada may be purchased for RUB 1.25 million or more (whereas
Lada Kalina may be purchased for just RUB 400.000). The ab-
sence of charging infrastructure is the other reason preventing
electric cars from entering the market. Basically, your electric
car may be charged at home, but it will take 6 to 8 hours. As of
now, Russia has approximately 200 fast-charging points (en-
abling your car battery to be charged to 80% of capacity with-
in just 15-20 minutes), 50 of them in Moscow. By way of
comparison, Europe has around 15,000'% fast-charging points,
and the USA around 8.000."%

The situation in this segment could be changed through go-
vernment incentives to help the industry, e.g. by applying similar
measures to those used in Europe and the USA, such as per-
mitting electric cars to drive in bus lanes or offering owners of
electric cars free parking.

TREND:

DEVELOPMENT OF RENT-AN-ELECTRIC-
CAR SERVICES

Rent-a-car services for cheap trips within the city are becom-
ing more and more popular. Experts'?® say that in the USA such
services will use more than 22,000 cars by 2014, while in
Europe, by 2020, the overall vehicle fleet will reach the level of
240,000 cars (for reference: in 2011 these services had a fleet
of 21,000 cars) and the number of people using them will in-
crease during the same period from 700,000 to 15 million
people.

One of the reasons for the increased popularity of rent-a-car
services is that they use electric cars that are more compact in
size than traditional cars, making them more convenient when
it comes to parking. Even basic-configuration electric cars in-
clude GPS navigators, and they are less expensive to maintain
than cars based on the internal combustion engine.

126 https://www.plugsurfing.com/en/charging-station-list
127 http://www.afdc.energy.gov/fuels/electricity _locations.html
28 Navigant Research's
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AutoLib rent-a-car service offers only Bollore BlueCar electric
cars, and the company has displayed sustained growth since its
incorporation in the late 2011. By the end of 2014, it plans to
expand its network in and around Paris to 3,000 electric cars.
The company also plans to expand into other French cities
(such as Lyon and Bordeaux) and to enter the USA market (In-
dianapolis, Indiana). Major manufacturers such as BMW or
Daimler are also developing this type of service using electric
cars. In view of the foregoing, we can expect electric cars to be
further promoted.'

TREND:

ENHANCED BATTERY PERFORMANCE
AND CREATION OF WIRELESS
CHARGERS FOR ELECTRIC CARS

Despite the impressive progress made by the technology, bat-
tery capacity (limiting driving distance) remains a constraining
factor for the popularity of electric cars. As of now, there is
only one model (namely, the Tesla Model S) that has a driving
distance exceeding 400 km without recharging; however, its
minimum price is USD 71,000. More affordable electric cars
have a driving distance below 160 km.

Tesla Motors has announced its commitment to increase battery

capacity without increasing the price. By 2017 the company expects
to present its Tesla Model 3, providing a driving distance of 320 km

Estimated Cost of Electric Vehicle Batteries
up to 2020, Dollars/kWh
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without recharge; it will have a starting price of USD 35,000. Experts
estimate the price of the Tesla Model S battery at USD 15,000, and
the manufacturer expects to reduce this by 30% by using batteries
of its own, manufactured by the plant that it runs jointly with
Panasonic. LG Chem also announced that, by 2017, it expects to
present a car battery providing a driving distance of 320 km; the
price of the battery is expected to vary between USD 30,000 and
USD 35,000."°

Another possible solution to deal with the low capacity of electric
car batteries is for wireless chargers to be installed along highways
and roads. The first commercial samples are expected to be pre-
sented in 2014. The know-how used to create such devices involves
the wireless transfer of electric power through electromagnetic in-
duction (meaning that electric power would be transformed into an
electromagnetic field with the aid of a special device to be incorpo-
rated in the road bed, and electric power would then be absorbed by
a special receiving device attached to the bottom of the car).

This technology would make it possible for an electric car to be
charged during short stops, removing the need to increase battery
capacity for city electric cars. The Society of Automotive Engineers
is expected to develop standards for the frequency and capacity of
electric cars, which represents an important new step in the deve-
lopment of this technology. The standardized parameters would
make it possible for wireless chargers to be used by cars manufac-
tured by different companies, thus facilitating the take-up of electric

129 https://us.drive-now.com/
39http://online.wsj.com/articles/
lg-chem-working-on-battery-to-rival-teslas-range-1407776312
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cars on the Russian market.

Tests carried out by Qualcomm and Bosch on their Halo WEVC
and Plugless Power batteries respectively have proved to be a
success. Plugless Power batteries are already available for sale
in the USA; this model is compatible with the Nissan LEAF and
the Chevrolet Volt, which are already available on the market.

In neighborhoods of Gumi City, South Korea, vehicles
using dynamic wireless chargers have been tested under
real operating conditions since 2013. Under the OLEV
(Online Electric Vehicle) Project there are two buses
serving the city and using the shaped magnetic field in
resonance technology for recharging. This technology
was developed at KAIST, the leading Korean public re-
search university. It involves the use of underground ca-
bles that are positioned at a shallow depth beneath the
asphalt and generate a magnetic field; the buses are
equipped with devices to convert the magnetic field into
a direct current that is stored in a low-capacity
accumulator.'®

Testing of this technology within the territory of the
South Korea Institute began back in 2009. At that time
the receiver had to be no higher than 12 cm above the
road bed and the technology efficiency was rated at

60 %. Now, the receivers are located 20 cm above the
road bed and the efficiency of the wireless charging tech-
nology used by the Gumi city bus has reached the level
of 85 %.

According to engineers, all the electromagnetic field pa-
rameters are within normal limits and the technology is

not harmful for pedestrians or passengers of electric

buses.

Another promising area of development in wireless power
transfer consists in chargers being incorporated into the road
bed, providing in-traffic recharging for electric vehicles. Such
chargers, based on the same technology as fixed wireless char-
gers, would be useful for electric public transport venicles oper-
ating on circular routes. This new technology would make it
possible to reduce the capacity (and weight) of batteries, thus
making the vehicles cheaper and reducing power consumption.

In Gumi city the electric bus route is 24 km long. To en-
sure that the bus travels the whole distance, only 10-
15% of the road bed needs to be equipped with charging
wires. The bus’s battery begins charging almost instantly
once the bus reaches the cabled area. It should also be
mentioned that only 5 meters of cable is activated to re-
lease energy, not the whole cable segment.

Wireless chargers used in the OLEV Project have enabled
a threefold decrease in the capacity and weight of accu-
mulators. However, the receivers installed on the bottom
of the buses weigh 180 kg and are compatible with
high-capacity devices, meaning that the receivers can
only be used by large public transport vehicles.

As of now, the price of electric buses under the OLEV
Project amounts to USD 630,000, which is much higher
than the price of standard buses. However, such buses are
much cheaper to operate and maintain, owing to the ab-
sence of numerous moving parts and complicated wiring
schemes. Also, the charging infrastructure is available to
all the vehicles following the same route, which also con-
tributes to cost reduction.

By 2015, it is planned to operate 10 buses under the
OLEV Project. Further plans exist to make such roads
available to mass-produced electric cars.
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Rapid technological development forms the basis for advanced transportation and infrastructure pro-
jects. The developments in infrastructure and transport is tightly linked to the deployment of innova-
tions that change the principles of human interaction with familiar objects. Today, the Internet and
information technologies contribute to the emergence of new ways of moving in an urban environ-
ment, which compete with traditional carrier services. New ways of processing large amounts of data
help to predict the situation on the roads more accurately than ever before. Thanks to intelligent deci-
sion support systems, cars driven by electronics, which 20 years ago were the stuff of science fiction,
are now becoming a reality. Infrastructure megaprojects increase the speed of vehicles movement and
improve the quality of life in metropolitan areas.

Development of the transport network in
Russia — the largest country in the
world in terms of geographical area — is
crucial for economic growth. Currently,
the inadequate level of development is
partly due to the fact that significant
amounts are spent on the maintaining
existing infrastructure facilities, which
reduces the amount of available funding
for industry innovation. Most of Russia’s
industrial infrastructure facilities have
been operating since Soviet times, and,
for many sectors, the capacity retire-
ment rate has reached a critical level: in
the transport sector, depreciation of
fixed assets stands at 55-70%.

The task of infrastructure development
has certainly come to the fore in Russia’s
economic policies, as is evidenced by the
large plans for the construction of high-

speed railways. In some sectors, Russian
companies are achieving global-level re-
sults. For instance, at the intersection of
information technology and the transport
industry domestic IT companies such as
Yandex create products that rival and
even outstrip the achievements of West-
ern competitors.

The federal pilot project “Innovative
Road” is aimed at the testing new tech-
nologies during the construction of three
types of roads: federal (the Republic of
Tatarstan), regional (the Ryazan Region)
and municipal (in Moscow). The project
should result in improved standards of
construction and reconstruction for Rus-
sian roads for the large-scale application
of innovative technologies. Three areas
of innovative solutions may be singled
out:

Increased durability and lifetime of
the road surface through the addition of
colloid nanodisperse polymer compo-
nents to roadbed materials, use of the
road grid and reinforcement of compo-
site materials and improving the quality
of road markings though the use of ther-
moplastic elastomer.

Increasing energy efficiency, through
the use of LED lighting systems powered
not from mains supply, but from their
own, solar rechargeable batteries, as well
as intelligent lighting control systems.

Development of an intelligent
transport system which provides for
data exchange between vehicles and in-
frastructure (road signs, traffic lights and
video cameras) and automatic traffic
control in order to avoid congestion.
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ANTON
CHIRKUNOV

Founder of the Wheely
Service

What trends do you see in the

development of urban transport
infrastructure?

‘More and more city residents are
giving up private cars in favour of
public transport. The main reasons
are simple: parking problems and
the high cost of car maintenance. It
is much easier to take your phone,
double-tap the screen and 10 to 15
minutes later get into a good car
with a professional driver, which is
not inferior to your private car in
terms of quality and comfort. We try
to follow the latest trends and offer
people a quick and affordable way to
get around the city with familiar
comfort."

How does the transport infrastruc-
ture in London differ from that of
Moscow, and do these differences
affect the business dramatically?

'In London, public transport is much
better developed. People actively use
the subway, and in the city center
there are more cars, taxis and buses
than private cars. We try to offer
something that is useful and advan-
tageous in this environment — our
services in London are cheaper than
city cabs, and we use eco-friendly
hybrid Prius cars, thus minimizing
pollution. If we talk about the differ-
ences in doing business, everything
is more or less the same, but tax
rates and legal regulation in the UK
are stricter than in Russia."

ALTERNATIVE TRANSPORT
FOR THE URBAN ENVIRONMENT

The year 2013 became one of the most
successful for services employing the
sharing economy concept based on the
principle of sharing surplus resources,
turning the consumer into a producer.
Such services involve making resources
(e.g. cars or bicycles) available for joint
use by multiple people.

The joint use of cars (ridesharing) means
that any car owner can use an online
service to find themselves fellow travel-
ers without causing significant devia-
tions from their route. Both the driver
and the passengers save in this case be-
cause they share their expenses. The
concept has become very popular, and
companies doing business in this seg-
ment have raised hundreds of millions of
dollars from major venture funds.

Offering their customers low-cost travel,
ridesharing services compete directly
with the licensed taxi service providers,
much to the discontent of taxi drivers. In
2013, more than 15,000 taxi drivers
went on protest marches in many Euro-
pean countries and in the USA, calling
for the operation of ridesharing services

7

to be limited in their countries. There are
loopholes in the laws that make the le-
gitimacy of the business models used a
complex issue. There are also unresolved
taxation issues.

Though some difficulties still exist, esti-
mates based on 2014 data show that
the major ridesharing services (Uber and
Lyft) will attain record performance le-
vels in terms of passenger traffic and in-
vestments raised, and will approach
international markets.

These services became a success by rea-
son of the following factors: smart-
phones being used on a global scale,
user communities being formed around
such services, exchange of information
and integration of traditional transporta-
tion systems.

Apart from the US companies Uber and
Lyft trying to expand their worldwide
presence, Russia has its own national
ridesharing services. One of the first
companies to operate in this field was
called “Davai So Mnoy” (“Come Join Me”).
It appeared in 2010, positioning itself as
an easy way to find fellow travelers,
though it did not gain much popularity.
To some extent this is due to the cau-
tiousness with which Russians tend to

billion USD
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regard someone they do not know. On
the other hand, having and maintaining a
private car is not as expensive as in
Europe. At the same time, a similar
project named “Podorozhniki” (“Fellow
Travelers”) started operating in Russia
and Ukraine. This service was based on
the concepts of the ridesharing plat-
forms that were well known by the time,
such as BlaBlaCar, Carpooling.com, Lyft
and Ridejoy. By 2012, the “Podorozhniki”
service already had a mobile application
of its own and by the end of 2014 it
reached the target of 40,000 users.

TRANSPORT
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SHAHAR
WAISER

Founder of GetTaxi

“Today, one of the key trends
in big cities around the world
is a change in the consumer
model. There is a shift of em-
phasis from ownership of
goods to lease or joint con-
sumption. Society is ap-
proaching a tipping point in
its development in terms of
the acquisition and use of
valuable assets, such as pri-
vate cars, motorcycles, car
parks and even homes. This
trend is driven by the spread
of mobile devices, making

people better connected, and

the growth of consumer con-
fidence, which is partly at-
tributable to the use of social
networking. All this will re-
sult in fewer cars on our
roads and more efficient uti-
lization. The end result will

Early in 2014 the “Podorozhniki” service
was acquired by the French service

be greener cities that are

pleasant to live in.”
BlaBlaCar. By that time, BlaBlaCar was

operating in 12 European countries,
providing services to 8 million customers,
and shortly before the acquisition it had
raised investments of USD 100 million to
expand its business. During the first
three months of operation following the
merger the company attracted more
than 250,000 new users, which
represented the most successful service
startup in a new market. The service is
aimed at international trips planned at
the last minute (several hours to several
days before departure) when other
transport tickets are not available.
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INCREASING THE SPEED
OF PUBLIC TRANSPORT

The improvement of passenger service
and increase of competitiveness of pub-
lic transport are challenges that are cen-
tral to the development strategies of
many countries. For passengers, speed of
transport is one of the key parameters in
the selection of a mode of transport,
making improvements in speed a priority
target of public passenger transport de-
velopment programs worldwide.

Russian Federation

Area:

1/

mln sq km

Extension form
North to South:

thnd km

25"

of population resides
in 15 largest cities with
population over 1 min

Large territory and high level of urban-
ization in Russia make the increase of
speed of public transportation crucial
task, both for urban and intercity trans-
portation. The leading role of railway
transport in intercity transportation
causes the necessity of development of
high-speed railways.

Extension form
West to East:

thnd km

Inhabited
Localities

15

thnd

S 7 %

of population resides
in 63 largest cities with
population over 300 thnd

The following areas of development may
be singled out in terms of increasing the
speed of public transport.

» High-speed railway lines, such as the
magnetic levitation trains (maglev)

» Development of personal high-speed
automatic transport.

TREND:

HIGH-SPEED RAILWAY
LINES

One of the quickest ways to travel short
and medium distances (up to 1,000 km)
is by high-speed railway, with a speed of
around 200-250 km/h. Some modern
trains currently in use can reach speeds
of up to 350-400 km/h. Although trains
are slower than aircraft, time is saved by
not having to travel to the airport, check
in and wait for departure.

The development of high-speed lines
(HSLs) can be undertaken on the basis of
existing public lines, as is done in Germa-
ny, Italy and Russia, or by creating a new,
separate infrastructure, as is typical for
Japan, Spain and France. However,
launching high-speed trains on existing
public lines entails making major chang-
es to passenger and freight transport
routes, leading experts to assert that the
construction of separate HSLs is un-
avoidable despite the high capital costs
involved in such projects.
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Uber and Lyft are the largest and the most
widely-known ridesharing companies in the world,
capable of changing the shape of the whole
transportation industry while competing hard with
each other.

Both companies use similar business models: the use
of mobile applications to mediate between passengers
and the non-professional drivers. For Uber, rideshar-
ing is the only line of business (before it launched
ridesharing it offered classic luxury taxi services).
However, in 2012 a decision was taken to use the
same brand to provide cheaper services. This is how
the most successful ridesharing startup appeared.

Uber was the first company of its kind, which enabled
it to become the leader in the field. In terms of com-

pany value Uber exceeds Lyft almost thirtyfold, and in
terms of the number of employees it is 5 times larger.

The cost of the Russian project to construct high-speed lines is
estimated at RUB 3.2 trillion, and the first HSL from Moscow
to Kazan is expected to be launched in 2018. At present,
Moscow, St. Petersburg, and Nizhny Novgorod are linked by
Sapsan trains running at speeds of up to 200 km/h. St Peters-
burg is linked to Helsinki by the Allegro train, which also accel-
erates to 200 km/h. For comparison, the average speed of
long-distance trains operated by JSC Russian Railways is about
60 km/h.

The leader in the development of high-speed connections is
China, where the length of high-speed railway track is more
than 6,000 km. It is followed by Japan (2,600 km), Spain (2,100
km), and France (2,000 km). At present, Russia has around 180
km of high-speed trackage, but plans to increase this to 2,274
km by 2030.

However, a number of investors invested USD 250
million in Lyft during the last round of financing;
these investors believe that Lyft has a real chance to
compete with the leader. They believe that this start-
up has managed to create a better service for the
mass-market customer while Uber has retained its
image as a luxury service provider. Lyft positions its
services not only as an option for moving around the
city, but also as a way to get to know new people and
find friends. Consequently, there is a community of
like-minded people formed around it, which creates
an advantage in a market that is still in its infancy.

Competition encourages these companies to offer
more services. In August 2013, for instance, both
companies announced a new service offering cus-
tomers who follow similar routes the opportunity to
share their taxi expenses, thus paying less for their
regular trips.

One possible area of development of high-speed railways with a
view to achieving greater speeds is the use of magnetic levita-
tion trains, or maglevs, which hover above the track and move
with the aid of an electromagnetic field. Since there is no physi-
cal contact between train and track, the only factor limiting the
speed of such trains is drag. This is why the achievable speeds
are theoretically comparable with those of aircraft. In fact, the
speed record reached by the Japanese train MLXO01 is 581 km/h.
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The Development of High-Speed Railways Around the World
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Source: International Union of Railways

Compared with conventional trains, mag-
levs require much greater capital expendi-
ture on infrastructure, although operating
expenses are much lower owing to the
lack of exposure to wear and tear through
friction. Because of the enormous cost of
building the infrastructure and the long
payback period, maglevs are not yet wide-
spread: there are two projects in opera-
tion, and two more under construction.

JSC Russian Railways declared the inten-
tion to develop Russian maglev train in
2011. In 2014 during the St. Petersburg
International Economic forum it was an-
nounced that Russian Railways and Rosa-
tom State Atomic Energy Corporation
started the joint project on developing
such train. D.V.Efremov Institute of Elec-
trophysical Apparatus will lead the re-
search and design process. According to
Sergey Kirienko, the head of Rosatom,
the project can lead to the creation of
new segment in Russian high-tech indus-
try with the potential to compete with
foreign manufacturers.

I
Existing and under
construction

I
Planned for construction
up to 2025-2030

TREND:

PERSONAL RAPID
AUTOMATIC TRANSPORT

In addition to the development of familiar
types of urban transport, new types are
becoming common, including Personal
Rapid Transit (PRT). This is a form of
public transport whereby small groups of
passengers (from two to six people) are
carried in automatically-operated (driver-
less) pods on dedicated tracks.

The main advantages of PRT over other
forms of public transport are cost effi-
ciency and energy efficiency per passen-
ger, as well as low operating costs.
Passengers, meanwhile, receive a level of
comfort that is comparable with private
transport, combined with low waiting
times and high safety standards. In addi-
tion, the passenger specifies the destina-
tion (similar to booking a taxi), which
eliminates the need for changes or inter-
mediate stops. The positioning of stops

on side tracks means that there is no
need to decelerate and hinder the move-
ment of vehicles behind. This means that
speeds of 40 km/h are possible regard-
less of traffic load.

PRTs are operating in West Virginia in the
United States and in Abu Dhabi in the
United Arab Emirates, and there are
plans to launch them in Dubai in the UAE
within the next few years's?. According to
the US Department of Transportation,
after 110 million passenger miles there
has not been a single emergency situa-
tion involving transport based on an
automated AGT system.

The advantages of personal rapid trans-
port are encouraging further develop-
ment in this area and improvements in
the technology. For instance, a new pro-
ject that is currently being developed is
the high-speed SkyTran, which involves
the creation of PRT systems with trains
suspended on a magnetic cushion. The
maximum vehicle speed will be 240 km/h.
The project involves the construction of a
special monorail just a few meters above
the ground on which the pods will travel.
The pods can be summoned using an ap-
plication on a smartphone. In June 2014,
SkyTran company signed a contract with
Israel Aerospace Industries (IAl) for the
construction of a pilot system in Tel Aviv
by 2016. The project has also attracted
the attention of transport companies
from India, France and the USA™. In the
future it is planned to equip SkyTran with
solar panels that will make the system
independent of mains power'**.

152 http://gulfnews.com/news/gulf/uae/high-tech-
podcars-to-take-to-dubai-streets-in-a-few-
years-1.1328418

133 http://www.skytran.us/skytran/

3*http://techvesti.ru/node/7521
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BIG DATA AND
MODERN WAYS
TO FIGHT
CONGESTION

Traffic jams often stretching out over

many dozens of kilometers and costing In 2011, a project for the creation of a personal high-speed transport sys-
drivers many hours are a problem in tem, called ULTra, was launched at London’s Heathrow Airport. Wheeled
many developed and developing coun- pods driven by electric motors travel along dedicated lines 4 km long,
tries. The negative impact of jams on the which have a conventional road surface and are fenced only with concrete

quality of life and on the urban economy barriers.
can hardly be overestimated.

The route connects Airport Terminal No. 5 with car parks. In 2011 it re-

According to data from the Texas Trans- placed the bus service that previously ran between these points. The vehi-
portation Institute research center, in cle’s batteries are charged while it is parked at the station. The main

2013 total losses from jams on US roads advantage of this type of transport is rapid availability: the average wait-
exceeded USD 210 billion, or USD 1.000 ing time is 10 seconds. According to the operator, the energy efficiency of
per passenger. The results of another ULTra pods is 50% higher than that of conventional buses. The total cost
study show that US drivers who have to of constructing the line was 30 million pounds, which is significantly less
use one of the 10 most crowded high- than the cost of creating similar bus and rail routes.

ways in the country every day waste an
average of about 140 hours a year,
which is comparable with a full working

scientists believe, facilitating the de- overcrowded public transport are the
month. Beside this, long-term exposure struction of brain and synapse cells, main causes of stress and have a nega-
to exhaust gases has an adverse impact which are responsible for memory. Re- tive impact on health and working
on the body, significantly increasing the cent surveys of public opinion in Hong capacity.

risk of cancer and heart disease and, Kong have shown that traffic jams and

Price of Traffic Congestion in USD in 2013:

Total costs: Wasted fuel: Additional CO?
emission:

121 11 25

billion USD billion liters billion kg
per year
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The World's Most Traffic-Congested Cities, 2013-2014

62%
56%

54%

Moscov | 74%
Istam b1 1
Tianjin |
Rio de Janeiro 1N 55%
Mexico NN
Hangzhou I 47 %
Sao Paulo I 46%

Pekin I 4 3%

Changchun INIIINNEEEEEEEEEEEEEEEEEE  40%
Nanjing 40%
Palermo | 39%
Warsaw I 39%

Shijiazhuang I 39%
Shanghai NI 38%

Rome IS 37%

Chongging I 37
Changsha I 37%

Los Angeles I—— 36%
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It is clear that Moscow has an acute con-
gestion problem: for the third year run-
ning the capital has topped the world
congestion ranking prepared by Tomtom,
the Dutch manufacturer of satellite navi-
gation devices, based on the data from
the GPS devices of its users.

The research is conducted in over 160
large cities in North America, Europe,
Australia, New Zealand, and South Africa.
The database contains 6 trillion measure-
ments, with 5 billion measurements add-
ed every day.

There are three possible ways to solve
the problem:

1. Construction of new roads and park-
ing areas

2. Development of the public transport
system

3. Implementation of intelligent traffic
flow monitoring and control systems.

Note: Congestion Index shows (%)
the average difference between travel
speed at night and in peak hours

The third option is the newest area of
development, but it is becoming increas-
ingly popular all over the world. This
approach encourages the creation of
solutions for tackling congestion among
non-governmental companies. The main
weapon is the use of the Big Data con-
cept, i.e. a set of methods and technolo-
gies for collecting and processing large
quantities of road data for the purpose
of improving the transport system. Per-
haps it will be in Russia that the best
solutions to the problem will appear,
given the expertise it has at its disposal
and the urgency of the issue.
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The first taxi in Tokyo appeared as early as in the begin-
ning of the 20th century, and today there are around a
quarter of a million cars operating in Japan's capital. For
the Nomura Research Institute, the largest consulting
company in the country, all these vehicles are a source of
information on how to solve the traffic problem in one of
the most heavily populated cities in the world.

NRI employees use three primary data sources to ana-
lyze traffic jams:

Its own sensors on transport infrastructure through-
out the country

Location-based sensors from 12,000 taxi cabs in the
capital region, and

Photos and information from satellites.

All of these generate around 360 million observations
every minute. Until recently, the Institute used to pro-
cess this information using ordinary relational databases;
analysis of collected data took about 20 minutes, which
did not allow real-time prediction of the road traffic
situation.

The use of in-memory computing technology, which in-
volved processed data being saved to random access

memory, allowed the company to analyze all observa-

tions on their servers within less than a second. The in-

creased data processing speed allowed the creation of
the mobile application Zenryoku Annail to track the road
situation in the city in real time and build optimum
routes that take into account current traffic conditions
and predictions based on collected historical data.

The results achieved by the Institute are very relevant
for Japan. Japanese public institutions and companies are
often searching for ways to use road traffic data to im-
prove the quality of life of the country’s population. For
example, Toyota, the largest supplier of taxi cars in the
country, has recently announced plans to use road traffic
information received from the company’s 700,000 vehi-
cles to provide various services to local authorities and
enterprises.

Another example is the announcement made by the Jap-
anese Government of its intention to use data from navi-
gation devices to receive prompt information about the
state of roads after various natural disasters. We know
that on the day after the 2011 earthquake the Govern-
ment did not have enough information on the state of
about a quarter of all roads in the country, which in-
creased the time needed to restore normal traffic condi-
tions. In addition, the availability of rapid and accurate
means of analyzing location-based data will enable prob-
lems to be resolved faster.
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Yandex.Traffic is a Yandex service that provides information on the traffic

situation on the streets of the largest Russian cities, and is available both

on the web and in the Yandex Maps app. Yandex. Traffic automatically col-
lects the necessary information from app users, analyzes it and displays it
on the map.

When in use by drivers, the apps transmit a car’s geographical coordinates
and driving speed to the company’s servers. Based on these data an algo-
rithm is used to create a single route, which forms a "track" in combination
with driving speed data at each point on the route. "Tracks" are provided
not only by private drivers, but also by cars of Yandex partners — compa-
nies with large fleets of cars that regularly drive through the city. Finally,
having collected together numerous tracks, the program analyzes them

and applies "green’, "yellow" and "red" scores to the relevant road sections.

The company is continuously improving the algorithms and principles un-
derlying the data analysis and expanding the functionality of the service,
which helps it remain on a par with other similar systems worldwide. At
the beginning of 2013, for instance, the company introduced a feature en-
abling short-term traffic prediction, in order to be warned of traffic jams
expected in 15, 30, 45 and 60 minutes. The data analysis technologies and
algorithms used for this purpose are not disclosed, but, compared with the
use of real-time congestion data, the forecast allows for a more precise

prediction of traffic volume, as it also takes account of patterns of changes

and historical data.

Eventually, the quality of the prediction is expected to be significantly en-
hanced by including a number of external factors in the analysis. For in-
stance, the prediction model already includes reference to the time of the
day, and there are plans to add variables that would reflect precipitation
intensity and other weather conditions. Employees of the company say
that, if they manage to find a reliable and prompt source of information
on road accidents, this factor will be also included in the model in order to
estimate the possible duration of traffic jams on various road sections.

VEHICLE
EFFICIENCY
ENHANCEMENT

Kinetic energy storage and recycling (re-
generation) systems based on the fly-
wheel or compressed air principle have
been known since the middle of the XX
century, but thanks to the development
of technologies to make the mechanisms
more compact, light, reliable and capaci-
tive, such devices are already appearing
in the private motor vehicle segment.
Their application enhances the energy
efficiency and environmental friendliness
of existing cars with internal combustion
engines.
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Systems that enable kinetic energy released
during the braking of a vehicle to be con-
verted into flywheel rotational energy for
use when needed (KERS, Kinetic Energy Re-
covery System) were first used in Formula 1
racing cars and other racing cars to in-
crease traction power. The temporary stor-
age of energy is achieved using rotors made
of high-strength composites, which are con-
structed of interlaced threads of carbon fi-
ber rotating on magnetic bearings inside
the vacuum chamber.

Developments in manufacturing technolo-
gies over the last few years have enabled
the system to be used in private cars as
well. Unlike in racing cars, in this case the
flywheel is used to reduce fuel consumption.

The system is especially effective for ve-
hicles epde make frequent stops, such
as city transport vehicles, In July 2014
the London public transport operator,
Go-Ahead, announced the purchase and
installation of five hundred Gyrodrive
systems, which work similarly to KERS
for two years'®. Engineers estimate that
the use of this system will provide a 20%
fuel saving; moreover, it can be installed
on a bus in a matter of days, and is no
bigger than a car wheel.'s®

Vehicles with compressed air propulsion
systems are propelled by air-powered
motors using compressed air stored in
cylinders. As these motors do not use
fuel material, they enable the level of
polluting emissions to be reduced where
they are used, and have a simpler design
and smaller weight and dimensions. The
filling of cylinders with compressed air
requires the consumption of electricity.
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For instance, representatives of Peugeot-Citroen state that their "Hybrid
Air' hybrid car will save up to 45% of hydrocarbon fuel, giving a fuel con-
sumption level of 2 1/100 km. The saving derives from the fact that the

energy released in the process of braking is not dispersed as heat, but is
stored as compressed air in a cylinder, and is then used when needed.
Mass production of the model is to begin in 2016.1*”

In 2013, Volvo announced a flywheel-based system for its S60 Sedan'*®.
Volvo representatives claim a potential fuel saving of up to 25% against a

similar motor without the system, with a simultaneous power increase of
80 h.p. The flywheel weighs 6 kg, is no more than 20 cm in length, and its

rotor is capable of rotating at a maximum speed of 60,000 rpm. The test-
ing of samples in Great Britain was successfully completed in March 2014,
and the company is working on integrating the device into the model for
serial production.

The use of air-powered motors is com-
plicated by the need to heat and cool
down air during its operation, creating a
need for additional air filling stations.
Furthermore, tests show that com-
pressed air cylinders have a poor energy
density, which makes it difficult to create
vehicles with an air-powered motor

% http://www.busandcoach.com/newspage.aspx?id=8574&categoryid=0
%6 http://www.wired.com/2014/07/f1-kers-london-buses/

alone. When used together with an inter-
nal combustion engine, however, air-driv-
en motors significantly enhance a car’s
energy efficiency.
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Founder of WayRay

“The market for vehicle infotain-
ment systems is currently at the
formative stage. IT companies and
electronics manufacturers, including
Apple and Google, are now getting
actively involved. Consortiums of
companies are being established in
order to create uniform standards
for such solutions. According to fore-
casts, the market will grow to USD
160 billion by 2020.

WayRay develops and deploys intel-
ligent systems for vehicles. One of
the products being prepared for sale
is a device that projects an aug-
mented reality image onto the
vehicle windshield.

As of the beginning of this year,
WayRay's headquarters are in Swit-
zerland, which makes it easier for us
to access target markets in Europe,
the USA and Asia. But the centre of
research activities is still in Russia,
and we do not plan to move it. The
new structure is more attractive to
foreign investors. In view of the
tense political situation, foreign ven-
ture capital funds are not ready to
invest in Russian companies. We
plan to attract USD 30 million in
the next round, and good relation-
ships with the Government of Swit-
zerland and internationally
positioning of our company will
contribute to this.”

INTELLIGENT DECISION-MAKING
SYSTEMS FOR DRIVING

The first examples of driverless cars date
all the way back to the 1920s: the linrri-
can Wonder of 1925 was driven by small
electric motors that controlled the car’s
driving systems and were connected to
the radio receiver, the signal to which
was sent from a car driving in direct
proximity.

The goal of creating of an automatical-
ly-controlled (autonomous) vehicle has
moved on since then. The significant ad-
vances witnessed over the last ten years
have been made possible by rapid deve-
lopments in computer vision technolo-
gies, improvements in various sensors,
such as radars, lidars (devices receiving
information on remote objects with the
help of optic systems) and position and
acceleration sensors, and the enhanced
computing capacity of mobile compu-
ters, which are capable of processing a
huge volume of incoming data.

th
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Developments in the field of driverless
vehicles generally began in research in-
stitutes and laboratories (of Munich Uni-
versity, Oxford, Stanford, University of
Parma, Carnegie Mellon University) in
conjunction with car manufacturers
(BMW, Mercedes-Benz, General Motors,
Nissan, Toyota, Audi, Volvo). Their coope-
ration resulted in prototypes capable of
travelling on a pre-determined route
without human participation.

Intelligent systems currently used in the
mass market do not allow for full substi-
tution of a driver, but automate certain
driver actions. For instance, adaptive
cruise control alters the speed of a vehi-
cle in order to maintain a safe distance
in traffic flow, while lane support systems
help the driver to keep in lane, inform
him of any deviation from the selected
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data gathered by fully
functioning AV

% of global vehicle sales attributed to AVs

2015 — 4%, 2030 — 41%, 2035 — 75%

Estimated price consumers will pay for AV technologies:

2025 $7,000 — $10,000, 2030 — $5,000, 2035 — $3,000

path and even make corrective interfe-
rence with steering.

AvtoVAZ, the largest Russian automobile
company, announced its model Lada
Granta equipped with cruise control sys-
tem in 2014, but the adaptive cruise
control is an appliance the manufacturer
is still to develop and implement. It
might be the perspective market seg-
ment, taking into account the annual
production volumes of AvtoVAZ (500
thnd cars).

Large car manufacturers, including BMW,
Mercedes-Benz, General Motors and Nis-
san, as well as Google, have presented
modified versions of production models
that can be automatically driven in cer-
tain conditions (usually while driving on a
highway). These cars are able to change
lane on their own, overtake and perform
emergency braking at 100 km/h. They
use various sensors to collect information
on the location of surrounding objects
and their driving speed — stereoscopic
cameras, radars, laser scanners, infrared

cameras and ultrasonic sensors — and
integrated computing methods to choose
the optimum driving path.

The potential applications of driverless
cars are obviously enormous: their use
will make driving safer and more effi-
cient. Since computers react to situa-
tional changes more rapidly than
humans, never get distracted or tired and
are capable of watching hundreds of ob-
jects at the same time, it will reduce the
amount of accidents and increase driving
speed. Automatic control systems will
help people to use time spent at the
wheel for other things; the systems will
park the car on their own while the
owner does their own thing.

However, models with these capabilities
are a long way from commercialization,
and manufacturers expect them to ap-
pear on the market no sooner five years
from now, while the full substitution of
humans in driving a car in any conditions
will take much longer.

There are several reasons for this, the
most significant of which are technologi-
cal factors. The sensors and computing
systems used in the prototypes are too
expensive for the mass market: for ins-
tance, the cost of a lidar of the type
mounted on the roof of the Google Car
(@ modified Lexus RF450h), which cre-
ates a 3D image of the surrounding
space to an accuracy of 2 cm, is around
USD 70,000. Furthermore, unfavorable
weather conditions change the percep-
tion of the surrounding environment by
sensors: snow on the roads and splashes
from cars distort the lidar signal, while
fog and snow limit radar visibility.

The most difficult problem, which is cru-
cial for the substitution of humans in
driving a car, is the imperfection of the
automatic decision-making system,
which is currently unable to evaluate
quickly and accurately enough all the
possible outcomes of non-standard situ-
ations that frequently occur in road traf-
fic, such as rapid changes of lane by
neighboring cars and oncoming traffic.

In addition, the use of driverless cars on
roads would require changes to be made
to the provisions of key international
treaties, such as the Vienna and Geneva
Conventions on Road Traffic, which es-
tablish that a driver must remain fully in
control of his car while driving. At pres-
ent, the use of driverless vehicles is ex-
pressly permitted in only four US states
and in certain European countries (Ger-
many, the Netherlands and Spain).
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Nevertheless, IHS, a consulting company in the field of industry
and technology, predicts that 54 million driverless cars will be
in operation by 2035. Annual sales of the vehicles will amount

Work on a car that can drive without human participation
is being carried out in the Google X laboratory of prospec-
tive technologies. The project involves modified production
models of the Toyota Prius and the Lexus RX540h. In addi-
tion, in May 2014 the company demonstrated a new pro-
totype of a two-seated car of its own design, which has no
pedals, steering wheel or other control systems, since they
are not needed.

The first tests of Google Cars occurred in 2010. Then,
driverless systems coped with driving along a highway:
single-lane driving, braking and speeding up to avoid road
accidents, and changing lane. A car driving at 100 km/h
recognizes vehicles driving next to it on time and responds
adequately. The next stage in the development of the tech-
nology involved driving on city streets in regular traffic,
where it is necessary to take into account hundreds of ob-
jects within a small area, and to drive according to particu-
lar rules. Thus, the Google Car control systems can take
account of road signs, traffic lights, the behavior of
pedestrians and other cars, and even cyclist maneuvers.

Controlling the car without the involvement of a driver is
made possible by an automatic system that includes a
wide range of sensors and indicators to receive information
about the surrounding space, and specialized software that
processes incoming data and controls the car. In the most
difficult situations the system still informs the driver of
the need to take control, but as the technology develops,
the need for this becomes increasingly rare. In 2014, the
company announced that Google Cars had travelled 1.1
million km with minimal human participation.

to 11.8 million cars, half of which will not have any manual

control devices. By 2050, driverless cars will completely replace

ordinary cars.

Navigation equipment mounted on the Google Car in-
cludes: a laser electronic distance meter on the roof of the
car, four radars on the front and rear bumpers, a high-reso-
lution camera on the windshield and another inside the
car, and a GPS indicator. A central part of this system is
the 64-ray laser electronic distance meter "Velodyne",
which makes 1.5 million measurements per second, allow-
ing a 3D model of the surrounding space to be created
with an accuracy of up to 2 cm. In total, the equipment
mounted on the Google Car gathers about 1 GB of data
each second. The 3D map of the surrounding space that is
created built with the aid of the sensors is compared with
a high-precision record of the area in the database, and the
result enables the special software to drive the car while
avoiding obstacles and complying with traffic rules.

In order to obtain a detailed map and data on the sur-
rounding environment and terrain features, Google engi-
neers have to drive the planned route first, and add
detailed information to the cartographic data. In addition,
Google Car systems cannot currently differentiate between
a pedestrian standing on the roadside or, for example, a
traffic controller, from a lamp post, or a stone lying on the
road from a crumpled newspaper (Google Car will try to
travel around the "obstacle" in both cases). Holes and sani-
tary sewage manholes not marked by road signs also cause
complications.

In spite of the continuing difficulties in the development of
driverless cars, Google expects them to be used in the fu-
ture for automated services, e.g. taxi services. In August
2013, the search giant invested USD 250 million in Uber,
the taxi services company, which in turn plans to buy

2500 driverless cars.
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